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Exercise A, Question 1

Question:

Given that the random variable X hasz a £, -distribution, find values of £ such that,
a P(X<i)y=0025,

b P{X =i3=0035,

¢ PX|=)=0585.

Solution:
a P(X=0)=0025 when ¢ =2179 g0 P(X <£)=0025 when : =-2 179
b P(Y =8)=005 when :=1752

¢ P(X >£)=0.025 when ¢t =2.179
P X |>£)=0.95 when |£|=2.179
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Exercise A, Question 2

Question:

igiven that the random variable X haz a £, -distribution Find
a £,(0.01),
b £, (0.05).

Solution:

a 2479  (from tables)
b 1706  (fom tables)
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Exercise A, Question 3

Question:

The randem variable Fhas a £ -distribution. Find a value (or values) of £ in each of the
following

a v=10P{¥ < =055

b »=32B(F =£=0005

¢ v=5PF7F=5=0025

d v=16P{ ¥ |=£)=0098

e v=18P(F|=£=010

Solution:

a PF=£=005when :=1812 so P <£)=095 when :=13812

b P =6 =0005 when t =2738 so P(¥ <£)=0005 when t =-27738

¢ P¥Y=5=0025 when t =2.571 s0 P(¥ <) =0.025 when {=-2.571

d PF==001,when ¢ =22583, and P(¥ <¢)=0.01 when ¢ =-2583 s0
PO |=¢)=0098 when |t |= 2.583

e P(F=>£=003 when é=1734 and P(¥ <) =002 when :=-1734 zo
P |=£) =010 when |¢[=1.734

© Pearson Education Ltd 2C

PhysicsAndMathsTutor.com



Heinemann Solutionbank: Statistics 4

Solutionbank S4
Edexcel AS and A Level Modular Mathematics
Exercise B, Question 1

Question:

A test onthe life {in hours) of a certain make of torch batteries gave the following
results:

202 173 250 184 163 248 243 212
Azzuming that the lifetime of batteries iz normally distributed, find a 20% confidence
interval for the mean.

Solution:

T=2095 #=34718.. . n=8 v=7

34719
= 2095 +1 890 ———— =18.624

. oy &5
=xt4, 1:|§| E N
and 23.276

Confidence interval = (18 624 23 276)

confidence limits
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Exercise B, Question 2

Question:

A sample of size 16 taken from a normal population with unknown variance gave the
following sample values ¥=12.4,5° =21.0. Find a 95% confidence interval on the
population mean,

Solution:

=124 s=4+21 n=16 v=15

confi dence limits =X £, % |/% = 12_412_131/% =9.9586... and
L =) #

14 8413 ..
Confidence interval = (9 959,14 84 1)
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Question:

The mean heights (measured in centimetres) of six male students at a college were as
tollows:
182 178 183 180 1&6% 184
Calculate,
a a90% confidence interval and
b a 95% confidence interval for the mean height of male students at the college.
Tou may assume that the heights are normally distributed

Solution:

a T =179333335 z=55015... n=6 v=13
k]
g

o (o 55015..,
confidence limits =T £ 4, )| = A v ip 179.333.£2.015x —F = 174.808
L2 Nm
and 183,859
Confidence interval = (174 808,183 829
(o) 5.5015...
b confidence limits = +4, | % g %= 179.333. £ 25710 = == = 173,559
k) s e

and 185,108
Confidence interval = (173.25%,182.108)
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Exercise B, Question 4

Question:

The masses (in grams) of 10 nails selected at random from abin of 90 cm long nails
WErE:

27 102 112 24 110 112 938 93 mwo 113

Calculate a 98% confidence interval for the mean mass of the nails, assuming that
their tnass 15 normally distributed.

Solution:

T=1036 s=073363_»=10 »=0

0773363
=1036+ 2821 ———=9706 and

Y s
[ T
11.014

Confidence interval = ({9 706,11 .01

o e
confidence limits = X £ 4, 13| 5
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Exercise B, Question 5

Question:

It 15 known that the length of men's feet 13 normally distributed. & random sample of
the feet of B adult males gave the following summary statistics of length x {in cm):
S ox=2241 > x'=6337.3%

Calculate a 99%0 confidence interval for the mean lengths of men’s feet based upon
these rezults.

Solution:

224.1 1 224.1
P =2 s o1as & =Lleazre- |_g 5125

g 7 [
5=292254. n=8 v=7
- () 2.92254 ..
confi dence limits = X £, | & [x—= = 28.0125£3.499x 21 = 24 397
L2 ) V8

and 31.628
Confidence interval = (24. 357, 31 628)
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Exercise B, Question 6

Question:

A random sample of 26 students from the sixth form of a school sat an intelligence test
that measured their Iz, The result are summarised below

x =122 w=225
Azsuming that the IO iz normally distributed, caleulate a 95% confidence interval for
the mean I of the students.

Solution:

T=122 s=.f225=15 v=25

confidence limits = x4, ‘% '|/%=122 +2.060% ‘;2;65 =115.940 and 128.060
I N

Confidence interval = (11594, 128.06)
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Exercise C, Question 1

Question:

iven that the observations 9, 11, 11, 12, 14, have been drawn from a normal
distribution, test H, 20 =11 against H,: g = 11, Use a 5% significance level

Solution:
¥=114 s=1816__.

H,:p=11 H:u=11
Critical region = 21352

s FEGE PRS0
Thre e #_ = 0.492
mek StAHsHE ” 1816,
N NG

The result 15 not in critical region.
Mo evidence that o is not 11
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Exercise C, Question 2

Question:

A random sample of size 28 taken from a normally distributed variable gave the

following sample values T=17.1 and s* =4, Test Hy: =19 against H;: p =19,

Tsze a 1% level of significance.

Solution:

=171 =z=2
Hy u=1% H, u<1%
Critical region? < —2.473
T—u 17.1-15

Test statistict = 5 =-5027

g
NN T

The result 15 1n the critical region.
There 13 evidence that i 13 less than 19
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Exercise C, Question 3

Question:

A random sample of size 13 taken from a normally distributed variable gave the
following sample values ¥ =3.26, 5° =0.64. Test Hy:p=53agamnst H:p=3 Tsea

2% significance lewvel.

Solution:

T=326 s5=08

Hy:p=3 H:p=z3

Critical values £2.17%

Critical region & < =2 179 or £ = 2179
- 3263

Test statistic i =——="_"=1.172
-
NN

The result is not in the critical region
There iz no evidence that o 13 not 3
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Exercise C, Question 4

Question:

A certain brand of blanched hazelnuts for use in cooking is sold in packets. The
weights of the packets of hazelnuts follow a normal distribution with mean g4 . The

manufacturer claims that @ =100g A& sample of 15 packets was taken and the weight
x of each was measured. The results are summarised by the following statistics

> x=1473,> ' =148119.

Test at the 5% significance lewvel whether or not there 15 evidence to justify the
manufacturer’s claim.

Solution:

T=982 s=12744...
Hy:p=100 H:p=100
Critical region < —2 145 or > 2145
T—u 982-100
s 1574
VRN T
The result is not in the critical region
There is no evidence that [ is not 100

Test statistic £= =-0443
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Exercise C, Question 5

Question:

A manufacturer claims that the lifetimes of s 100 watt bulbs are normally distnibuted
with a mean of 1000 hours. A laboratery tests 2 bulbs and finds their lifetimes to be
985, 920, 1110, 1040, 945, 1165, 1170, and 1055 hours.

stating yvour hypotheses clearly, examine whether or not the bulbs have a longer mean
life than that claimed. Tze a 5% level of significance.

Solution:

T=104875 £=952346_
Hy:p=1000 H;:p=1000
Critical region £ =1 895

o T—p  104875-1000
Test statistic £ = . = 5o =1.448
VAR

The result is not in the critical region
There iz no evidence that © 18 not 1000
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Question:

A fertiliser manufacturer claims that by using brand F fertiliser the yield of fruit
bushes will be increased. A random sample of 14 fruit bushes was fertilised with brand

F and the resulting ywields, x, were summarised by Zx= a0 &, sz =&00 The yield
of bushes fertilised by the usual fertiliser was normally distributed with a mean of 6 kg

per bush
Test, at the 2.2% significance level, the manufacturer’s claim.

Solution:

T=64857... & =0853626... 5=0923919_.
Hy:p=¢6 H:.p=¢6

Critical region ¢ = 2. 160

T—u 648571426
s 0923919

7 e

The result 15 not in the critical region
There 1z no evidence supporting manufacturer’s claim.

=1.9&7

Test statistic i =
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Exercise C, Question 7

Question:

A nuclear reprocessing company claims that the amount of radiation within a
reprocessing building in which there had been an accident had been reduced to an
acceptable level by their clean up team. The amount of radiation, x, at 20 sites within

the building in suitable units are summarised by Zx =217, sz =28 4 Before the

accident the level of radiation in the building was normally distributed with a mean of
1.00. Test, at the 0.10 level whether or not the claim 1z justified.

Solution:

, 284-20x1.085
13

Hy:p=100 H,:p=1.00

Critical walues £ =1 328

¥—un  1.085-1

s 0.5035.

i 20

The result 15 not in the critical region

There 1z no evidence that i is not 1.00 so the claim 15 not justified

r=1082 =« =0.2555... ==05055.

Test statistic £ = =0"752
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Exercise D, Question 1

Question:

A random sample of 15 observations of a normal population gave an unbiased

estimate for the variance of the population of s° =4.8. Calculate a 95% confidence
interwval for the population wariance,

Solution:

= 1 14%48 1448
Confidence interval = b )S (n )s? ” X

_| 261197 5629 |
3]

.-’[‘x 1 ‘ .r(;l! 1
= (2.5?3,11.938]
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Exercise D, Question 2

Question:

A random sample of 20 cbservations of a normally distributed variable X 1z
suminarised by Ex= 1324 and sz = 284,23, Calculate a 30% confidence interval

for the vanance of X

Solution:

1( 1327+
=662 32=—|884.3—— =04111...
19( 20 |

(n—1)5" (-1 | [19x0411.. 19x0411.)
(1) | 30.144 7 10,117
2

Confidence interval

_g"”\"_g
Ana] = | An1
2

(0.259,0.772)
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Exercise D, Question 3

Question:

A random sample of 14 observations is taken from a population that 15 assumed to be
normally distributed. The resulting values were:
2.3, 38, 3.0, 2.2, 26, 25, 23, 39, 2.1, 3.6, 2.1, 27, 32, 34

Calculate a 95% confidence interval for the population variance.

Solution:

T=28785 .. & =045873.

(r—1)s (n-1)s" | _(13x0453... 13x0458...)
£| 2 [1-9) | 24736 5009
2 s ‘{’x 1'-. 2 £

Confidence interval =

X:fl
= (0.241,1.191)
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Question:

A random sample of female woles was trapped in a wood. Their lengths, in centimetres
(excluding tails) were 7.0, 8.4, 10,1, 6.2, and 8.4 cm.

Azsuming that this is a sample from a normal distribution, calculate 95% confidence
interwvals for:

a the mean length,

b the wariance of the lengths of female woles

Solution:

F=812 &=2037.. . .5=1427..

i Y
a Confidenceinterval = x££, 4 = |i=
L2 )
| 8.12—2.??6/1'42?” B P /ﬂ |= (6.348,9.892)
5 V5 )
. (n-1s* (n-1)s" =|-’4/2.U3? 4 x2.037 |
a ey s, ey L 11143 7 0484 )
An 1| 5 An-1 1_5 ) !

— (0.731,16.835)
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Question:

a A random sample of 10 1z taken from the annual rainfall figures, x cm, in a certain
district. The result is summarised by Zx= f21 and ng =38 938
Calculate 90% confidence limits for,

1 the mean annual rainfall,

i the wvariance of the annual rainfall.
b What assumption have you made about the distribution of the annual rainfall in

patt a?

Solution:

1f 6217 )
a ¥=621 52=—| 200302 | =41544 . s=6445
21 10 |
i Confid R fa Y =
1 onfidenceinterval = x T el i
vzl
=| 52l 1833 S0 i 00D |
\ 10 0

= (53.364,65.336)

-1  (r—-1)s
{ o ~|!- s I.---l_i..I|

G R W
= (22.089,112.450)

_(x41.544 0 §x41.544 )
‘ 16.91% 7 3325 |

n Confidence interval =

e
Anl

b MNormal distribution
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Exercise D, Question 6

Question:

A new variety of small daffodil 1z grown in the trial ground of a nursery. During the
flowering period a randotm sample of 10 flowers was taken and the lengths, in
millimetres, of their stalles were measured. The results were as follows:

266, 254, 215, 220, 2533, 230, 216, 248, 234, 244 mm
Azsuming that the lengths are normally distributed, calculate 95% confidence intervals
for the mean and wariance of the lengths.

Solution:

X =238s=17694._ s°=313.111._.

: [ (o) = oy s )
Confidence interval mean =| ¥ — — | K=, T+, = |¥—
e b vt b vy
=" St o s snmelia it e |
= (225343, 250657
T o
Confidence interval vanance = (n Uf EH,USE‘
L () .2 [ )
er1|§ f(?él]' 2
_|’9-313_111_. 9-313.11...‘|
\ 19.023  ° 2700

= (148 136, 1043 704)
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Question:

Twenty random observations (x) are taken from a normal distribution with variance
o® . The results are summarized as follows:

Y x=3321,3 1 =5583.63

a Calculate an unbiazed estimate for the population variance,

b Test, at the 3% significance level, the hypothesis Hy: o* =15 against the

hypothesis H,: ¢ =1.5.

Solution:
_ 2
a X=164605 3225583.63 ]2;](16'605) =3637.
b Hy:o=15 H:c">15
Critical region = 30,144
_ 2
Test statistic = 05 = 13037 _ 46 099
e 1.5

The test statistic iz in the critical region

There is evidence to suggest o =1.5
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Exercise E, Question 2

Question:

A random sample of 10 observations 15 taken from a normal distribution with variance
o which is thought to be equal to 0.09. The results were as follows:

0.35, 042, 0.30, 0.26, 0,31, 020, 040, 0.33, 0.30, 0.40
Test, at the 0.025% lewel of significance, the hypothesiz H: o = (.09 against the

hypothesis Hy: a? < 0.09

Solution:

F=0337 5P=00028677...
H, o°=00% H,:o<00%
Critical region < 2700
(r=1)s" _ §x00028677

Test statistic = =
e} 009

The test statistic iz in the critical region.

=0.287

There iz evidence to suggest that variance iz less than 0.09,
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Exercise E, Question 3

Question:

The following random observations are taken frotm a normal distribution which 1z

thought to have a variance of 4.1:
2.1, 23, 35,46, 50, 64, 7.1, 86, 87, 9.1

Test. at the 2% significance level. the hypothesis H: o = 4.1 against the hypothesis
H, ¢*=41

Solution:

H, o’=41 H: o' #41
FESq4  Bh=E040y,
Critical region = 2.7 and = 19.023

m 2
Tesmpstaipe Y e B e 15005
o] 4.1

The test statistic iz not in the critical region,
There iz no evidence the variance does notequal 4.1,
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Question:

It is claitned that the masses of a particular component produced in a small factory are
normally distributed and have a mean mass of 10 g and a standard dewviation of 1.12 g
A random sample of 20 such components was found to have a variance of 1.15 g

Test. at the 2 % significance lewel, the hypothesis H g? =1.12* against the
hypothesis H,:o® =1.12°

Solution:

H, o°=112> H,:0" #1.12*
Critical region < 8 907 and = 32 552
(r=1s” _ 19115

Test statistic= = = =1741%
(o] 1.12

The test statistic 15 not in the critical region
There 1z no evidence the variance does not equal 1.12
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Exercise E, Question 5

Question:

Eollers for use in roller bearings are produced on a certain machine. The rollers are
supposed be normally distributed and to have a mean diameter () of 10 mm with a
variance (o°) of 0.04 mm?.

A random sample of 15 rollers from the machine have their diameters, x in
millimetres, measured. The results are summarizsed below:

S x=149.941 > &' =149883
a Calculate unbiased estimates for @ and o° .
b Test at the 5% zsignificance lewvel,
1 the hypothesiz @ =10 against the hypothesis @ ==10, using vour estimate for
o® as the true variance of the population
il the hypothesiz o° = 0.04 against the hypothesis o° = 0.04

Solution:
i 2
a x= L =999 5= e ]11/9'996"' =0.0006977 ...
s =0.0264

bi H:u=10 H;:u=zl0
Critical region = —2.145 and > 2,145,

T i _ 9.996.—10
s 00264

n Jis
The test statistic 12 not in the critical region
There 1z no evidence that the mean does not equal 10
i H:o*=004 H,:0® 2004
Critical region <5 629 and = 26 119
(r—1)s* _ 14x0.0006977

o’ 0.04
This ig in the critical region
There is evidence that the variance i not 0.04
Tt iz less than 0 04 which 1z good in this context because it means that there i3 wery
little wariability.

Test statistic = =—0.587 {or <0577 of full calculator accuracy used)

Test statistic= =[] 244
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Exercise E, Question 6

Question:

The diameters of the eggs of the little gull are approximately normally distributed with

mean 4 11 cm with a variance of 0 1% cm?

A osample of B little gulls eggs from a particular island which were measured had
diameters in centimetres as follows:

44,45, 41, 39 44, 46, 45, 4.1

Calculate an unbiased estimate for the wvariance of the population of little gull egge
on the 1zsland.

Calculate an unbiased estimate of the mean diameter of the eggs and, test, at the 5%
lewel, the hypothesis @ =4 11 against the hypothesis po>=4.11

Test, at the 10% significance level, the hypothesis o = (.19 against the
hypothesis o = (.19

Solution:
a & =006125
b ¥=473125

H,:p=411 H;:p=411

Critical region = 1,395

T—p_43125-411
s J0.06125

N Nz

The test statistic 1z in the critical region

The mean weight 15 greater than 4.11

Test statistic = =23143

H,:0’=019 H,:0® #0.19
Critical region = 2 167 and = 14 067
(n—-Tig* _ 7x006125

o’ 0.19
The test statistic iz not in the critical region,

Test statistic= = 2256

There is no evidence that o does not equal 0.19
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Exercise E, Question 7

Question:

Climbing rope produced by a certain manufacturer 15 knowsn to have a mean tensile
breaking strength () of 1702 kg and standard deviation 10.5 kg The breaking
strength of the rope 1z normally distributed.

A new component 12 added to the material which will, it 1z claimed, decrease the
standard deviation without altering the tensile strength. & random sample of 20 pieces
of the new rope is selected and each is tested to destruction. The tensile strength of
each piece iz noted The results are used to calculate unbiased estimates of the mean
strength and standard deviation of the population of new rope. These were found to be
1724 kgand B85 kg

a Test at the 5% lewel whether or not the variance hasz been reduced.

b What recommendation would you make to the manufacturer?

Solution:

a Hy:o"=11025 H, ¢ =110.25 10.5* =110.25
Critical region < 10117

e 2 2
Test statistic = (72 12:'5 o 19x 8.5
o 110.25

The test statistic 1z not in the not critical region
There 15 no evidence that the variance has reduced.

=12.451

b Take a larger zample before committing to new component.
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Exercise F, Question 1

Question:

A random sample of 14 cbservations is taken from a normal distribution. The sample

has a mean % =30.4 and a sample variance s =36,
It 1z suggested that the population mean 15 28, Test this hypothesis at the 5% level of
sigrificance.

Solution:

H p==28 H:pu=28

Critical region < —2 160 or = 2 160

- 304-28
By 58,
5 Ta

The test statistic iz not in the critical region

There iz no evidence to suggest that ¢ does not equal 28

Test statshci = =14%67
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Exercise F, Question 2

Question:

A random sample of 8 observations is taleen from a random variable X that is normally
distributed. The sample gave the following summary statistics

S AP =97025 > x=85

The population mean 15 thought to be 10, Test this hypothesis against the alternative
hypothesis that the mean is greater than 10, TTse the 5% lewel of significance.

Solution:

Hy:p=10 H;:p=10
Critical Eegion =1 895

£ =22 10625
2
1 =1 Ca. a
ngz:r Ax} _970.25-8x10.625° o o0
n—1 7
Testimaned B MO0 0 wnany
El 3.539..
Vn 2

not critical — ne ewidence to suggest that p = 10
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Exercise F, Question 3

Question:

sz eggs selected at random fom the daily cutput of a battery of hens had the
following weights in grams.
55, 450, 53, 53, 22, 34
Calculate 95% confidence intervals for
a the mean,
b the wariance of the population from which these eggs were taken,
¢ What assumption have you made about the distribution of the weights of eggs?

Solution:

T=02833.. s=1722...
a confidence interval = | X—ty, 13|r §| /%, Fikl, ”|I‘ %| /%|
L2 AE 7 |

17722 17722 ‘

=I52.833...—2.5?1/ D2 B33 +2571x
| J6 NG

= (51.025,54.641)

—135* =135% Coslio08 Sliioday )
b confidence interval = e ,)S\ (H, Js :‘ ~ : ~
12.832 0.831

_2'[-!" 2 [-'.'l‘I
An-1 §| Al

.1__
2))

= (1.156,17.850)
¢ They are normally distributed.
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Question:

A sample of size 18 was taken from a random variable & which was normally
distributed, producing the following summary statistics,

¥=08 & =049

Calculate 5% confidence intervals for
a the mean,

b the wariance of the population.

Solution:

a confidence interval —| =iy 1]| 5 |

k3 o3 H

9.8+2110x
= |
= (9.451,10.148)

—|98 2 110% 2L

-1)& g ( \
b confidence interval = L !JS\ : (o . s . :‘ 17x0.43 : 17x0.43
e ey e o) L 20191 7.564
A E Aa 1| 1_5 :

= (0.276,1.101)
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Exercise F, Question 5

Question:

A random sample of 14 observations was taken of a random variable & which was

normally distributed. The sample had a mean ¥ =23.8, and a variance & =1.8.
Calculate,

a a 99% confidence interval for the variance of the population,

b a 20% confidence interval for the variance of the population.

Solution:

. (r-1s? (n-1)s? 13%1.8 1331 &)

a confidence interval = . - - =‘ .
N AN o | 247360 5008
A E | A1 1_5 ’ !

= (0.946.4.672)

T IR P X

b confidence interval = in :I:I.S" , (n : 1is ‘ =‘ ]3/1.8,13 x1.8
a ey L, &) | 22.362 5882

A1 E | Al 1_5 : ’

= (1.046,3.971)
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Exercise F, Question 6

Question:

A manufacturer claims that the lifetime of itz batteries 15 normally distributed with
tmean 21.5 hours. & laboratory tests B batteries and finds the lifetimes of these
hatteries to be as follows:

197 184 222 208 16% 253 232 211
Stating clearly wour hypotheszes, examine whether or not thege lifetimes indicate that
the batteries have a shorter tmean lifetime than that claimed by the company. TTze a 5%
lewel of significance. [F]

Solution:

T=2095 s=2674.
Hypu=215 H:p=<215
critical region = —1.895

-y 2095-215

test statistic ¢ = = =-0.5817
est statistic . X2

Jn JB
The test statistic 15 not in the critical region
There 13 no evidence to reject claim
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Exercise F, Question 7

Question:

A diabetic patient monitors his blood glucose in mmol/l at random times of the day
over several days. The following iz a random sample of the results for this patient.

51 58 61 £.8 .2 51 £.3 £.6 £.1 78 5.8 £.5
Assuming the data to be normally distributed, calculate a 5% confidence interval for
a the mean of the population ofblood glucose readings,

b the standard dewiation of the population of blood glucose readings.

The lewvel of blood glucese varies throughout the day according to the consumption of
food and the amount of exercise taken during the day.

¢ Comment on the suitability of the patient’s method of data collection. [F]

Solution:

¥=61916_ s=07549 . & =05699 .

a confidenceinterval = | Xy H‘T g‘ /%, X i 13[‘ %| /ﬁ |
( 07545 | 07545 0

=| 61916, . 2201 ——— &6 1916, +2. 201 ———
| 12 12 ‘

= (5.712,6.671)

T T
b confidenceinterval War = % }}S (meljs

s fe) o, o)
| %l ) 173
_’11- 05699 0 11=0.569% 1
| 21920 3816 |

— (02861 643)
confidence interval 2.4 =(0.535,1.28)

¢ He should measure his blood glucose at the same time each day.
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Exercise F, Question 8

Question:

A woollen mill produces scarves. The mill has several machines each operated by a

different person. Jane has recently started worliing at the mill and the supervisor

wishes to checl the lengths of the scarves Jane 15 producing. & random sample of 20

scarves is taken and the length, x cin, of each scarf iz recorded. The results are

sumimarised as.

S x=1428, > x'=102286

Azsuming that the lengths of scarves produced by any individual follow a normal

distribution,

a calculate a 95% confidence interval for the variance o of the lengths of scarves
produced by Jane,

The mill's owners require that 0% of scarves should be within 10 cm of the mean

length.

b Find the value of & that would satisfy this condition.

¢ Explain whether or not the supervisor should be concerned about the scarves Jane

15 producing. [E]
Solution:
= 2
f=1-428=,“.4 33=102 2B6—20x714 —17.2
0 19
-1 -1y (19x17.2 19x17.2)
a confidenceinterval = I:H :IS gl : =| i : i
L2 e [ e )] | 32852 8.307
.r'f ] 1.__ o .r( n-1 o |
= (9.948, 36.69)
b 10=1644%%7 50 (_'T:L:ﬁﬂ?.g
1.644%9

c +f36.69 < 6079 z0the supervizor should not be concerned.
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Exercise F, Question 9

Question:

In order to discover the possible error in using a stop-watch, a student started the
watch and stopped it again as quickly as she could. The times taken in centizeconds
for & such attempts are recorded below:

1, 13, 14, 10, 13, 8
Azsuming that the times are normally distributed, find 95% confidence limits for
a the mean,
b the wariance. [F]

Solution:

=115 s=2073_.

a confidence interval = |x & 13| | X+L‘.|: 13| |
X » ,\Ill'_
:| 11.5—2.5?1/%,11.%2.5?1/2'0?3"' |
N3 N3
= (5324 13673
1) —1s? (53207307 500754 )
b confidence interval = (z JS” (m, 5 _ =| “ ) “ |
feey o . ) 12832 0831
:‘fxl E An1 ) |

= (1 675,25 8?2)
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Exercise F, Question 10

Question:

A manufacturer claims that the car batteries which it produces have a mean lifetime of
24 months, with a standard deviation of 4 months. A garage selling the batteries
doubts this claim and suggests that both values are in fact higher,

The garage monitors the lifetimes of 10 randomly selected batteries and finds that they
hawe a mean lifetitne of 27 2 months and a standard deviation of 5.2 months.

Stating clearly yvour hypotheszes and using a 5% level of significance, test the claim
made by the manufacturer for

a the standard dewviation,

b the mean,

¢ State an assumption which has to be made when carrying out these tests. [E]

Solution:

a Hj.o=4 H:o=4
Critical regiony® = 16919
(n—115° _ 9% 5,22
2 & 2
le]

The test statistic iz not in the critical region,
standard dewiation could be 4 months

Test statistic= =1521

b Hy:u=24 H,:p=24

Critical region £ =1 833
T—u 272-24
s 52
NN

There 15 evidence to reject H,

Test statistic £ = =1.946

The mean battery life iz greater than 24 months

¢ Lifetime iz normally distributed
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Exercise F, Question 11

Question:

The distance to “take-off” from a standing start of an awrcraft was measured on twenty
occasions. The results are summarised in the following table.

Distance (m) | Frequency
00— 3
70— 5
720— 9
730— 2

740750 1

Azsuming that distance to “take-off” 12 normally distributed, find 5% confidence
interwvals for

a the mean,

b the standard deviation.

It hasz been hypothesized that the mean distance to “take-off’ 158 725 m.

¢ Comment on this hypothesis in the light of vour interval from part a. [E]
Solution:
T=7215 s=10.39%_ .
. [ AT (o) & )
a confidenceinterval =| x— —|x—=.,7T+ k] [
R Rt v
10,399 . 721.5+2.093 10,399 ‘

=|' 721.5— 2.093x

oo 20

= (717,726)

(r=1)*  (2—-135"

b confidence interval variance =

PR (A _t-'.'"
An 15| A 1|1 5
_[(19x10.399 .7 19x10.399. 2
‘ 32852 7 8907 |

= (62.553,230.717)
confidence interval standard dewiation ={7 209 15 159

¢ 725 within confidence interwval,
There iz no ewidence to reject this hypothesis
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Exercise F, Question 12

Question:

The maximum weight that 50 cm lengths of a certain make of string can hold before
breaking (the breaking strain) has a normal distribution with mean 40 kg and standard
deviation 5 kg The manufacturer of the string has developed a new process which
should increasze the mean breaking strain of the string but sheuld not alter the standard
deviation. Ten randomly zelected pieces of string are tested and their breaking strains,
inkg, are:
51,48, 37, 46, 36,53, 34,49 47 30
a Stating your hypotheses clearly test, at the 5% lewel of significance, whether or not
the new process has altered the variance.
In the light of your conclusion to the test in part a,
b test whether or not there 15 evidence that the new process has increased the mean

breaking strain. State vour hypotheses clearly and use a 5% lewel of significance.
¢ Ezplain briefly yvour choice of test in patt b, [E]

Solution:

T=451 s=63838._.
Hy:o=5 H,:o=25

a Cntical region = 19023 and < 2.700

. (»r-1)F 9x6.3838.°
Test statistic = 2 e .
(5]

=16.836

There iz insufficient evidence to reject H;

T=5

b Criticalregion z > 16449

A—-u _ 451-40
a 5
NCRNTi

The test statistic iz in the critical region.

There iz evidence to suggest there iz an increase in breaking strain.

Test statistic =z = =3.225

¢ In athere was no change in & so assume o =3 .. use z not i
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Exercise F, Question 13

Question:

A company knows from previous experience that the time taken by maintenance
engineers to repair a particular electrical fault on a complex piece of electrical
equipment 15 3.5 hours on average with a standard dewiation of 0.5 hours.

A new method of repair has been dewvised, but before converting to this new method
the company took a random sample of 10 of its engineers and each engineer carried
out a repair using the new method. The time, x hours, it took each of them to carry out
the repair was recorded and the data are summarized below:

> x=342 3 =1216

Assume that the data can be regarded as a random sample from a normal population.
a Forthe new repair method, calculate an unbiased estimate of the variance.
b Tse your estimate from a to calculate for the new repair method a #5% confidence
interval for
1 the mean,
1 the standard deviation.
¢ Usze your calculations and the given data to compare the two repair methods in
otrder to adwize the company as to which method to use.
d Suggest an alternative way of comparing the two methods of repair using the 10
randomly chosen engineers, [E]

Solution:

2

A2 zgre oy 32t - ux _121.6-10x342°

a T="— =05151._.
10 n—1 9
. [ T AT (o s )
b 1 confidenceinterval mean =| ¥ ¢, | — | X—, %+, || — | x—
| ] 1.._ ‘ J}; ] 1.__ 9 | '\JI; |
=(342-2262 /%,3.42+2.262 /0'71??"'

7o I
= (2.906,3.933)

(in—1s  (n-115" |

| xe(0.025)° x5 (0.975) |

(9%0.515... 9x0.515...)
=| : \=(0.244,1.?1?)
19.023 2700 |

confidence interval standard déviation ={04%37 13103

n confidence interval variance =‘

¢ 3.5 hours 15 inside the confidence interval on the mean, so there 15 no evidence of a
change in the mean time,
0.5 hours 15 inside the confidence interval on the standard deviation so there is no
evidence of a change in the variability of the time.
There 13 no reason to change the repair method.

d TUse a ‘matched pairs’ experiment, getting each engineer to carry out a similar
repair using the old method and the new method and use a paired £-test.
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