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INTRODUCTION

I. There is abundant evidence that the noise from motor vehicles is a
source of distress to the public, and is indeed often the major source of
annoyance due to excessive noise. In our survey of the problem, we have
reviewed evidence from witnesses, from published data, and from specially
designed experiments, and we have considered :

(@) the state of existing legislation against the noise from motor vehicles,
in this and other countries,

(b) the physical causes of vehicle noise, and the technical possibilities
of quietening motor vehicles, and

(¢) the methods of measurement of such noise, including the relation
between objective measurements and subjective assessments.

A list of the organisations and individuals who submitted evidence, either
written or oral, is given in Appendix L

2. From this evidence we conclude that a considerable amount of motor
vehicle noise could be reduced, without excessive technical difficulty or
disproportionate expense to the community. To bring about this reduction,
we believe that new legislation must be introduced, in which noise limits
defined by instrumental measurement are specified. Our recommendations
outline such legislation.

3. We recommend that numerical noise limits be introduced for new
vehicles, and that the police should measure noise emitted from vehicles on
the road. The fixing of numerical noise !imits has been one of the most
difficult parts of our task. We have had to consider (a) the limitations of
any practical noise-measuring instrumient at present available, (b) the tech-
nical and administrative difficulties of enforcement and (¢) the sometimes
conflicting interests of user, manufacturer and the general public. We
believe that the limits we have suggested are the best immediate compromise,
and that, if they were accepted forthwith, there would be a notable
reduction in the annoyance caused by noisy motor vehicles. We believe
also that after further experience and scientific development some
progressive lowering of the limits might prove to be possible.

4. Throughout this interim Report, we have considered only the noise
from individual vehicles ; we have not separately discussed the general
background of noise, e.g. in the streets of large cities, due to the sum of
many vehicles.

5. The main body of the Report is in the following sections :—
I. Existing legislation (paras. 6-10).
II. The causes of vehicle noise (11-18).
111. Methods of measurement of vehicle noise (19-25).
IV. The choice of noise levels (26-40).
V. Conclusions and recommendations (41-63).
|



SECTION 1

EXISTING LEGISLATION

6. All the types of noise produced by single vehicles, except noise
from slamming doors, are subject to control in Great Britain under the
Motor Vehicles (Construction and Use) Regulations, 1955, made under
sections 3 and 30 of the Road Traffic Act, 1930 (consolidated in the Road
Traffic Act, 1960). There are no regulations to control the total noise
emitted by a group of vehicles, none of which by itself is ** unreasonably ™
noisy, i.e. traffic noise. The regulations are set out in Appendix IL

7. The enforcement of these regulations is the responsibility of the
police, whose evidence to us was that their chief difficulty was the absence
of defined, measurable, standards of what constitutes excessive noise under
Regulations 81 and 82. In the absence of such standards, prosecutions
were rarely attempted in some areas unless the machine which, in a police
officer’s opinion, was causing excessive noise, was found on examination
not to have a silencer or to have a silencer which was corroded or damaged
s0 as to render it ineffective. One police force had experimented with the
use of sound level meters as an aid to the enforcement of the regulations.
Although they felt that the publicity that they received had a salutary effect
in the area, the convictions that they obtained were largely on the evidence
that, in the opinion of the police oificers concerned in each case, the noise
Was excessive.

8. The annual number of offences against these regulations and the
numbers of vehicles registered in England and Wales in the years 1936-1938,
and 1946-1960 were supplied to us by the Home Office and the Ministry of
Transport and are set out in Appendix III. Separate figures of the offences
against each regulation were not available. No statistics of offences in
Scotland were obtainable.

9. Many countries abroad have legislated against the noise from motor
vehicles, and have regulations controlling their construction, maintenance
and use in this regard. Some of these regulations rely on the subjective
opinion of a police officer on what is * excessive ” ; others adopt instrumental
measurement in specified conditions. There is, however, a very considerable
variety in the regulations and methods specified ; and it is largely for this
reason that the International Organisation for Standardisation (ISO) has
been active in the past few years in promoting an international standard
for methods of noise testing, in the hope that all countries will incorporate
these methods in their own legislation. We discuss these testing methods at
greater length in paragraphs 21-24.

10. In spite of some enquiries abroad, we have been unable to find
any convincing evidence of the degree to which noise legislation in other
countries may be judged to be successful, nor how much it costs to enforce.

SECTION 11

THE CAUSES OF VEHICLE NOISE
Propulsion noise

‘ 11. The noises from engines, exhausts and transmissions result essen-
tially from the mechanical propulsion of the vehicle and cannot readily be
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differentiated by an ordinary observer, or measured separately. For most
of this Report they are considered together as a single type of noise.

12. Many vehicle manufacturers have done a great deal, not necessarily
in a fully scientific manner, to reduce the emission of noise ; in fact, they
are among the few large-scale manufacturers of machinery who have, over
many years, regarded the reduction of noise as an important part of their
business. Nevertheless, there is clear evidence that, amongst certain classes
of vehicles, noise levels are higher than they need be with the knowledge
at present available to manufacturers and, indeed, in a few cases, the emission
of exhaust noise of special character appears to be a deliberate part of the
design for sales purposes.

13. The reduction of exhaust noise is usually a fairly clear-cut acoustic
problem, whose theoretical solution is known; but the practical solution
may involve the manufacturer, or the purchaser, in a penalty serious in cost,
weight, bulk, or loss of performance. A considerable amount of work
has been done on this subject ; a bibliography is given in Appendix IV. We
consider, however, that more work is needed, and that in addition manufac-
turers should be encouraged to take better advantage of existing knowledge.

14. When, however, the noise from the engine mechanism itself is
as great as that from the normally-silenced exhaust (as happens at present
with some high-performance motorcyles and many diesel engined vehicles),
the problem is more difficult. Existing knowledge of the basic causes of
this kind of noise is by no means complete ; and its effective control might
involve radical redesign of the engine or thorough enclosure, with very

serious penalties in cost and weight. We feel that more engineering research
is needed here.

Horns

15. Noise from motor horns does not seem to cause widespread annoy-
ance and, in general. drivers appear to use them with restraint. However,
at times they are sounded in circumstances in which their use is not justified,
although not prohibited by the present law, which provides only that they
shall not be sounded in built-up areas between 11.30 p.m. and 7.0 am. or
when wvehicles are stationary. We recommend therefore that the use of
horns, except when necessary to avoid danger, should be forbidden at all
times in built-up areas, as it is already in some continental cities.*

Brake squeal

16. It is not known how much annoyance is caused by brake squeal, but
it can be disturbing especially to people living near bus stops, traffic lights
and other places where vehicles use their brakes frequently. Recent work
by the Motor Industry Research Association has shown that, during brake
squeal, the brake components are in a state of high frequency vibration.
There is no known method of preventing the excitation of these vibrations,
but they. and, in consequence, brake squeal, can be substantially reduced
by the introduction of damping into the brake mechanism,

.

* We do not, of course, intend this recommendation to apply to fire brigade, salvage corps,
ambulance, or pnlice vehicles, in circumstances in which they are now exempt from the pro-
visions of Regulation 84 of the Construction and Use, Regulations, 1955,
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Door slam

17. There is evidence of a good deal of annoyance from the noise of
car doors being slammed. We were impressed by the effort that the
principal British manufacturers of door locks are putting into their attempt
to minimize noise from vehicle door slam. It seems doubtful whether much
more progress can be made without fundamental changes in the design
of car bodies and door seals except, possibly, in the reduction of body
resonance. Perhaps the most effective immediate mitigation could come from
educating the public to use less force in shutting vehicle doors. Many
of them at present use unnecessary force and, in doing so, cause permanent
distortion of the vehicle body and make subsequent closing a still more noisy
operation.

Loads

18. There has been some evidence of annoyance from noise from vehicle
loads, or, in the case of tankers, from the absence of loads. The maximum
noise levels which we recommend for roadside tests would apply to the
total noise produced by a vehicle, including noise caused by the load. It
would, however, be advisable to retain the existing regulation making it
an offence to cause excessive noise as a result of the faulty packing or
adjustment of the load.

SECTION III
METHODS OF MEASUREMENT OF VEHICLE NOISE

19. Our interest in the methods of measurement of vehicle noise, with
which much of this Report is concerned, was stimulated by the difficulties
in enforcement, already mentioned in paragraph 7, which may be expected
whenever prosecution depends essentially on subjective opinion. Unfor-
tunately, the measurement of any subjective conception, such as “ loudness ™
or “annoyance”, in numerical terms, sets many problems. Appendix V
explains something of the scientific background to such measurements, and
describes the scales used.

20. The definition of quantitative limits of noise for motor vehicles has
been under consideration, by the Ministry of Transport and by the motor
vehicle industry in this country, and in other countries, for many years.
There are considerable difficulties in finding a procedure for test and a
method of measurement which give reliable and repeatable results. Work
on these problems, both in this country and abroad, is well advanced ; and,
indeed, some countries have already introduced noise limits. There is,
however, considerable variation in the test procedures, the maximum levels
and the units in which the levels are expressed.

21. In dealing with standards for motor vehicles, which are exported
and imported widely and are used extensively in countries other than those
in which they are owned, international agreement is important, and a
working group was set up by the Acoustics Committee of the ISO to con-
sider the possibility of establishing a standard test procedure in noise
measurement. Early in 1960 the ISO submitted to member bodies a draft
recommendation for measuring the noise emitted by motor vehicles, (Draft
ISO Recommendation 419—October, 1960).

4
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22. The draft recommendation contained proposals for a test made with
the vehicle accelerating at full throttle, which was designed to reproduce
the maximum noise potential of the vehicle, and for a stationary test
which was included in recognition of the existing use of stationary tests
in some countries. Work which had been done in this country by the
Motor Industry Research Association, in conjunction with the Ministry of
Transport and the National Physical Laboratory, has shown that a test on
the vehicle while it is accelerating is suitable and practicable, and is superior
to either stationary tests or tests of vehicles at constant speed. It is found
capable of producing repeatable results, Lo be simple to carry out and, with
the great majority of vehicles, to give a reasonable indication of their
maximum noise potential. Stationary tests appear to be of little value
unless the engine can be operated under load, and the provision of power
absorbing equipment for all types of vehicle is impracticable. Stationary
tests without load do not represent a realistic condition and no simple
relationship appears to exist between the unloaded stationary test results
and the results obtained with similar vehicles in moving tests. Tests of
vehicles at specified constant speed, using the appropriate gear and throttle
setting to obtain the specified speed, give repeatable results, but the noise
emitted is not related to the maximum noise potential of the wvehicle in a
simple manner. Similar tests using full throttle and controlling the speed
with the brakes give repeatable readings and realistic noise levels but impose
excessive strain on the vehicle ; and, in some high powered vehicles, over-
heating of the brakes, and even brake fade, occurs after a number of
test runs.

23. After an examination of the various procedures for tests of vehicle
noise we concluded that the accelerating vehicle test which was suggested
by the working party of the ISO and subsequently adopted by the British
Standards Institution (BS 3425: 1961) provides a reasonable basis for
measuring the noise of vehicles. However, this method specifies particular
environmental conditions, and an ideal site for its use should be an open
space of some 50 yards radius with an ambient noise level at least 10 decibels
(dB)* below that produced by the vehicle under test. It also requires the
vehicle to be driven in a closely specified manner. It is clear, therefore,
that it could be used to the full only on carefully selected sites and could
not be used in its entirety for measuring noise of vehicles on the road. It
does, however, provide a method which is suitable for measuring the
maximum noise potential of new vehicles.

24. Most vehicles are, of course, rarely accelerating at full throttle, and,
therefore, producing their maximum noise potential. Traffic noise is made
up of noise from vehicles under many driving conditions and, away from
the centres of towns, most of them will be maintaining a relatively constant
speed. In general, too, a relatively high powered vehicle probably uses its
full power far less frequently and is usually using a lower proportion of its
available power, than a vehicle of markedly lower power. It could, there-
fore, be argued that a maximum noise limit measured under conditions of
full throttle acceleration is unfair to the higher powered vehicle. We agree
that there is force in these arguments. Nevertheless, we consider that it is

* A glossary of technical terms is contained in Appendix V.
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important to control the potential noise from a vehicle, and that the condi-
tions of acceleration prescribed in the British Stanf:'lard procedure will be
the best compromise, in practice, among many possible conditions.

25. The British Standard to which we refer above (paragraph 23) is
reproduced in Appendix VL*

SECTION 1V

THE CHOICE OF NOISE LEVELS

26. Having concluded that a satisfaciory method of measuring the
maximum noise potential of most vehicles was available, we had next to
consider what noise level, or levels, should be chosen as the maximum that
any vehicle should be permitted to make when measured by this method.
In our view the factors which should ideally govern this decision are :—

(@) what level of noise is acceptable to the ordinary public ;

(b) what levels could be attained by manufacturers within the limits
of existing knowledge :

(c) the cost of achieving a noise limit at a given level ;

(d) the practice in other countries (in view of the importance of the
export trade in vehicles, and of the importance of international
standardisation) ;

(e) the practical aspects—the availability of suitable measuring instru-
ments, and the simplicity of the procedures involved.

Level of noise acceptable to the public

27. Of these factors, perhaps the most debatable is (a}—what level of
noise is “ acceptable ”? It would be very unlikely that an “ acceptable
motor-car would be as quiet as an * acceptable™ sewing-machine, for
example ; and though much work has been done in recent years on the
psychological aspects of noise, we were unawarz of any method of fixing,
a priori, any levels of vehicle noise which could be called * acceptable ™.

28. A further complication was the uncertainty of correlation between
subjective judgments of loudness or annoyance and the readings given by
any available type of noise-measuring instrument. Failing any better
instrument, the BSI had specified the use of the sound level meter employing
* A" weighting (see Appendix V) in its recommendations ; but the limita-
tions of the instrument are well known to those expert in acoustical
measurement.

29. An investigation was carried out recently in this country (ref. 1) by
the Mational Physical Laboratory and the Ministry of Transport to deter-
mine more precisely the probable uncertainties of this instrument when
used to compare the measured noise from motor vehicles with subjective
assessments by a jury of listeners. Comparison of the results of this

. * B.S. 3425: 1961 ** Method for the Measurement of Noise Emitted by Motor Vehicles ™
is reproduced by permission of the British Standards Institution, 2, Park Street, London, W.1.
from whom copies of the standard may be purchased.

6



experiment with the results of superficially similar ones carried out in
Switzerland and the USA showed, however, that there was significant dis-
agreement between the results of all three in the particular levels of noise
measured (using “ A" weighting network) which were subjectively rated as
“ acoeptable .

30. The National Physical Laboratory and the Motor Industry Research
Association therefore carried out another experiment, at our request, using
a wide range of noises emitted by motor vehicles, to determine with greater
precision the relationship between subjective ratings and meter readings
using *“ A" weighting, and to provide information on the relative accept-
ability of the noise emitted by different classes of vehicles.

31. A report of the experiment is contained in Appendix VIL.* Its main
features were that the noise sources employed were 19 production vehicles
of different makes, each driven in six different conditions, and the subjective
ratings of the vehicle noises were made by a panel of 57 observers. Each
observer made 150 subjective ratings, representing 114 different vehicle
conditions and 36 repeats. The results, summarised in Table I of
Appendix VII, showed a fairly good correlation between subjective and
objective measurements for private cars and commercial vehicles. The
results for motor cycles showed greater dispersion, largely due to short-
comings in the sound level meter, which was not significantly improved by
sub-classification into 2-stroke and 4-stroke or into single and twin cylinder
machines. These results were compared (Table II of Appendix VII) with
those of the investigation referred to in paragraph 29, which used normal
main road traffic, and they showed a close similarity.

32. This good agreement encourages us to believe that an average jury
will agree reasonably well in their estimate of such words as * quiet”,
* acceptable ”, and “ noisy ', when they are asked to make judgments as
detached observers ; and also reinforces our belief that the discrepancies
with work in other countries arise from the differing background and
general attitude of the listening panels who took part in this work. We
feel also that in these experiments the nearest practicable approach has
been made to a measurement of the opinion of the man in the street.

33. We must, however, emphasise one fact which cannot be avoided.
It will be seen from the results given in Appendix VII that the meter
used for measurement does not agree exactly (in the order of noisiness
in which it places vehicles) with the judgment of the jury. In view of
this, the fixing of any level on the meter as a legal maximum must impose
some degree of injustice on the owners of some vehicles (which read higher
on the meter than do others which, judged subjectively, are equally noisy)
and must permit more noise from others than is intended (from wvehicles
which read lower on the meter than others which are equally noisy).

34, This point is perhaps made clearer by a diagram, which represents
schematically the type of results which are given fully in Appendix VIL

* A similar report on this experiment was published in “ The Engineer ™ on the 30th June,
1961,
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JURY
JUDGMENT L

NOISY ]
QUIET l

—_— METER READING
INCREASING

Each point on this diagram represents an average judgment by the jury
of a particular vehicle, plotted against the corresponding meter reading.
Let some line A-A represent the maximum noisiness which we think
should be allowed. This intersects the average meter reading line at B,
say. The point C, vertically below B, therefore defines the maximum
meter reading which is to be permitted. But now vehicle X, though, in
fact, quiet enough, will fail the test : and vehicle Y, though noisier than X,
will pass the test

35. The choice of any particular point on the jury judgment scale for
guidance on permissible levels of noise from vehicles is, of course, a
matter of opinion. We might, for example, choose the boundary between
“acceptable ” and “ noisy” for the average listener (i.e. the point “5”
on the particular jury judgment scale used in the experiment described
in Appendix VII). Then purely on the evidence of this experiment the
following would be the average readings on the sound level meter :—

Diesel engined vehicles ... 80-5 dBA
Petrol engined vehicles ... 795 dBA
Motor cycles . 825 dBA

Alwmatw:ly. we might decide that a vehu:Ie should not pass a test if
judged * noisy ™ or worse (point * 6™ on the scale). The corresponding
figures would then be:—

Diesel engined vehicles ... 84 dBA
Petrol engined wvehicles ... 84 dBA
Motor cycles . 875 dBA

These figures do not differ wxdciy frc-m those which we recommend for
present adoption (see paragraph 44) on other considerations.

Levels attainable in practice

36. Passing now to consider (b) of paragraph 26, we heard evidence from
the Society of Motor Manufacturers and Traders and from the British
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Cycle and Motor Cycle Industries Association Ltd., which satisfied us
that there are no technical objections to the introduction of noise limits
at reasonable levels and that the accelerating vehicle test proposed by the
ISO would be generally acceptable,

37. The Society’s evidence was that a maximum limit of 85 dBA under
the conditions of this test was the lowest that would be practicable for
diesel engined commercial vehicles al the present time. The reason for
this is that the level of mechanical noise caused by the engines of these
vehicles, as distinct from exhaust noise, was little below this figure, so
that further reduction of exhaust noise would have no appreciable effect
on the total noise level, and the predominant noise would then become
that of the engine. Comparatively little is known about the reduction of
engine noise ; indeed, the sources of predominant noise in diesel engines
‘have not been fully established, and to effect any substantial reduction
aight involve a revolution in engine design, which might take some years
to achieve. At present most private cars emit noise of less than 85 dBA
under the conditions of the test. In the Society’s view, manufacturers of
sports cars would suffer the greatest penalties if noise limits of this order
were introduced, because their policy was to give greater importance than
saloon car manufacturers to achieving the maximum possible power,

38. The Association’s evidence was that for motor cycles a limit of
90 dBA was the lowest that could be achieved at present, and even this
figure would be particularly difficult to achieve in the case of the four-
stroke twin cylinder machine. Any limit substantially lower would be
impossible for these machines and could only be achieved for other four-
stroke machines at considerable cost and with substantial loss of perform-
ance. A lower limit might be practicable for two-stroke machines. The
Association emphasized the importance of the large capacity machine in
the industry’s exports. They said that to achieve a substantially lower
level than 90 dBA for these machines would involve modifying the engines
as well as the silencers.

Cost

39, On the question of the true cost of achieving a noise limit at any given
level (¢) of paragraph 26, we found it beyond our competence to
obtain really positive evidence. The view wof manufacturers of motor
vehicles is already implied in paragraphs 37 and 38 ; we were not able to
obtain specific figures, for example for high-performance sports cars, on
the relation between, say, 5 dBA reduction in exhaust noise, and the
increase in cost and diminution in performance. The value of sports cars
exported in 1960 was over £30,000,000; and of motor cycles of over
250 c.c. engine capacity, £3,700,000. It is indeed difficult to estimate what
fraction of this might be lost by the need for alternative designs or special
fittings. The cost (e.g. in purchase price) to the vehicle owner in this
country, if our recommendations are adopted, is not in our view likely to
be serious for the large majority of wvehicles; but, of course, if the
limits we are suggesting were to be considerably reduced, this cost might
rise very steeply and indeed prohibitively, to the point when most diesel
engined vehicles, sports cars and motor-cycles were, in effect, banned
from the roads. A further item of cost to bear in mind is that of adminis-
tration and enforcement of noise limits ; we have sought no evidence on
this point.

9
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Practice in other countries

40. We have examined the information available on the quantitative noise
limits introduced in other countries [(d) of paragraph 26]. Unfortunately,
the methods of test used, most of which were introduced before the ISO
proposals were drafted, vary considerably and no comparison with them is
fruitful. As far as we are aware, France is the only country which has
adopted limits for noise from motor vehicles using a test procedure which is
similar to that set out in British Standard 3425:1961. However, the French
method differs from the British Standard method in the way in which the
gear ratio and initial speed of the vehicle are chosen, and the noise limits
are different from those that we recommend. Tests have been made by the
Motor Industry Research Association on a selection of British vehicles
using the BS method and our proposed noise levels and the French pro-
cedures and noise levels. These tests have shown that, generally, the two
sets of requirements would pass or fail the same wehicles, but that the
French requirements are likely to be a little more onerous than our proposals
for commercial vehicles and a little less onerous for high performance
cars and motor cycles.

SECTION V
CONCLUSIONS AND RECOMMENDATIONS

41. We have considered it of the greatest importance that any recom-
mendations made should be simple to administer and should be related to
existing measuring instruments and to procedures in which some experience
already existed. No worse service to the cause of noise control could be
done than to attempt to impose regulations which could not in fact be
administered and which did not carry the support of public opinion.

42, We were informed by the Ministry of Transport that they had con-
sidered, and had discussed with representatives of the motor cycle manu-
facturing industry, the possibility of introducing quantitative noise limits
for motor cycles by voluntary agreement within the industry. While the
manufacturers expressed willingness to co-operate in this way, there was
some fear that those who achieved reductions of noise at the expense,
perhaps. of some reduction in power output, coupled with higher costs,
might be placed at a disadvantage if other firms ignored the agreement.
They felt that an obligatory upper limit binding on all manufacturers would
be preferable.

43. We have considered whether different maximum noise limits should
be fixed for different types of vehicles. We have concluded that, in prin-
ciple, different limits would be justified only if they reflected the differing
performance of the sound level meter for different types of noise. The
experiment conducted by the National Physical Laboratory and the Motor
Industry Research Association which is referred to in paragraph 30 et seq.
did, in fact, show that, for equal noise judged subjectively, the meter reading
was higher for motor cycles than it was for cars and commercial vehicles.

New vehicles

44. Bearing in mind the considerations of paragraphs 26-40, we there-
fore recommend that legislation should be introduced to provide that, after
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one year from the date of enactment, all new vehicles should be so designed
and constructed that, when using the test procedure set out in BS 3425: 1961,
the following noise levels shall not be exceeded: —

All vehicles excepting motor cycles and other

mechanically propelled two wheeled vehicles ... 85 dBA
Motor cycles and other mechanically propelled
two wheeled vehicles - 90 dBA

These levels should apply to all vehicles whlch are licensed to travel on
the road, except for those special types, such as fighting vehicles, for which
the Minister of Transport may grant exemption, as he does from the
existing regulations.

45. These values are significantly higher than those which would be
fixed purely on the basis of * acceptability ” for the average listener and
the average vehicle (paragraph 35). The choice of limits at any level is,
however, necessarily a compromise between what is desired by the public
and what is technically possible, at a reasonable cost, at any point of time.
We consider that the levels which we propose are the lowest that can be
recommended at the present time, (a) without penalising certain types of
vehicle through the deficiencies of the available measuring instruments
(paragraphs 33 and 34): (b) to fit in with what is immediately technically
possible for new vehicles (paragraphs 37 and 38). We emphasize that the
levels refer to the maximum noise which a vehicle can normally make ; and
in ordinary road conditions, the wvehicle, properly driven, should seldom
make this noise.

46. Most people have a fairly clear idea in their mind of what is a
“quiet™ and what is a “ noisy " vehicle ; and the limits suggested in para-
graph 44 can be considered in their right perspective by comparison with
the following figures obtained for particular vehicles in the MIRA tests: —

Luxury limousine ... 77 dBA
Small passenger car L A
Miniature passenger car ... .7 .
Sports car ... 9]
Motor cycle 2 cylmder 4 stmke 94
Motor scooter | cylinder 2 stroke ... 80

47. Special comment is needed on the apparently more favourable treat-
ment suggested for motor-cycles—regarded by some as the prime cause
of noise nuisance ; no favour has, in fact, been shown. We choose the
higher figure because of (a) the consistently higher reading on the sound
level meter {(about 3 dBA) given by motor-cycles as compared with four-
wheeled vehicles which were judged equally noisy and (b) the bigger scatter
of results in the motor-cycle measurements [in the 1959 experiments, for
example, (ref. 1) a total variation of 15 dB was needed to cover all motor
cycles of the same loudness, compared with 9 dB for private cars and
commercial vehicles]. In other words, the 5 dBA difference we suggest is
due to the defects of the only kind of meter which is available at present.
If a “ perfect” meter existed, i.e. one agreeing exactly with subjective judg-
ments, we should recommend an identical figure for both classes of vehicle.

11
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48. We consider that these maximum permissible limits for new vehicles
should be reviewed from time to time in the light of technical progress.
We recommend that the first review should take place in time for any
practicable reduction to be introduced not more than five years from the
date at which the limits that we recommend come into force.

Yehicles on the road

49. We turn now to the control of noise from vehicles on the road.
We have received evidence that certain types of silencers deteriorate in
use, before they finally fail, with the result that a vehicle may emit more
noise than when it was new. Similarly, bad maintenance, accidental
damage or deliberate interference to silencing systems can have the same
result. In our view it is, therefore, also necessary to lay down quantitative
noise limits for vehicles when in use on the road.

50. The appropriate noise limits would, however, be affected by the
method used for enforcing them. We have considered three ways in which
this could be done :(—

{a) by requiring a vehicle which appeared to be making excessive
noise to be taken to a designated place at which the vehicle could
be tested using the procedure for new vehicles ;

(b) by requiring a vehicle which appeared to be making excessive
noise to be taken immediately to a road which provided a suitable
environment and to be tested there using a procedure as similar
as possible to that for new vehicles ; and

(c) by measuring the noise made by a vehicle on the road, having
provided that it should be an offence for the noise emitted by
the vehicle to exceed a given level in any circumstances.

51. Our own preference is for method (¢). Both the other methods
would present greater practical difficulties and would also have the dis-
advantage that the noise level measured in a formal test would not
necessarily be that which the vehicle was emitting when a police officer’s
attention was drawn to it. Whatever method is chosen, we consider that
it should be an offence for a vehicle to emit more noise than that which
we recommend as a maximum for the same type of vehicle when new.

52. We should point out, however, that if the noise from a vehicle is
to be measured on the road, it may, in certain circumstances (e.g. near
reflecting walls and buildings) give a higher reading on a meter than it
would do on an open site such as is specified for the BS test. Tests
have been made by the Ministry of Transport to determine this effect, and
have shown that wide variations can occur ; but the differences between the
readings on an open site from a vehicle with a silencer in good condition
and those from a similar vehicle on a roadside site which is reasonably
free from enclosing reflecting surfaces is small and would be covered by
an allowance of 3 dB in most cases.

53. We recommend, therefore, that the police should measure the noise
made by motor vehicles on sections of road which provide a suitable
environment for measuring noise, using that part of the BS procedure which
relates to measuring instruments and their position. Under these conditions
it should be an offence for the noise measured to exceed by more than
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3 dB the levels in force at the time for new vehicles. Time must be
allowed for existing vehicles to be modified and we consider that the
measurement of noise from vehicles on the road should start two years
after the enactment of the empowering legislation.

54, Some experience and training will be necessary to enable the police
to choose suitable sites, and we recommend that the roadside sites used
for measurement should be approved by the Minister of Transport.

35. We recognise that the enforcement of numerical noise limits upon
vehicles on the road is bound to raise many problems. It is also difficult
to forecast what effect this would have in practice in reducing the noise
of traffic. Both the procedure and the allowance for measurement on road-
side sites suggested in paragraph 53 should, therefore, be regarded as
experimental and we recommend that they should be reviewed not more
than three years after their introduction.

56. It has been suggested to us in evidence that the introduction of
maximum noise limits for vehicles on the road may weaken the control
of noise, because the police would be able to prosecute only on the
evidence of a meter reading, and the number of measurements that they
could make would be limited. Also, they would be unable to proceed
against a driver who was making noise which was unnecessary but did
not exceed the defined limits. QOur purpose in recommending quantitative
limits is to add to the effectiveness of the law, but this purpose will not
be served if the limits are permitted to create a public impression that any
noise that cannot be proved to exceed them is acceptable. All unnecessary
noise is unacceptable. If a vehicle user is so operating his vehicle that it
creates unnecessary noise, for example, by “revving™ the engine while
stationary, we recommend that he should be liable to prosecution.

Effect on noise from motor vehicles

57. We have attempted to forecast the probable effect on present-day
traffic of adopting our recommendations forthwith. Unfortunately, no
measurements exist from which this effect can be at all closely estimated.
The 1959 measurements (ref. 1) were made on a sample of mid-week traffic
on a fairly fast main road. Vehicles were selected for measurement so
as to give as wide a range as possible of subjective judgment, from “ quiet ”
to * excessively noisy ™ ; there was no intention of making a statistically
random selection., Eight of the 197 cars and commercial vehicles and
3 of the 28 motor-cycles measured exceeded the limits recommended in
paragraph 44 plus the maximum allowance that we suggest in paragraph 53,
In the conditions of this experiment a particularly noisy vehicle would
almost certainly have been selected for measurement ; on the other hand,
it 1s not likely that many of the vehicles observed were running at full
throttle, and worse conditions for noise nuisance occur, for example, when
accelerating away from traffic lights.

58. Better evidence is perhaps obtained from a summary of the
measurements which have been made at MIRA on vehicles under BS test
conditions (ref. 2). Here the vehicles were chosen to cover a wide range
of performance, size, cost, etc. ; though, again, the choice bears no relation
to the frequency with which any particular type of vehicle runs on the
road. It was found that 7 private cars out of 30 types tested, 8 out of
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18 types of commercial vehicles, and 11 out of 27 types of motor-cycles,
would have failed to pass the BS test for new vehicles, at the limits
we have recommended.

59, The maximum noise levels recommended in paragraph 44 are those
that we regard as reasonable in the light of conditions and knowledge that
exist at this time. We wish to emphasize that we believe that the enforce-
ment of these levels would considerably reduce the number of noisy
vehicles on the road, even though (as paragraphs 57 and 58 show) we
cannot estimate this reduction closely. Nevertheless, we intend that these
levels should be regarded as first steps and we recommend that they should
be progressively reduced so that vehicle noise becomes inoffensive to an
increasingly large proportion of the population. Lower levels could be
chosen if the instruments available for measuring noise reflected people’s
subjective reactions more precisely, and if technical knowledge on means
of noise reduction was at some points more exiensive.

Research

60. The inadequacies of present types of meters have been stressed.
We recommend that further research should be directed towards the
development of a meter which is better suited to the measurement of
vehicle noise than those that are available at present.

61. The evidence that we have received indicates that there is at present
inadequate understanding of some of the basic principles involved in
reducing noise from motor vehicles. Further reductions in noise levels
are dependent upon the development of understanding of these principles.
We therefore recommend that further research should be directed towards
increasing knowledge of the principles of reducing noise from motor
vehicles.

Contribution by drivers

62. As final comment, we consider that the greatest contribution towards
reducing the annoyance caused to the public by noise from motor vehicles
must eventually be made by drivers themselves. The moise made by a
vehicle is largely controllable by its user. We recommend that every
possible means should be employed to educate all drivers in careful,
considerate use of their vehicles.
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SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS

64. Noise from motor vehicles is a source of distress to the public.
A considerable amount of this noise could be reduced (paras. 1 and 2).

65. We recommend that the use of motor horns, except when necessary
to avoid danger, should be forbidden at all times in built-up areas (para. 15).
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66. The chief difficulty in the enforcement of the present law controlling
propulsion noise from motor vehicles is the lack of numerical definition of
* excessive noise " (para. 7).

67. A satisfactory method of measuring the maximum noise which a
vehicle can emit is available (paras. 19-25).

68. The choice of the noise level which should be the maximum per-
mitted involves striking a balance between the levels which would be
acceptable to the public, present knowledge of reducing vehicle noise,
cost, the practice in other countries and the availability of suitable instru-
ments (para. 26). The levels of noise which are acceptable to the public
were investigated (paras. 27-35). Evidencs was obtained from the manu-
facturers on the lowest noise levels that were practicable (paras, 36-38);
cost was considered (para. 39); and the practice in other countries was
examined (para. 40).

69. We consider that different limits for different types of vehicles would
be justified only by the differing performance of the sound level meter for
different types of noise (para. 43).

70. We recommend that legislation should be introduced to provide
that, after one year from the date of enactment, new vehicles should be
s0 designed and constructed that, when tested in accordance with British
Standard 3425: 1961, their noise levels do not exceed the following:—

Motor cycles 90 dBA
Other vehicles ... e 85 dBA (para. 44).

71. We consider that these maximum perm:ss.lbie limits for new vehicles
should be reviewed from time to time in the light of technical progress.
We recommend that the first review should take place in time for any
practicable reduction to be introduced not more than five years from the
date at which the limits that we recommend come into force (para. 48).

72. We recommend that the noise levels of vehicles on the road should
also be measured and that it should be an offence to emit more noise
than is permitted from new vehicles. We consider that the measurement
of noise from vehicles on the road should start two vyears after the
enactment of the empowering legislation (paras. 49-56).

73. We consider that the procedure and the allowance for roadside
measurement of vehicle noise should be regarded as experimental and be
reviewed not more than three years after their introduction (para. 55).

74. We recommend that, quite apart from the adoption of measured
limits, drivers making unnecessary noise should be liable to prosecution
(para. 56).

75. We consider that our recommendations would considerably reduce
the number of noisy vehicles on the road (para. 59).

76. We recommend further research into the development of a meter
which is better suited to the measurement of vehicle noise than those that
are available at present, and into the principles of reducing moise from
motor vehicles (paras, 60-61),

77. An essential contribution towards reducing noise from vehicles must
come from drivers (para. 62).
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Use and maintenance of silencer
Regulation 77:
(1) No person shall use or cause or permit to be used on a road any vehicle
propelled by an internal combustion engine so that the exhaust gases from the
engine escape into the atmosphere without first passing through the silencer,

expansion chamber or other contrivance required by these Regulations to be
fitted.

(2) Every such silencer, expansion chamber or other contrivance shall at
all times while the vehicle is used on a road be maintained in good and efficient
working order, and shall not have been altered in such a way that the noise
caused by the escape of the exhaust gases is made greater by the alteration.

Excessive noise

Regulation 81 :
Mo person shall use or cause or permit to be used on a road any motor

vehicle or trailer which causes any excessive noise either directly or indirectly
as a result of; —

(1) Any defect (including a defect in design or construction), lack of repair
or faulty adjustment in the motor vehicle or trailer or any part or accessory
of such motor vehicle or trailer, or

{2) the faulty packing or adjustment of the load of such motor vehicle or
trailer:

Provided that it shall be a good defence in proceedings taken under this
Regulation: —

(a) to prove that the noise or continuance of the noise in respect of which
the proceedings are taken was due to some temporary or accidental cause
and could not have been prevented by the exercise of due diligence and
care on the part of the owner or driver of the motor vehicle ; or

(h) in the case of proceedings against the driver or person in charge of the
motor vehicle who is not the owner thereof, to prove that the noise
arose through a defect in design or construction of the motor vehicle or
trailer or through the negligence or fault of some other person, whose
duty it was to keep the motor vehicle or trailer in proper condition or
in a proper state of repair or adjustment or properly to pack or adjust
the load of such motor vehicle or trailer as the case may be, and could
not have been prevented by the exercise of reasonable diligence and care
on the part of such driver or other person in charge of the motor vehicle.

Regulation 82:

No motor vehicle shall be used on a road in such a manner as to cause

any excessive noise which could have been avoided by the exercise of reason-
able care on the part of the driver.

Stopping of engine when stationary
Regulation 83 :

The driver of every motor vehicle shall, when the vehicle is stationary other-
wise than through enforced stoppage owing to the necessities of traffic, stop
the action of any machinery attached to, or forming part of, such vehicle, so
far as may be necessary for the prevention of noise:

Provided that this Regulation shall not apply—

(@) so as to prevent the examination or working of the machinery attached to,
or forming part of, a motor vehicle where any such examination or work-
ing is rendered necessary by any failure or derangement of the said
machinery or where the machinery attached to or forming part of the
vehicle is required to be worked for some ancillary purpose; or

(b) in the case of a motor vehicle which is propelled by gas produced in
plant carried on the vehicle or on a trailer drawn by the vehicle,
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APPENDIX ¥

THE MEASUREMENT OF NOISE

Though most people will agree that one noise is louder than another, it is not
easy to express this agreement in a consistent numerical scale of loudness which
might be used, for example, to investigate complaints of excessive noise; and it
is still more difficult to measure noises, in terms of such a scale. by purely instru-
mental means, without appealing to individual opinions.

The ear is, generally speaking, much less sensitive to very high or very low
frequencies than it is to those in the middle range; it also reacts differently to
~ impulsive and varving noises as compared with steady ones (a road drill com-
- pared with a jet engine, for example). In consequence, a group of listeners may
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judge that two sounds differ widely in * loudness ™, {or still more in other subjec-
tive gualities such as “ disturbance " or * annoyance "), where the physicist might
describe them as equally “intense ", i.e. as corresponding to the same sound
power.

Nevertheless, it is possible for a group of listeners to make consistent judgments
of the relative loudness of sounds (though individuals in the group may vary
considerably in their judgments); and this is the basis of the accepted scale of
loudness level (cf. Glossary). The sound is compared with a reproducible refer-
ence sound which is adjusted until it is judged 1o be equally loud, and then
measured instrumentally, in terms of  sound pressure level ™ in decibels (a definite
ph!}'sk:a] concept), above an arbitrary reference level, the answer being in
* phons ™.

The numbers of the phon scale do not obviously correspond with one’s normal
assessment of noise. In an ordinary living room, for example, 50 phons might
be unnoticed, 80 unpleasantly loud, and 100 intolerable ; but the ratio 100/50
does not correspond at all well with the relative sensation. It is possible, how-
ever, to construct a loudness scale purely on the basis of such subjective judg-
ments as ** twice " or ** half " as loud ; this judgment is surprisingly consistent, and
it is found that approximately an increase of 10 phons corresponds with an
apparent doubling of loudness, over a good part of the practical range of loud-
nesses. By international agreement, therefore, an alternative scale of loudness in
sones has been fixed, according to 'the formula S equals 2 to the power P—40

10
where “S™ and “ P are the measures in sones and phons respectively. The
room loudnesses quoted above would then become 2, 16 and 64 sones respectively
—figures agreeing much better with subjective impressions.

If it were easily possible to measure directly in phons (or sones), probably no
other loudness scale would be used. Since, however, the measurement demands
the resources of a standardizing laboratory, it is impracticable for the majornity
of noise investigations, and a much simpler procedure is needed.

A microphone, amplifier and rectifying and integrating instrument can be
arranged to indicate sound power reaching the micm%ane. If in addition,
certain frequency weighting networks are included, compensating roughly for
the varying sensitivity of the human ear to which we have already referred, we
have a sound level meter ; the construction and performance of such instruments
are the subject of national and international specifications, and it may reason-
ably be expected that the readings which they give will be in the same
sequence as subjective judgments of loudness, as long as the comparisons are
between noises of the same general type. However, considerable discrepancies
may occur if this caution is not observed.

The readings of the sound level meter are expressed as sound levels in decibels,
and it is perhaps for this reason that the word “ decibel ™ has become in recent
years almost a synonym for * noise”. As the definition in the glossary shows,
decibels are measures of multiplicative increments (like percentages), not of
additive ones (like inches). An increase of 3 decibels in a sound level meter
reading corresponds (roughly) with a doubling of the corresponding sound
energy, wherever it may occur in the scale; this is confusing to those who
are iliar only with the scales of the additive or linear type (such as centi-
melres or degrees on a thermometer), but it agrees much better than any
linear scale could do with the increase in sensation produced, and has the
further advantage that the enormous range from the weakest sounds we can
hear to the loudest we can endure {about 10 million to one in terms or energy) can
be expressed by figures of convenient size.

A considerable amount of work has been carried out in recent vears (g) to
define the limits within which the sound level meter may be relied on for the
comparison of noises and (b) to design improved instruments.

Meanwhile, as an alternative, methods have been developed for computing
the loudness of a noise from instrumental readings more elaborate than the
single observation of the sound level meter, but nevertheless much simpler than
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the strict * phon ™ measurement. The results of such calculations are expressed
in the same units as loudnesses directly measured by subjective experiments
(phons or sones) but should always be qualified by the term * calculated .
(See glossary,)

The methods of Stevens and of Zwicker, which are now widely used, are
based on measuremenis of the sound pressure level within a number of restricted
frequency bands (covering the whole audible range): these values are modified
and summed in various ways, to give a single loudness figure. A method similar
in principle to that of Stevens, but modified in detail, has also been evolved
by Kryter to measure the so-called ° perceived noise level” of noises with
special reference to aircraft. The results are intended to place noises in order
of “disturbance ” (or * noisiness ™) rather than of * loudness™.

The procedure proposed by Zwicker is the most sophisticated, being based
on the known behaviour of the ear as regards the * masking ™ of one sound by
another. It involves a fair amount of calculation, though this may be done by
a computer.

The diversity of scales for noise measurement undoubtedly tends to confuse
the layman. However, it reflects the complexity of the subject. At least two
scales are necessary in any case, one (e.g. in decibels) to express physical
magnitudes and one (e.g. in phons) to express some appropriate subjective
measure. Generalization is dangerous : but it is fair to say that straightforward
sound level meter measurements are adequate for many purposes, particularly
comparative ones, The meter readings (sound levels in dB) will amost always
be numerically smaller than the loudness level in phons, the difference often
reaching 20. Of the methods of deriving phons by computation, Zwicker’s is
usually considered to be the most reliable.

In the preceding paragraphs we have assumed that the chief need in noise
measurement is the evaluation of loudness : though, in fact, for general purposes
of control, it is really * disturbance " or * annoyance " which we would wish to
assess, were there any practical means of doing so, short of the cumbrous and
non-quantitative mechanism of a social survey. For specialist investigation,
however, it is often desirable to measure other attributes of noise, in particular
the energy associated with particular frequencies (e.g. in the investigation of
noise from rotating machinery); and to use more sophisticated techniques, such
as the inter-correlation between measurements taken at known intervals of tme
or space. Analyses of this kind are often made in the laboratory from tape
recordings made in the field.

GLOSSARY
Loudness. An observer's auditory impression of the strength of a sound.

Loudness level. The loudness level of a sound of any nature is measured by the
sound pressure level of a standard pure tone of specified frequency which is
assessed, as the modal value of the judgements of normal observers, as being
equally loud.

Phon. The umt of loudness level when
(@) the standard pure tone is produced by a sensibly plane sinusoidal pro-
gressive sound wave coming from directly in front of the observer and
having a frequency of 1000 c/s, and

(b) the sound pressure level in the free progressive wave is expressed in
decibels above 0-0002 dyn/cm®.

Calculated Phon. It is recommended in a current draft ISO proposal that values
in phons resulting from calculations based on sound pressure levels in frequency

bands should be designated phons (OD), phons (GF) etc. depending on the par-
ticular basis of calculation. The first symbol describes the width of the frequency
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bands and the second the character of the sound field. OD for example signifies
calculation by Stevens’ method using octave frequency bands, and GF Zwicker's
method.

Sone. The unit of loudness on a scale designed to give scale numbers approxi-

mately proportional to the loudness. The scale is precisely defined by its rela-

tion to the phon scale, in the formula S equals 2 to the power P—40 where
10

“S" and “ P are the measures in sones and phons respectively.

Calculated Sone. Similar remarks apply as to calculated phons, i.e. the nomen-
clature sones (OD) etc., should be used.

Sound Pressure Level. 20 log '* (p/p®) decibels where p is the r.m.s. sound
pressure, and p° is a reference sound pressure, usually 0-0002 dyn/cm®

Reference Level. The sound pressure level corresponding to a r.m.s. sound
pressure of 00002 dyn/cm?® (=0 dB).

Decibel (abbreviation dB). A dimensionless unit used in the comparison of the
magnitudes of powers. The number of decibels, expressing the relative magni-
tudes of two powers, is 10 times the logarithm to base 10 of the ratio of the
powers. In the case of sound pressure, whose square corresponds to power, the
corresponding expression becomes 20 times the logarithm to base 10 of the
ratio of the pressures.

Sound Level. A weighted value of the sound pressure level as determined by a
“sound level meter ™.

Sound Level Meter. An objective noise meter designed to measure a frequency
weighted value of the sound pressure level, in accordance with International
Electrotechnical Commission and draft British Standards.

Frequency Weighting Network. An electrical network incorporated in the ampli-
fying circuits of a sound level meter to produce a specified overall electro-

acoustic frequency response. Three such networks, designated A, B and C, are
in common use.

dBA. The umnit of measurement of sound level, using frequency weighting
network A.

Perceived Noise Level. A measure of * noisiness " derived from sound pressure
levels in frequency bands, by a procedure described by K. Kryter, J. Acoust.
Soc. Amer., 3/ 1415 (1959).

PNdB (*“ perceived noise decibels ). The unit of perceived noise level.

APPENDIX VI
B.S. 3425:1961

BRITISH STANDARD METHOD FOR THE
MEASUREMENT OF NOISE EMITTED BY MOTOR VEHICLES

FOREWORD

This British Standard has been prepared under the authority of the Acoustics
Standards Committee with a view to providing a uniform and repeatable method
of determining objectively the noise of a moving motor vehicle, so that this
can be compared with a predetermined and arbitrarily set sound level value
representing an acceptable standard of performance. The specification is based
on and follows closely Draft ISO Recommendation No. 419, “Methods of
measurement of noise emitted by vehicles™. It should not be regarded as
generally applicable to all aspects of vehicle noise investigation and is in no way
intended to restrict future developments.
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The method specified is based on an acceleration test at full throttle from a
stated vehicle running condition in an acoustical environment which can only
be obtained in an extensive open space. This test, whilst not necessarily
measuring the highest noise of which the vehicle is capable, is nevertheless con-
sidered to give results adequately representative of the noise producing potential
under full throttle conditions.

In view of the fact that this standard relies on the use of sound level values
as the criterion of acceptability, the use of a high quality sound level meter is
included in the specification,

It is necessary to emphasize that the method specified gives only an objective
measure of the noise emitted under the prescribed conditions of test and that
subjective appraisals of noise, e.g. loudness, annoyance or noisiness, are not
simply or uniquely related to sound level meter readings.

METHOD

ScoPE

1. This British Standard specifies a method of determining the noise emitted
by motor vehicles which is intended as far as possible to meet the requirements
of simplicity consistent with reproducibility of results and realism in the operat-
ing conditions of the vehicle.

MEASURING EQUIPMENT AND TECHNIQUE

2. a. A high quality sound level meter* shall be used. The weighting network
and meter time constant employed shall be those which conform to curve A
and *fast response™ respectively as specified in the IEC Publication 123,
* Recommendations for sound level meters . A sufficient technical description
of the instrument used shall be stated.

The orientation of the measuring equipment with respect to the test vehicle
at its nearest position in the run shall be that for which the calibration is
appropriate.

_The sound level meter shall be calibrated periodically at a laboratory equipped
with the necessary facilities for free-field calibration.

To ensure accurale measurements it is necessary for a regular check to be
kept on the sensitivity of the measuring equipment. In addition, the overall
acoustical performance of the measuring equipment shall be checked immediately
before and after each series of measurements and any deviation of these readings
from the corresponding readings taken at the time of the last free-field calibra-
tion shall be stated in the report.

The readings to be recorded shall be the highest value obtained during the
passage of the vehicle. Any peak which is obviously out of character with the
general sound level being read shall be ignored.

b. Wind shield. If a wind shield is used its effect, if any, on the sensitivity
of the microphone shall be taken into account.

AcousTICAL ENVIRONMENT

3. The test site shall be such that hemispherical divergence exists to within
+ 1 dB, i.e. the sound radiation is within + 1 dB of the theoretical value of a
point source on a plane reflecting surface,

An open space of not less than 50 m (164 ft) radius, of which the central
area of 10 m (33 ft) radius consists of concrete, asphalt or similar hard material
free from any soft covering such as snow, shall be deemed to satisfy this
requirement.

NOTE. Smaller areas may be used if they meet the requirement of hemispherical divergence,

* A British Standard covering the meter requirements will shortly be issued and this clause
will accordingly be amended.
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The microphone shall be located 1:2 m. (3 ft. 11 in.) above the ground level.

NOTE. Care should be taken to avoid taking measurements during gusts of wind.

The presence of bystanders may have appreciable influence on the meter reading if such
persons are in the vicinity of the vehicle or the microphone. No person other than the driver
and the observer reading the meter should therefore remain in the neighbourhood of the
vehicle or the microphone.

Suitable conditions exist if bystanders are at a distance from the vehicle which is at least
twice the distance from vehicle to microphone.

VEHICLE CONDITIONS

5. Vehicles shall be driven unladen in such a manner as to comply with one
or other of the following conditions :

{a) When the vehicle is fitted with a manually operated gearbox, with or
without automatic clutch, the vehicle shall approach the line AA (Fig. 1) at
a steady road speed which corresponds to an engine speed of § of the revolu-
tions per minute at which, according to the manufacturer, the engine develops
s maximum power (as installed in the vehicle) and in such a gear ratio
{excluding first gear in the case of vehicles fitted with more than three forward
gears) that the road speed approaches 50 km/h (31 mile/h) as closely as
possible,

(h) When the wehicle is fitted with a fully automatic gearbox it shall
approach the line AA at a steady speed of 50 km/h (31 mile/h), or at %
of its maximum speed, whichever is the lower., Where a choice is available
the * normal drive ™ or ** town " position shall be used.

When the front of the vehicle reaches the position, in relation to the micro-
phone, shown as AA in Fig. 1, the throttle shall be fully opened as rapidly
as practicable and held there until the rear of the vehicle reaches position BB
in Fig. 1, when the throttle shall be closed as rapidly as possible. The test
shall then be repeated with the vehicle travelling in the opposite direction.

Trailers, including the trailer portion of articulated vehicles, shall be ignored
when considering the crossing of line BB,

If the wvehicle is fitted with more than two-wheel drive, it shall be used in
the drive which is intended for normal road use.

STATEMENT OF RESULTS

6. Measurements shall be made on at least three runs in each direction. The
readings on a given side of the vehicle shall be within 3 dB. The average in
«lecibels of the corresponding readings shall be taken. The higher average
shall be taken as the sound level of the vehicle.

If the range of readings on either side exceeds 3 dB the whole test shall be
repeated.

- Note: It is recommended that trial runs be made for the purpose of selecting an appro-
priate range for the measuring instruments.

All readings taken on the sound level meter shall be stated in the report,
except that the results of trial runs need not be included.

APPENDIX VI

THE SUBJECTIVE RATING OF MOTOR VEHICLE NOISE
By C. H. G. MiLLs* and D. W. Roeinsont

A subjective experiment is described, which was designed to establish a relation-
ship between the subjective rating of noise emitted by motor vehicles, and
objective measurements made with a sound-level meter employing " A" weighting.
The noise sources emploved were nineteen production vehicles driven in a
number of different conditions, and the subjective ratings were made by a panel
of fiftv-seven observers. The results show that in the case of private cars and
commercial vehicles satisfactory correlation is obtained between the subjective
and objective measurements. The results of motor-cycles as a group show a
greater dispersion which iy largely caused by shortcomings of the sound-level
meter when measuring motor-cycle noise ; the dispersion is not significantly

* Motor Industry Research Association.
t National Physical Laboratory.
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improved by sub-classification into two-stroke and f:ﬂur—ﬂmk.&: or into single-
cviinder or twin-cyvlinder machines. Guidance is given on interpretation of
results by means of numerical examples.

The broad object of the experiment was to make objective measurements
{sound level (A)) and subjective measurements on a wide range of noises emitted
by motor vehicles, and to determine the relationship between the subjective
ratings and the objective meter indications, It was also required that the
experiment should be so designed that it yielded information on the relative
acceptability of the noises emitted by different classes of wvehicles.

THE DESIGN OF THE EXPERIMENT

It was necessary to carry out the subjective experiment employing the widest
range of noises and the largest number of subjects that could be accommodated,
taking into account the practical difficulties of organisation. Unfortunately, the
tests had to be made during late autumn in 1960, and the attendant difficulties
caused by the weather at that time of year imposed some limitations. The tests
were carried out using * live " motor-vehicle noise, in the open air, on one of
the test tracks at the Proving Ground of the Motor Industry Research Associa-
tion. The number of vehicles employed, and the total number of noises which
were rated, were limited to some extent by the time for which the subjects could
be exposed to the weather conditions which were likely to prevail.

When the tests were actually carried out fifty-seven subjects were available
who rated the noises emitted by nineteen vehicles, each vehicle operating under
six different conditions. The number of subjective ratings which each observer
made was 150, representing 114 different vehicle conditions and thirty-six repeats.
The test was carried out between the hours of 12 noon and 3 p.m. in two parts,
separated by a lunch interval. The observers were seated back to back in two
lines parallel to the track of the test vehicles, and the vehicles were driven past
them in alternately opposite directions. Half the observers made * sighted judg-
ments ', facing the test vehicles, and half made “ unsighted judgments™ sitting
with their backs to the test vehicles.

One of the test surfaces at the Proving Ground of the Motor Industry Research
Association was emploved for the experiment and a plan of the test site is
shown in Fig. 1. The track, which was surfaced with a smooth, porous, asphalt
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Fig. 1—Test site

carpet, was a little over 1 km in 1 , with ample space at each end for parking

and turning vehicles, One side of the track was bounded by young, widely
spaced comfers, and the observers sat in line with the trees in a wide gap
approximately half-way along the track. The test site was approximately in the
centre of the Proving Ground, with no buildings or other objects capable of
causing an acoustic disturbance within a radius of § mile. Al other traffic
on the Proving Ground was stopped throughout the test.

The vehicles proceeded up and down the marked centreline of the road and
the observers sat at a mean distance of 7:5m from the centreline. Two Tows
of chairs, thirty chairs in each row, were placed alongside the track at the listening
position, arranged back to back. The row facing away from the test track, was
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raised 30cm above the forward facing row, to avoid the forward facing heads
casting a sound shadow on the other row. FEach row of chairs was 12m long
with a gap of one chair width in the centre of the row to accommodate the
measuring microphones. The mean distance of the observers’ heads from the
centreline of the track was 7-5m, “sighted” subjects being 15cm Jess than
the mean distance and “ unsighted " subjects 15¢cm more than the mean distance
from the centreline of the track.

Two instrumentation vans were parked, one at each end of the rows of
observers, about 5m from the nearest observer. The “ unsighted ™ observers had
only a very restricted view of the test vehicles even if they turned their heads,
the instrumentation vans and the small conifers acting as efficient sight screens.
Fig. 2 shows the test in operation and the disposition of observers, instrumenta-
tion vans and a test vehicle. It should be noted that the theoretical difference in
loudness of a sound caused by rotation of the head is insignificant in the case
of sound spectra such as motor vehicles emit. For this reason it was preferable
to orientate half the listeners facing away rather than to employ blindfolds,
which would have been inconvenient in view of the duration of the trials.

The choice of test vehicles was based upon obtaining a representative range
of noise emission from each class of vehicle. Vehicles were selected from four
classes, private cars, commercial vehicles, and four-stroke and two-stroke motor-
cveles. Within each class, vehicles were chosen, on the basis of previous measure-
ments, to represent extremes of noise emission, plus a few vehicles reasonably
distributed between the extremes. The nineteen vehicles finally selected included
three private cars, three high-performance cars, one moped, one motor-scooter,
two two-stroke motor-cycles, four four-stroke motor-cycles and five commercial
vehicles. All vehicles employed were new or in virtually new condition. No
attempt was made to modify vehicles to produce either higher or lower noise
levels than standard production tvpes.

Although the actual vehicles were chosen to give a representative range of
sound levels when tested under the proposed L.S.0.* test conditions, each vehicle
was tested under two other driving conditions, in order to extend the range of
sounds to be judged by the subjects. Each vehicle passed the observers in two
directions, emploving each of three distinct driving procedures, thus providing,
in general, six different noises at the listening positions.

The three vehicle operating conditions were as follows:

(1) Proposed 1.8.0. Procedure—The vehicle approached the test area at an
engine speed of three-quarters of the rp.m. at which, according to the manu-
facturer, the engine developed maximum bh.p. A gear was chosen such that
the road speed approached 50 km.p.h. as closely as possible, but first gear was
excluded with vehicles having more than three forward gears.

As the front of the vehicle crossed a line 10m from the measuring position
{the centre of the line of observers in this case) the throttle was fully opened
and held open until the rear of the vehicle crossed a line 10m past the measur-
ing position. The throttle was then fully closed and drivers made every altempt
to coast until they were at least 100m from the measuring position.

2) Braked Full Throtile Tests—The engine and road speed of each vehicle
was the same as for the approach conditions in test (1), but the vehicle was
driven t the observers at full throttle and constant speed, the speed being
conirolled by steady application of the vehicle brakes. The operating condi-
tions for the test were stabilised from at least 30m before the measuring
position to 30m afier it.

(3) Constant Speed Cruising Tests—Each vehicle was driven past the
observers at a constant indicated speed of 50 km.ph. in top gear. Test condi-
tions were stabilised over the same distance as in (2) above.

Each vehicle carried out all the above tests at least once in each direction
past the observers.

The provision of about sixty subjects presented some difficulties, and only a
minimum of selection could be applied. Apart from ensuring that males and
females were represented, no further control could be exercised. Fifty-seven
subjects actually took part in the tests, twenty-three females and thirty-four males.

* International Organisation for Standardisation Technical Committee 43, Draft Recon-
mendation No. 419, October, 1960.
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The male subjects were selected mainly from MIR.A. staff, excluding those
who worked habitually in a noisy environment, plus seven males from the N.P.L.
and two from the Ministry of Transport. The majority of the female subjects
were kindly loaned by the National Coal Board West Midlands No. 4 Area
Office, and were all office workers. A further three females were selected from
the M.L.LR.A. staff and one from the N.P.L.

TesT PROCEDURE

Each separate test run, under one of three conditions and in one or other
direction past the observers, was treated as a separate * vehicle-condition”. The
order in which the * vehicle-conditions ™ were presented to the observers was
randomised, within the limitation that no one vehicle could undertake consecutive
runs in opposite directions. Each vehicle operated under each of the six * vehicle-
conditions " and many vehicles carried out the same test procedure twice during
the experiment for control purposes, resulting in a total of 150 * vehicle-condi-
tions ** being presented to the observers. Only one vehicle was permitted to be in
the central test area at any one time, but the vehicles followed each other with
as little delay as possible. A central controller was in contact with controllers
at each wvehicle park by means of V.HF. radio, and by this means it was
possible to present a different vehicle to the observers thirty seconds.

Measuring microphones were set up 7-5m from the centreline of the test
surface, in the open space in the centre of the lines of observers. The following
objective measurements were made during the test :

(1) Sound level (A) measured on two independent sound-level meters employ-
ing 1.E.C. weighting,

(2) A continuous record of sound level (A) on a high-speed level recorder,
adapted to read r.ms.

(3) Single track calibrated tape recordings for future play-back on to a
sound-level meter and the high-speed level recorder.

The sound level (A) assigned to each “ vehicle-condition™ was the highest
recorded during the passage of the vehicle concerned. The various methods of
measurement referred to in (1), (2) and (3) above provided reliable objective
results with adequate cross checking.

The form of subjective measurement employed for this experiment was identical
to that used in the earlier experiment carried out by the N.P.L. The subjects
were asked to rate the noises which were Eresented to them according to a
six-point rating scale, the verbal description of which was printed on the answer
sheets as shown in Fig. 3. No descriptions were assigned to the first and last
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Fig. 3—Form of answer sheei osed for the subjective measurements
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categories, which the subjects were instructed to regard as extremes to provide
a reference for the intermediate categories. The subjects were permitted to
interpolate between adjacent categories by marking both of them. Instructions
were given verbally to the subjects as a group and were kept as brief as possible
without reference to any hypothetical environmental conditions,

The subjects were allocated numbered seats, and did not change position during
the first seventy-five test runs. For the second group of seventy-five tests the
five subjects at each end of the forward facing line changed places with the
subjects immediately behind them in the * unsighted ” line of observers. The
purpose of the interchange was to check the relationship between results obtained
with “sighted " and * unsighted " ohservers in case a marked difference were
apparent, but this proved to be unnecessary. All “ unsighted " observers were
asked to make no attempt to look at the vehicles,

For most of the test the weather was cold, clear, and bright, with a light N.E.
wind. Towards the end of the test the wind increased slightly, increasing the
discomfort of the subjects but not causing any difficulty with the relevant objective
measurements reported herein. All subjects were protected by warm clothing, and
blankets and rugs were provided. No clothes were worn which could affect
hearing.

REsSULTS

For convenience in expressing the results, the verbal categories of the rating
scale were first expressed numerically, so that ** quiet " became 2, “ acceptable ™
became 4, and so on. Thus, the numerical scale ran from 0 to 10. Each judg-
ment recorded by a listener could in this way be expressed as a number, and
lt_l'n: values averaged, either for the whole group, or for various sub-groups of
1steners.

The principal results are shown in the form of correlation diagrams (Figs.
4-10), in which the average subjective rating for each vehicle is plotted against
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SOUND LEVEL (A) — DECIBELS

Fig. 4—Diesel vehicles: all observers
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the recorded sound level (A) in decibels. Each point in the diagrams represents
the passage of one vehicle. Previous ience has shown that the scatter of
the points in such diagrams is excessive if all vehicles are induded in one group.
The vehicles have therefore been sub-classified in various ways in order to
determine how many such sub-classes are needed to reduce the scatter to
reasonable proportions. Referring to the figures, it is apparent that the scatter
of results in the case of Eelm-l—driven and diesel-driven vehicles respectively is
quite small (5-5dB and 7dB respectively), and that there seems to be no need of
sub-classification within these groups.

Initially, the motor-cycles were divided into two classes, two-stroke and four-
siroke respectively, with the results shown in Figs. 6 and 7. The scatter in each
of these cases is seen to be larger (two-strokes, 11dB ; four-strokes, 7dB), and, as
shown in Fig. 8, the scatter is scarcely increased if both classes are combined
(11-5dB). An alternative classification into single and twin-cylinder machines was
therefore made. The results in this case are shown in Fig. 9 and 10, and indicate
no marked advantage of ithis manner of sub-classification (single-cylinder
machines, 11dB; twin-cylinder machines, 10dB). In particular, the most dis-
cordant points in Fig. 6 (two-strokes) and Fig. 9 (singlecylinder) respectively,
represent the same machines. Clearly, there would be no advantage in further
sub-classification.

In view of some conflicting evidence on the relation between sound level and
subjective rating, which has been discussed in the previous paper, it was of
interest to ascertain, so far as possible within the limitations of the present tests,
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Fig. 5—Petrol vehicles: all observers

to what extent judgments of noisiness were affected by different listening condi-
tions and different sub-groupings of observers. The average subjective ratings
for the vehicles were therefore plotted for various sub-groups of listeners, namely
those who faced the vehicle track and who may thus have been influenced by
seeing the vehicles, those who were unsighted and faced away from the vehicles,
males only, females only, and various age groups.
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Since the results for the whole group
of these sub-groupings of the listeners, the detailed results are not reproduced,
but the summarised results are shown in Table I.

TabLE I

were substantially unaffected by any

The values of sound level (A) read off the regression lines at subjective ratings of
Q =guiet, EN=excessively noisy and D= demarcation between acceprable and noisy

)
;

cated so
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MEAN SUBJECTIVE RATING

Diesel : Petrol Two-stroke Four-stroke
vehicles [ vehicles motor-cycles motor-cycles
Group .
g 'pien| @'l =l D iEvl e D | BN
10 to 29
Eafsiufajg; 69-5 | 80 90-5 | 65-5 | 79 02 70 82 94 67-5 | 82 96-5
. 0
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Males ... |69 |80-5|92 |66 |795/93 |69 |82 |945|67:5|82:5]97
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In order to make detailed comparison possible, a straight line is shown on

each of the correlation diagrams. This is the calculated regression line, obtained
by regarding the mean subjective rating as an independent variable and the indi-
level as the dependent variable.

There is, of course, no logical
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Fig. 6—Two-stroke motor-cycles: all observers
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reason 1o assume a linear relation, but it is evident that the scatter of the experi-
mental points does not justify the fitting of higher order curves. By means
of these straight lines, it is possible to read off the sound level corresponding to
steps of the subjective rating scale as judged by the average listener.

Possibly the most significant point on the rating scale is the numerical value
5, which corresponds to the demarcation line between * acceptable ™ and * noisy ".
However, some interest also attached to the rate at which the noisiness grows
with the objectively-measured sound level, i.e. to the slope of the regression lines.
A convenient way of comparing these features for the different vehicle classes
and sub-groups of listeners is by a tabulation of the sound levels corresponding
to the numerical steps, 2, 5 and 8 of the rating scale. Table 1 shows these levels.
and demonstrates clearly that the demarcation line referred to is, for all cases.
close to 80 dB (A). From the table small but definite trends can be detected as
between sub-groups of listeners. Thus, the age groups thirty plus consistently
rate vehicles less noisy than the younger listeners, or otherwise expressed, they
are more tolerant of a given objective noise level. For the four vehicle classes
the effect amounts to I% dB, 1-6 dB, 0-6 dB and 1-1 dB (average 1-1 dB), and
could perhaps be dismissed as msrgmﬁmnﬂy small in relation to the dispersion
if it were not persistently observed.

Comparing the results for males and females, a different, but equally persistent,
effect is observed, namely, that the former compass a wider range in decibels for
a given subjective interval than the latter. In terms of the interval * quiet™ to
“motsy " the respective decibel ranges for the four vehicle classes are: Males 15:1,
181, 170 and 194 (average 17-4); Females 12-3, 154, 154 and 18-5 (average
15-4), [;gce again, the effect, though probably real, is inconsiderable in absolute
magnitude.

No systematic trend is apparent on comparing the results of sighted and un-
sighted observers. Moreover, the magnitude of the differences is unimportant.

ComparisoN WITH EarLIER RESULTS

It is interesting also to compare the present results with those obtained in the
previous investigation (1959). In some important respects, notably the rating
scale used and the instructions go the subjects, the two investigations were similar.
On the other hand, the physical conditions in which they were carried out were
markedly different, the test material for the earlier investigation consisting of
normal main road traffic. The nomenclature applied to the classes of vehicles
differed slightly between the two experiments, but the effect on the types of
vehidle included in each class is insignificant. The earlier results may have been
influenced adversely, though only to a small extent, by the fact that the track
of the vehicles was not under accurate control. The results of the two investiga-
tions are compared in Table Il and show a remarkable similarity, both as regards

TasLe 11

Camparison of present results with those of an earlier investigation for all listeners. The
values of sound level (A) read off the regression lines at subjective ratings of Q =quiet,
EN=excessively noisy, and D= demarcation between acceptable and noisy,
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the levels in decibels corresponding to the demarcation line between ™ acceptable ™
and “ noisy " and to the rate of growth of the subjective rating on the noisiness
scale with sound level. One feature, for example, observed in 1959 was that the
range from “ quiet” to “noisy ™ was compassed in a smaller objective range
for commercial vehicles than for other classes. This is clearly exemplified again
in the present work.

Bearing in mind that the two investigations have been carried out quite inde-
pendently, with different people as observers, and noting that no marked differ-
ences are apparent with age, sex, aid of visual observation, &c., it seems reasonable
to conclude that a level close to 80 dB fairly represents the demarcation line in
the opinion of typical British listeners, under the conditions of this type of
experiment.

No support can be found for the results of a Swiss investigation® that this
demarcation line should be set around 73 dB on the sound level (A) scale, but
differences of national habit in regard to the attitude to motor-vehicle noise
cannot, of course, be discounted. It may be significant, however, that the Swiss
observers were instructed to assume a hypothetical listening situation related to
their normal daily activities,

StamisTicaL DiscussioN
That there are appreciable divergences of opinion by individuals may be seen
from the fact that the standard deviations of the judgments (of the whole group)
were about 0497 units of the numerical rating scale (values for individual vehicle
tests ranged from (-5 to 1-3). This represents some 4 dB when interpreted on the
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Fig. 7—Four-stroke motor-cycles: all observers

sound level scale, For most of the tests, judgments were spread over three or
four adjacent (numerical) steps and in a few cases, as many as five, meaning
that a noise judged * quiet " by some was judged “ noisy " by others.
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One listener recorded an average (numerical) judgment of 5-87 (nearly “ noisy ™)
over the whole 150 tests, whilst at the other extreme a value of 3-76 occurred
(quieter than * acceptable ), the grand average being 4-63. Significance should
not be attached to these considered as absolute values, of course, since they
depend on the particular vehicles used and the manner in which they were driven.
The relative attitude of these extreme listeners, however, is significant, correspond-
ing to a difference of the order of 9 dB. Even the existence of these extreme
listeners, however, does little to bridge the gap between the Swiss observations
and the present results.

The scatter of the points on the diagrams (e.g. Fig. 4) is compounded of a
number of factors, namely :

{a) the uncentainty of individual judgments ;
{b) the fact that such judgments were quantised in units on a scale running
from 0 to 10 ;

{c) the inherent lack of correspondence between the action of the meter
and that of human listening ; and

{d) errors of objective measurement.

Of the above factors, (b) and (d) are unlikely to be of any consequence, but it
is difficult to resolve the importance of (g) and (c). To do this, it is necessary
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to estimate the magnitude of () independently by repeat judgments under iden-
tical physical conditions. A number of such repeats were included in the tesis
(thirty-six out of 114), and by analysing the corresponding results the standard
deviation associated with the repeatability of listeners’ judgments was evaluated to
be 0-82 (numerical) units on the rating scale. This component of variance
can, in principle, be extracted to estimate the residual scatter due to (¢). This
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net residual scatter m:rf:gznda to a standard deviation in decibels of 1-0, 1-3 and
2-4 lft:»r diesel-engined icles, petrol-engined vehicles and motor-cycles respec-
tively.

The fact that a large pant of the scatter is attributable to the shortcomings
of the sound-level meter is qualitatively obvious from some of the diagrams. For
example, two four-stroke motor-cvcles which gave sound level meter readings of
65 and 90 respectively were invariably (i.e. by whatever group of listeners) judged
noisier than the meter reading would suggest, and two which gave meter readings
of 82 and 100 were invariably judged less noisy. Similar discrepancies are evident
with two two-stroke motor-cycles which read 83 and 84 respectively, and a close
study of the scatter diagrams reveals a large number of similar examples. Since
there can be no correlation whatever between the judgments of individual male
and female listeners, it follows that similarities of the male and female average
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scatter diagrams must result from factors (c) and (d) above, and of these (d) may
be ruled out, in view of the many cross-checks in the sound-level meter readings.

INTERPRETATION OF RESULTS

Subject to the limitations of any experiment of a statistical character, the
straight lines in Figs. 4-10 represent the conclusions of this work in so far as
the average listener is concerned. To interpret the results fully it must be appre-
ciated that two main variances are associated with the subjective data, one arising
from the dispersion of the subjects’ individual judgments, and the other from
the shontcomings of the meter. A further small uncertainty is associated with the
fact that the results refer to a limited sample of listeners (fifty-seven), and there
is the possibility of a sampling error, estimated to be not more than 0-8 dB, in
the interpretation of absolute values. This, however, may be discounted in view
of the magnitude of other uncertainties.
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Each point on the graphs represents the average judgment of fifty-seven
observers and if, for example, it was required that all observers were ™ protected
at some predetermined point on the subjective rating scale, rather than only
the less susceptible half, then the basic level associated with this point (as read
off the diagrams, or obtained from Table I1I) would have to be adjusted down-
wards. If three standard deviations are taken as the criterion (the probability of
any results lying between +1 std. deviation (o) is 68 per cent, within £2eis 95
per cent., and +3e¢ is 997 per cent) a downward adjustment of some 12 dB
would be necessary to ensure that it would be very improbable that any subject
would rate any noise above the predetermined point on the scale. Similarly if
12 dB were added to the basic level, it would be very improbable that any subject
would rate any moise below the predetermined point.
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On the other hand it has been shown that the sound-level meter has short-
comings in representing the subjective noisiness of motor vehicles, especially
motor-cycles, in the sense that it does not place all vehicles in the same rank
order for noisiness as does the average listener, i.e., two vehicles judged equally
noisy might vield different meter readings. It might be argued that shortcomings
of the meter should not be permitted to ™ penalise " the vehicle giving the higher
reading but which is still subjectively acceptable. To offset this, upward adjust-
ments of the basic level would be teguired of, say, three standard deviations
of the residual scatter due to the shortcomings of the meter. The upward adjust-
ments would amount to about 4 dB, 3 dB and 7 dB for petrol-engined vehicles,
diesel-engined vehicles and motor-cycles respectively.

It should be appreciated that any upward adjustment that is made in order
to avoid the “ penalisation ™ of vehicles by the shoricomings of the meter, must
result in a reduction of the proportion of listeners who are “ protected ”. Thus
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various levels may be set corr gtn“mlsy . “acceptable ", * quiet ", &c.,
and according to the degree * protection " required by the ltatme.rs., or the
vehicles, or both.

By way of illustration the case is considered in which the basic point on the
subjective rating scale at Whlch “pmtmmn " is required is the demarcation
between “ acceptable ” and “ no Referring to Table III, this point is repre-
sented by sound-levels of 79-5 dB, 80-5 dB and 82-5 dB {A} for petrol-engined
vehicles, diesel-engined vehicles and motor-cycles respectively, and if no vehicle
exceeded these sound-levels approximately half the listeners would judge them to
be * just acceptable ™. It is f}? interest to note that the average listener permits
afsmdhghthr higher sound-level (A) for motor-cycles than for the other two classes
o es.

If it is required to * protect™ all listeners then 12 dB (3o criterion) should be
subtracted from the basic levels quoted above resulting in sound-evels of 67-5 dB,
68-5 dB and 70-5 dB (A) respectively for the three classes of vehicles. On the
other hand, if it is required that no vehicle is * penalised " by the shortcomings
of the meter, then upward adjustments should be made to the basic levels
amounting to 4 dB, 3 dB and 7 dB (A) (3¢ criterion) resulting in sound-levels
of 83-5 dB, 83-5 dB and 89-5 dB (A) for petrol-engined vehicles, diesel-engined
vehicles and motor-cycles respectively.
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