Psychological Reactions
to Aircraft Noise

Possible methods of evaluating the acceptability
of the noise from aircraft are presented.

The subjective reactions of people
to noise (here defined as unwanted
sound) have for the most part been
studied with two somewhat different
questions in mind: (i) What is the pre-
cise quantitative rtelation between the
physical characteristics of sound and
the subjective attributes of pitch, loud-
ness, and noisiness? (ii) Does noise
cause physiological or psychological re-
actions that tend to affect general be-
havior and to interfere with the per-
formance of physical or mental work?

In certain respects the first set of
problems takes precedence over the
second, more “practical,” set. For one
thing, problems in the first set appear
to be simpler and more amenable to
quantitative research; second and more
important, an understanding of these
basic relationships may provide con-
siderable insight into the effects of
noise on general behavior—that is, on
the problems of the second set. Here [
discuss the basic psychological attri-
butes of sound; behavioral reactions
and auditory fatigue from exposure to
noise; and, finally, community reaction
to the noise from jet aircraft.

Attributes of Sound

A subjective attribute of sound can
be defined only in operational terms.
An experimenter asks subjects to make
judgments about sounds according to
certain prescribed instructions. For ex-
ample, he asks them to adjust the
frequency of a pure tone until it ap-
pears twice as high in pitch as it did
before, or to adjust the intensity of a
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sound until it appears to be half as
loud, or to adjust the intensity of a
sound until it appears to be as noisy,
or as acceptable if heard periodically
in the home, as a reference sound.

From the results of such experi-
ments, graphs and tables showing the
relation between the spectrum of a
sound and its pitch, loudness,” and
noisiness, as judged subjectively, have
been derived. Although the effects up-
on these judgments of some physical
parameters, such as the duration and
the complexity of a sound, have not
been fully studied, there is general
agreement about the functional rela-
tionship between the general spectrum
and intensity level of sound and the
apparent pitch, loudness, and noisiness
of the sounds to the average observer.

Needless to say, in these investiga-
tions the judgments of the different
observers differ, but the variation is sur-
prisingly small. For example, about 50
percent of a group of people will usu-
ally agree, within =2 decibels, upon
the intensity required to make the
sound of one aircraft appear as noisy
as the sound of some other aircraft
(Figs. 1 and 2).

In the field of noise control, in-
formation about the subjective attribute
of pitch is of little relevance per se.
As for “loudness” and “noisiness,”
there has been and there continues to
be considerable debate as to which of
these subjective aspects of sound is of
most significance in reactions to the
sound from aircraft. Two things may
be said: (i) by definition, it is the
“noisiness” rather than the “loudness”
that is of most importance in the con-
text of estimating people’s aversive re-
action to sound; (ii) it is an experi-
mentally established fact that the loud-

ness of a sound as established by physi-
cal measurements does not usually cor-
respond with its loudness and noisiness
as judged subjectively. These func-
tional relationships between the physical
nature of a sound and the subjective
attributes of noisiness and loudness
are determined with sounds having
little or no semantic or emotional
meaning to the listeners. In brief, it
has been found that there apparently
is a basic “unwantedness” or “noisi-
ness” to sound beyond that due solely
to its measurable loudness. This “noisi-
ness” increases at a somewhat greater
rate than the loudness does as (i) the
pitch of a sound is raised (Fig. 3);
(ii) the complexity of the spectrum is
increased (Fig. 4); and (iii) the duration
is increased beyond 200 milliseconds
(Fig. 5) (loudness is judged to be con-
stant for sounds that continue at a
steady level for longer than 200 milli-
seconds).

It seems reasonable to assume that
these basic reactions underlie, if they
do not strongly determine, average re-
actions of people to sounds and noises
in everyday life. If one accepts this
assumption it follows that choice of
the physical parameters that correlate
or give promise of correlating most
highly with subjective judgments of
noisiness is fundamental to the defi-
nition and physical measurement of
noise in general.

Reasonably high correlations have
been found between (i) judgments of
the noisiness of sounds in general and
of the sounds from piston-driven and
jet aircraft and (ii) the so-called “per-
ceived noise level” obtained by sum-
ming, in a certain manner, sound pres-
sure {evels of octave or one-third oc-
tave spectral bands. This perceived
noise level of a sound is calculated by
weighting the sound pressure levels of
the bands in a prescribed manner
(I-3) and summing the results in ac-
cordance with procedures developed by
S. S. Stevens (4) for estimating the
loudness of sounds of differen{ band-
widths. The commonly used unit of
loudness is the phon; the unit for per-
‘ceived noise level (in decibels) is called
the “PNdb.” As a practical matter, the
loudness level, in phons, and the per-
ceived noise level, in PNdb’s, of a
sound are usually calculated from
acoustical measures of the sound rather
than found by subjective judgment
tests.

Other, more complex methods (5)
and less complex methods (6) of mak-
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ing and manipulating physical mea-
surements of sound pressure level may
also provide high correlations with
subjective judgments of the noisiness
of a given set of sounds, but PNdb’s
seem to consistently give predictions
of judged noisiness that are as good
or better than the results obtained with
these other methods (see Tables 1-3).

It should be emphasized that octave
band measurements do not define or
“analyze” the complex spectrum of an
aircraft noise in as detailed a way as
the human auditory system does. In
particular, it appears that in some cases
the presence of strong, pure-tone com-
ponents (which often occur in jet air-
craft noise) increases the subjective
noisiness of the sound above the level
predicted by the octave band measure-
ments and therefore by the calcula-
tions, based on these measurements,
for perceived noise level in PNdb’s
(2, 7, 8). Some data have been col-
lected which suggest that one-third-
octave band measurements may be re-
quired for identification of pure-tone
or “line” spectrum components in a
complex sound and for appropriate cor-
rection of the calculated value for per-
ceived noise level to take account of
the effect on perceived noisiness of this
“pure-tone factor” (see Fig. 6). How-
ever, some recent data (9) raise ques-
tions about how best to incorporate
this pure-tone factor into the physical
measurement and calculation proce-
dure to obtain results that have the
most meaning in terms of human judg-
ments. Additional research on this
problem is required before these “pure-
tone correction factors” can be used
with confidence.

Another variable that has been
studied relative to judged noisiness of
sounds is the duration of the sound.
It was found that, over the range from
about 2 to 12 seconds (the only time
intervals so far studied), increasing the
duration of a sound increased its judged
noisiness. Doubling the duration of a
sound while keeping the peak sound
pressure level constant was found to
be equivalent in its effects on judged
noisiness or judged acceptability to in-
creasing the sound pressure level by
4.5 decibels (or the perceived noise
level by 4.5 PNdb) but keeping the
duration constant (see Fig. 5). It is
interesting to note that in British (10)
and Dutch (/1) sociological surveys,
doubling the number of jet flyovers
per day produced the same degree of
annoyance in the community as keep-

18 MARCH 1966

ing the number of flyovers constant
but increasing the perceived noise level
of each flyover by 4.5 PNdb. While
this similarity between the effects on
noisiness, as judged by individual sub-
jects, of increasing the duration of a
sound and the effects on overall an-
noyance in a community of increasing

the number of daily occurrences of a
sound may be purely fortuitous, it
would seem to suggest that the impact
of aircraft noise on a community could
perhaps be rather simply calculated
from spectral and temporal measure-
ments of aircraft noise.

More laboratory tests should be con-
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Fig. 1. Results of judgment tests made according to the method of individual adjustment.
Each of 36 subjects adjusted the level of recorded sounds until they appeared to be
equal to the standard sound (94 decibels, from a Super-Constellation) in noisiness or
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(2)]

ducted to determine the relation be-
tween duration and perceived noise
level at both longer and shorter dura-
tions than those studied to date. Of
particular importance to the evaluation
of aircraft noise would be studies of
these relations for acoustic signals as
short as sonic booms.

General Behavioral Reactions to Noise

Numerous laboratory and industrial
studies have been made in attempts to
show that noise has an adverse effect
on the performance of physical and
mental work (72). By and large, the
results of these studies show that noise
per se probably has little or no ad-
verse effect upon performance provided
the work does not require auditory
communication of some sort. These
results were found even in environ-
ments where the noise levels were
such that near-daily exposure over sev-
eral years would cause some permanent
deafness. Incidentally, the noise due
to aircraft flyovers even in communi-
ties immediately adjacent to an air-
port cannot cause any significant au-
ditory fatigue because the noise occurs
for very brief periods followed by long
periods of relative quiet (I3, /4).

These and related experiments have
shown, nevertheless, that people ex-
posed to the noise object to it, the
specific noise levels found acceptable
being a function of the activity the
person is engaged in. For example, the
judged “threshold of annoyance” is
found to vary, for steady-state sound,
between about 40 and 90 PNdb, de-
pending upon whether the person
was a ‘“conference room” worker, a
clerical worker, or a worker in a ma-

Table 1. Comparison of the intensities, as assessed by various methods of physical measurement, of various n_oises subjectively judged
to be equally acceptable. The method of measurement having the sm allest “range” and the smallest “average dlffqrence from standard”
best predicts the results of the subjective judgment. An ideal method would have a range of zero and an average difference from standard

of zero. [After Kryter and Pearson (2)]

Overall Stevens (phons) anlc/k3er * PNdb
. vera A scale B scale C scale -
Noise “flat” 1/3- . octave 1/3-
(db) (db) (db) (db) octave (Lc;];x(\;e band octave (‘)Jilt;:{e
band (phons) band

150-300 cy/sec 92.0 82.0 90.5 92.0 90.5 89.0 92.5 93.0 92.5
600-1200 cy/sec (standard) 90.0 90.0 90.0 90.0 93.5 93.5 97.0 94.0 94.5
24004800 cy/sec 80.5 79.0 78.5 79.5 86.5 88.0 87.0 90.5 93.0
4800-10,000 cy/sec 80.0 74.5 75.0 76.5 90.5 90.5 89.0 90.5 88.5
150-4800 cy/sec, “flat” 80.5 79.5 79.5 80.0 90.5 92.5 95.5 92.5 91.5
150-4800 cy/sec + 83.0 81.0 81.0 81.5 94.0 90.5 96.5 96.5 95.0
150-4800 cy/sec-12 db/octave slope 84.5 80.5 83.0 84.5 89.0 87.0 95.5 90.5 90.0
Diesel engine 87.0 79.0 84.5 87.0 89.5 88.0 95.0 91.0 90.0
707-120B Landing Turbofan

with “Hushkit” 80.0 80.0 80.0 80.0 91.0 89.0 95.5 93.5 92.5
Range 12.0 155 15.5 15.5 7.5 6.5 10.0 6.0 6.5
Average difference from standard —6.5 —10.4 —8.5 —17.4 —3.3 —4.2 —3.7 —1.8 —2.4

% Values calculated by E. Zwicker.
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chine shop (15). Somewhat similarly it
has been found that, in a community,
the threshold of annoyance due to in-
termittent real-life sounds (from air-
craft, automobiles, and so on) varies
between about 50 and 90 PNdb (see
10).

These judgments are undoubtedly a
joint function of a general “bother-
someness” level composed, perhaps, of
(i) concern (conscious or unconscious)
about damage to one’s hearing, (ii) the
masking of speech or other desired
auditory signals, and (iii) interference
with sleep. We have data concerning
some of these effects. For example,
exposure to a noise level of 90 PNdb
for 4 hours can cause a temporary rise
of as much as 15 to 20 decibels in
the threshold of auditory sensitivity
(14), and a jet flyover following take-
off, with a noise level of 85 PNdb, will
mask approximately 25 words of con-
versational speech (see Table 4). There
are no precise quantitative data con-
cerning effect on sleep, but it appears
that during evening hours aircraft
noise must be about 10 PNdb less than
during the day, and 20 PNdb less than
during the hours from 1 a.m. to 7 a.m.
to cause equal complaint activity per
aircraft operation (Fig. 7). These find-
ings are undoubtedly related to inter-
ference with sleep or the process of
going to sleep and have been partially
verified by laboratory experiments.

It should be noted that these several
effects of intense sounds are some-
what similarly related to the spectrum
of the sound, at least over the im-
portant frequency range from about
100 to 2000 cycles per second; pro-
gressively higher frequencies in that re-
gion tend to produce: correspondingly
greater auditory fatigue and judgments
of greater noisiness, greater masking
of speech, and increased arousal from
sleep. It is undoubtedly primarily for
this reason that community reaction to
aircraft can be fairly well estimated on
the basis of physical measures of
sound, such as the PNdb.

Community Reaction to

Jet Aircraft Noise

The problem of community reaction
to aircraft noise is, among other things,
a statistical question. Some people will
be annoyed by sounds that others ac-
cept, and this difference in turn is in-
fluenced by what these individuals are
doing from moment to moment. There
is evidence, incidentally, that after an

*18 MARCH 1966

initial adjustment, a person becomes
less, rather than more, tolerant of con-
tinued exposure to aircraft noise (see
17).

Second, community reaction is a rel-

Table 2. Coefficients of correlation between
physical measurements and subjective ratings
of the sound from several vehicles (trains,
automobiles, and aircraft). [After Cohen and
Scherger (27)}

ative matter. The seriousness and im-
portance of the annoyance due to air-
craft noise will undoubtedly be viewed
in the light of the noise environment
as a whole.

Third, it is a matter of equities. This
factor cannot be judged on a scientific
basis; it is a matter of opinion con-
cerning the rights of individuals to be
protected from nuisances, and the wel-

fare of the community as a whole.

Pearson Spearman .
Measurement product ra(x;k My remamir}g comments are di-
moment order rected toward (i) the three aspects of
coefficient  coefficient . .
the problem that are given above; (ii)
Phons (Zwicker) .96 98 ftard s _
Phons (Stevens) 91 ‘9 cr‘Jterla ‘of unac;ceptabnhty of commu
PNdb 90 92 nity noise environment; and (iii) a
db(A scale) .83 a2 possible future aircraft noise problem,

db(C scale) 75 .68

the sonic boom.

Table 3. Provisional values reported by Copeland et al. (28) for differences in measured
sound pressure level (SPL), calculated loudness (Stevens’ phons), and calculated perceived
noise levels (PNdb) for pairs of piston-driven (A) and jet (B) aircraft judged subjectively to
be equally “loud” and equally “disturbing.” A minus value indicates an underestimation of the
loudness (as calculated from sound pressure level) of aircraft B relative to aircraft A or of the
noisiness (as calculated from sound pressure level) of B relative to A. For example, when the
listeners judged the Boeing 707/120 to be as loud as the Super-Constellation, the calculated
loudness was 3.1 phons lower for the Boeing 707/120 than for the Super-Constellation.
Similarly, a plus value indicates an overestimation for B relative to A. The smaller the values,
the greater the agreement between the physical measures (SPL, phons, PNdb) and the
subjective judgments.

A vs. B when judged A vs. B when judged

Aircraft equally loud equally “disturbing”
o SPL, C Stevens’ SPL, C Stevens’
A B scale hons PNdb scale phons PNdb
(dby  PRO™ (db) :

Super-Constellation  Boeing 707/120 —9.0 —3.1 +4-0.7 —10.8 —5.1 —1.3
Super-Constellation ~ Vulcan Mk. I (jet) —4.7 —14 407 — 60 —27 —0.6
Vulcan Mk. I Boeing 707/120 —52 —2.6 —0.9 — 5.5 —2.9 —1.2
Average —6.3 —24 402 — 74 —-36 —1.0

100

OVERALL SPL OF

'g ) TONE PLUS BAND O LOUDNESS
g ® OF SOUND OF EQUAL @ NOISINESS
x (~)LEVEL OF BAND
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Fig. 5. Results of loudness and noisiness judgment tests (made according to the method
of paired comparisons), showing that the presence of a pure tone in a band of random
noise resulted in judgments of increased noisiness but did not appreciably influence
judgments of loudness. That is, the overall sound pressure level of the comparison
sound (tone plus band of noise) had to be less than the sound pressure level of the
standard sound (band without tone) for the comparison sound to be judged equal to
the standard in noisiness, but the overall sound pressure level of the comparison sound
had to be at least equal to the overall sound pressure level of the standard for the
comparison sound to be judged equal to the standard in loudness. [From Kryter and
Pearsons (2)]
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Fig. 6. Graph showing numbers of decibels to be added, prior to calculation of the
perceived noise level, to the sound pressure level of the band containing the pure-tone
component (see text). The parameter is the ratio, in decibels, between tone and noise
measured separately within a band (T/N) or the ratio between the level of the band
containing tone and noise together and the level of adjacent bands (T 4+ N/AN) when
measured with full octave, one-third octave, or one-tenth octave band filters. [From
Kryter and Pearsons (8)]
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Table 4. Percentage and number of words that would be masked in speech following takeoft
flight operations for each of four aircraft. [After Kryter and Williams (29)]

Number

. of words,
Peak PNdb .Tlme Words r'nasked spoken at
interval during
level * a rate of
between test (%) 140 words
Aircraft levels per min.
Aircraft altitude - 15 PNdb that would
(ft) below be masked
peak In- Out- _—
Out- In- level*® door door In- Out-
doors  doors  (sec) 69-db  84-db door  door
speecht speecht 69-db  84-db
speecht speecht
7077120 (jet) 1500 109 91 35 46 48 37.5 39.1
T20B (jet) 1980 112 94 23 39 42 20.9 22.5
727 (jet) 1500 105 89 25 19 34 11.1 19.8
Super-Constellation
(piston-driven)

1350 101 86 24 9 13 5.0 7.3

* As determined on playback of sound tape. t The loudness of conversational speech under quiet
conditions is typically 58 db 3.3 feet from the speaker. The levels of speech used in these tests
correspond to very strong conversational effort (69 db) and shouting (84 db), in imitation of
speech that might be used in the presence of aircraft noise.

Table 5. Number of people with various ‘“annoyance” scores, classified by calculated noise
level and number of aircraft per day. [After Wilson (10)]

Average

Aver: Number
Noise number Annoyance score Verage - of
level in  of air- — — a:gsg" people
PNdb craft 0 1 5 3 4 5 score in
per day stratum
8490  5.75 230 128 113 5 5 31 1.1 512
84-90 22.5 45 33 26 17 12 22 1.9 155
84-90 81 5 7 2 7 10 7 2.8 38
91-96 5.75 51 41 28 17 11 10 1.5 158
91-96 22.5 90 64 55 45 35 32 1.9 321
91-96 81 18 15 13 23 18 23 2.7 110
97-102 5.75 2 1 3 i 2 7
97--102 22.5 13 9 20 16 11 13 2.5 82
97-102 81 20 22 38 26 30 0 64 3.1 200
103-108 5.75
103-108 22.5 1 1 5 2 2 32 11
103-108 81 11 7 17 16 19 67 3.6 137
1350

Statistical Nature of

Sociological Surveys

The most comprehensive study vyet
made of the reactions of people to
noise in their communities due to the
activity of commercial aircraft was
conducted by the British Government
in 1961 (Z0). This study was concerned
primarily, but not exclusively, with the
question of reactions to aircraft noise
within a 10-mile (16-kilometer) radius
of London’s Heathrow Airport. Previ-
ous studies of this type had been made
in the United States in communities
near military air bases (17, 18).

Table 5, from the British study,
shows the statistical nature of individ-
ual reactions to aircraft noise; for ex-
ample, a small percentage of people
found the lowest noise levels extremely
annoying (annoyance score, 5) and a
small percentage found the highest
noise levels not at all annoying (an-
noyance score, 0). In general, however,
there is an orderly progression in an-
noyance as a joint function of the
PNdb value and the number of oc-
currences per day of the noise. Using
data of this sort, the British derived
what they call the Noise and Number
Index, or NNI. Essentially, this index
states that an aircraft noise below 80
PNdb contributes little or nothing to
annoyance and that the contribution
to overall “noisiness” of the number
of occurrences of a typical flyover
sound can be represented by 15 log,,N,
where N is the number of events.
Specifically, their formula is, NNI=
average of peak PNdb levels +15
log,,N—80.

The British survey revealed interest-
ing relations between the NNI and the
percentage of people reporting various
types of disturbances. Some of these
results are shown in Figs. 8-12.

The British procedure is essentially
that developed earlier in the United
States by the staff of Bolt Beranek
and Newman Inc. for the U.S. Air
Force (/9) and the Federal Aviation
Agency (20), except that the U.S. pro-
cedure equates the number of occur-
rences on the basis of an equal-energy
concept. According to this concept the
effect of repetitions of a noise becomes
equal to 10 log,,N rather than to the
15 log,,N used by the British. The
difference between these two methods
is rather unimportant in view of the
rather large variation in the ratings, by
members of a community, of annoy-
ance due to noise.
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It would appear, from both the Brit-
ish and the U.S. studies (see Fig. 11),
that an aircraft flyover sound having
a noise level of 80 PNdb or less is of
no concern to a community as a source

Fig. 11, between the U.S. and the
British studies as to what level of noise
from a single flyover would be judged
unacceptable, Part of the problem
here is, of course, the meaning of the

of noise. There is, however, possibly descriptive words to the different
some disagreement, as indicated in groups of subjects in the several
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Fig. 7. Graph of judged degree of annoyance relative to takeoff activity around one air-
port; the values are plotted by the hour for a 24-hour period. The data for 9 months
were averaged. Takeoff activity is expressed as the percentage of the day’s events occur-
ring in the hour indicated. Note that the degree of annoyance relative to takeoff activity
increases in the evening, particularly in the period when people retire for the night.
[From Beranek, Kryter, and Miller (30)]

studies. In any event the data of Fig.
11 are perhaps of somewhat academic
interest in that one cannot set a rea-
sonable upper bound for allowable
noise levels without considering the
number of occurrences of the noise
and the duration of each occurrence.

Comparison of Different Noise Sources

One way to estimate the impact of
aircraft noise upon a community is
to compare the perceived noise levels
for sounds generated by aircraft with
those for other community noises; such
a comparison is presented in Fig. 12.
It is difficult to draw a single curve
to represent the noise from jet air-
craft, particularly following takeoff.
Different aircraft have somewhat dif-
ferent flight characteristics, and reduc-
tions in engine power at various stages
after takeoff reduce the noise level. On
the other hand, the takeoff noise de-
picted is for short- and medium-range
jet aircraft, but longer range, more
powerful jets generate higher noise lev-
els than the takeoff noise levels shown
in Fig. 12. As may be seen in Fig. 12,
jet aircraft noise is greater by an order
of magnitude than other common
noises, and it is, therefore, not sur-
prising that communities near airports
complain about it.

The Port of New York Authority,
on the basis of considerations of the
perceived noise level of jet-aircraft fly-
over sounds and the number of air-
craft operations involved, has speci-
fied that aircraft shall be operated in
such a way that the noise level in
neighborhoods adjacent to the airports
shall not exceed 112 PNdb. However,
the upper limit was based on the view
that the upper noise level should be
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comparable to the noise level equaled
or exceeded by 25 percent of the
piston-driven aircraft 212 miles from
the start of takeoff roll [that is, a
mile or so from the airport (20)]. The

British Ministry of Aviation, using
somewhat similar reasoning, has
adopted upper limits of 110 PNdb for
daytime aircraft operations and 100
PNdb for nighttime operations.
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Adoption of the limit of 112 PNdb
by the Port of New York Authority
does not mean that this is necessarily
a tolerable level, particularly in view
of the number of aircraft operations
at New York airports. Some commu-
nities near New York airports were
engaged in legal action concerning the
noise from conventional aircraft prior
to the introduction of jets, and law-
suits concerning the noise of jet air-
craft near New York City are now in
progress. These facts seem to indicate
that a number of people find a dis-
tribution of aircraft noise levels whose
upper limit is around 112 PNdb, un-
acceptable.

It is obvious that air transportation
benefits a community and that air
transportation is an important part, of
our economy and way of life. Perhaps
the annoyance and disturbance suf-
fered by some people is the price that
must be paid. The noise levels can, of
course, be reduced by designing or op-
erating the aircraft so that they are
somewhat less efficient (that is, are
more expensive to operate) than they
are now, or by locating the airports
farther from communities. How much,
if any, the noise must be reduced and
how far the airports must be placed
from the communities are still, ostensi-
bly, unanswered questions.

Criteria of Unacceptability

People and agencies concerned with
the problem of aircraft noise in com-
munities have requested engineers and
scientists to (i) quantify and categorize
the effects of aircraft noise on people,
and (ii) derive from the data some
criterion or criteria for specifying what
noise environments should be consid-
ered unacceptable.

By and large, the first of these tasks
seems fairly -well in hand, though fur-
ther work remains to be done. But the
second is a more difficult matter that
depends upon the exercise of personal
value judgments. Three criteria for the
evaluation of aircraft noise in a com-
munity are suggested below, primarily
to illustrate possible methods for using
psychological and sociological data in
the specification and use of such
criteria.

Criterion 1. A new or novel noise
environment that is comparable in ba-
sic noisiness to a noise environment
known and considered by the average
person to be significantly unacceptable
at a residence will likewise be con-
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Table 6. Number of occurrences of aircraft
noise and averages for peak PNdb’s exceed-
ing 80 required to achieve a Noise and Num-
ber Index of 45 or a Composite Noise Rating
of 100, for typical civil aircraft operating
during the hours from 7 a.m. to 10 p.m.

Average peak PNdb

Number of
occurrences  NNf = 45  CNR = 100
1 125.0 115
2 120.5 112
4 116.0 109
8 115 106
16 107.0 103
32 102.5 100
64 98.0 97
128

93.5 94

sidered significantly unacceptable at a
residence. Obviously the expressions
“average person” and “significantly
unacceptable” render this criterion
open to interpretation and adjudication.
But the approach may have some merit
in that it allows persons to evaluate a
noise environment that is relatively
unknown to them with another with
which they are more familiar. Many of
the people making decisions about the
possible effects of aircraft noise upon
people in communities near airports
have not been repeatedly exposed to
such a noise environment.

Figure 12 suggests that aircraft noise
in excess of 100 PNdb might be con-
sidered by a significant number of peo-
ple to be unacceptable in their homes,
inasmuch as that is the approximate
noise level 50 feet (15 meters) from
trucks or motorcycles at maximum
highway speed or in the course of ac-
celeration, or 200 feet from a diesel
train going 30 to 50 miles per hour.
These comparisons, to be most mean-
ingful, should include not only peak
PNdb levels but also the number and
duration of occurrences. In these re-
spects the exposures to aircraft, truck,
motorcycle, and train noise differ great-
ly, not always in favor of the aircraft
noise.

Criterion 2. A noise environment
having a Composite Noise Rating
(CNR) (see 21) which indicates that
vigorous complaints and concerted
group action against the noise may
possibly be made is considered unac-
ceptable. These are the expected re-
sponses for a CNR of 100 to 115 (see
21). Table 6, column 3, shows the
average peak PNdb levels for various
numbers of occurrences of aircraft
noise (column 1) which, if they oc-
curred between the hours of 7 a.m.
and 10 p.m., would provide a rating
of 100.

Criterion 3. A noise environment
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having a Noise and Number Index
which indicates that about 50 percent
of the people will report that they are
disturbed by the noise in various ways
is considered unacceptable. Figures 8—
11 indicate that such an environment
would have an NNI of 45. Table 6,
column 2, shows the average peak
PNdb levels per occurrence which
would provide an NNI of 45.

In short, it is deduced that a noise,
repeated fairly often during each day,
having a peak level of 100 PNdb
(criterion 1) or a CNR of 100 (cri-
terion 2) or an NNI of 45 (criterion 3)
would probably be rated unacceptable
by about 50 percent of the people in
a residential community. It is deduced
on the basis of all three criteria that

30 to 40 daily repetitions of an air-
craft noise at 100 PNdb would prob-
ably be rated unacceptable by many
people.

Some persons may feel that the
proposed criteria and the specifications
of noise environments that meet these
criteria would lead to undue restric-
tion on the generation of noise; oth-
ers, on the other hand, may feel that
they are not sufficiently restrictive. Al-
though one may argue about criteria of
unacceptability, the physical data that
have been obtained to describe noise
environments and the psychological
and sociological data describing indi-
vidual and public reactions to the noise
environments appear to be valid and
reliable.
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Subjective Noisiness of Sonic Booms

Aircraft that fly at supersonic
speeds are being developed in both Eu-
rope and the United States for com-
mercial aviation. In addition to the

typical jet noise made during takeoff
and approach to landing, when the
aircraft is traveling at subsonic speeds
[a detailed analysis of this problem has
been made by Greatrex (22)], these
aircraft will generate a shock wave,

Table 7. Results of test of subjective “acceptability” of simulated sonic boom and of noise
from subsonic jet aircraft. [After Pearsons and Kryter (25)]

Anticipated

Typical PNdb

PNdb values for subsonic jet aircraft values for noise

typical that would be judged of equally 1.5 miles from
sonic boom acceptable noisiness airport after
(Ib/ft?) takeoff of
Indoors™® subsonic jet
n # ;
Out-  In- Out- _ aircraft
doors doors doors Out- In-
No rattle Rattlet Rattlet doors doors
Under flight path 1.5 0.34 92.5 81.5 95 95 112 95
=+ 4 miles to side
of flight path 1.3 .29 91.5 825 94 94 70 55
=+ 8 miles to side
of flight path 1.0 23 90.5 79.5 92 92

* For the indoors “no rattle” tests, a heavy metal door was used for the test chamber; for the

indoors “rattle” tests, a plywood door with a glass window was used,

(25). ¥ Broadbent and Robinson (24),

1 Pearsons and Kryter
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the so-called sonic boom, when their
speed is supersonic. The shock wave
on the ground, from commercial air-
craft reportedly will be of the order of
2 pounds per square foot (950 dynes
per square centimeter) when the air-
craft is in supersonic climb, and 1.5
pounds per square foot (720 dynes per
square centimeter) at cruising altitude.

Considerable concern has been ex-
pressed over the possible adverse ef-
fects of this sonic boom upon people
in their homes, and, indeed, the de-
sign, development, and operational use
of the supersonic air transport are and
will be strongly influenced by estimates
of these effects. No definitive answers
can yet be given about the possible
effects, but some useful information is
available (summarized in 23) from two
psychological studies of reaction to the
sonic boom, by Broadbent and Robin-
son (24) and by Pearsons and Kryter
25).

Broadbent and Robinson conducted
a laboratory study in which listeners
compared the annoyance of the sound
made by subsonic jet and conventional
aircraft with the annoyance of sonic
booms (or “bangs,” as they are called
in England) as heard in a house. The
sonic booms were recorded on mag-
netic tape in a house under the flight
path of the supersonic aircraft. This
recording was played back over a loud-
speaker system in a soundproof and
semianechoic chamber. The noises
from subsonic jet and conventional air-
craft were recorded outdoors when
these aircraft were flying overhead. The
subject was asked to listen to pairs of
recorded sounds—the sound of conven-
tional aircraft and the sound of sonic
boom—and to assign a numerical value
for the annoyance caused by the
boom relative to a value of 10 “units
of annoyance” assigned the sound of
the conventional aircraft.

In the studies of Pearsons and Kry-
ter the subjects adjusted the level of
recorded sound of a subsonic jet air-
craft until it was equal in noisiness or
acceptability to simulated sonic booms
as heard indoors and outdoors. The
subjects were seated in a small, airtight
cubicle, and the booms and other
sounds were presented by means of a
loudspeaker system.

Table 7 summarizes the findings of
these two investigations; when similar
conditions were investigated, the results

~of the two studies are in close agree-

ment. The data of Table 7 suggest
several conclusions.
1) As heard by a subject outdoors
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and under the flight path of the air-
craft, the sonic boom would be ap-
preciably less bothersome than the
sound of a subsonic jet about 1Y%
miles from an airport after takeoff.

2) As heard indoors by a subject
under the flight path of the aircraft,
the sonic boom would be about as both-
ersome as the sound of the subsonic
jet about 1%4 miles from an airport
after takeoff.

3) Persons indoors not directly un-
der the flight path of a supersonic jet
but within 8 miles to either side would
be bothered by the sonic boom to

about the same degree as persons in-

doors directly under the flight path of
a subsonic jet about 1%2 miles from
the airport would be bothered by the
noise of the aircraft.

In general, one might conclude from
these two studies that with the advent
of the supersonic transport many more
people, of the order of tens of millions
(25a) will be exposed to a sound that
is as noisy or as objectionable as that
now experienced under the flight path
of jet aircraft within about 112 miles
from an airport (26).
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