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INTRODUCTION

In May 1964, acting on the advice of the President's Advisory
Committee on the Supersonic Transport, President Johnson
requested the National Academy of Scicnces to provide guidance
on an .expanded program for studying the sonic boom and the
cffects that would result from operation of a supersonic
transport. Accordingly, Dr. Frederick Sceitz, President of the
Acadeny, established the Comalttee on SST-Sonic Room under the
chairmansbip of Dcan John R. Dunning, School ¢{ Enginceriiy
and Applied Science, Columbia University.

The Cormittce ftself has formed special panels in several arcas
in order to provide expert knowledge in all the arcas that are
fnvolved. Thus, a pancl of architects, enzincers, those with
experience in the use of explosives and those with knowledge

of major structural materials has examined the arca of struc-
tural responsc. Similarly, an {unsurance pancl, composed of

the major airline undervriters, has examined the projected
cffect on airlinc insurance costs from operation of supersonic
aircraft, and a swall giroup of behavioral scicntists have
looked at probloms of public responsc.

The National Academy of Sciences has also utilized cstablished
units within the Academy in problem arcas important to sonic
boom considcrations. Arrangerments have been made with the
Building Rescarch Advisory Board and the Coanmittee on Hearing
and Bio-Acoustics to provide advisory scrvices on the structural
and material effects and the physiological effects, respectively,
Each of thesc groups has examined the sonic boom question and

has submitted the results of their cxaminations to the Committee
on SST-Sonic RBoom for inclusion in this report.

The Comittee on SST-Sonic Boom has three irmedfate goals (1)
the developrent of advice on the planning and analysis of
sonic boom tests, (2) examfunation and analysis of available
data on the sonic boon for the purpose of assisting in deter-
mining the feasibility of SST operations, and (3) the prepara-
tion of recoamnendations covering the dircctfon and emphasis on
rescarch pertafnfing te the sonic boom problem.

The Conmittee first met in July 1964 and has becn meeting at
approxinately four week intervals since then, It has been
bricfed on sonic boom tests, such as at Oklahoma City, and on
Air Force and NASA rescavch on the mathematics involved in
calculating sonic boon characteristics and their reclation to
afrcraft design and performance. The Boeing, Lockhced,
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General Electric, and Pratt and Whituey companies have made
presentations to the Comnmittec, and the work conducted by the
Department of Commerce on the cconomics of the supersonic
transport was described and discussed @t a Comnittee meeting.

The Committce has recognized four major problem arcas which
it is using as the major sub-divisions of this report:

1. Genecration and propagation of shock waves -
the acronautical aspcets of the problem.

2. Effeccts of the sonic booem on structures and
structural naterial.

3. Physiological effccts of the sonic booa.

4. Behavioral response to the sonic boom.

Supporting this report are the folloving:

1. THE GENERATION AND PROPAGATION €' SGNIC BOOM
SHOCK WAVES prepared by Herbert a. lHutchinson,
Wright-Pattevson Air F...c¢ Base.

2. ANATOMICAL AMD) PIYSTOLOGICAL FTFECTS OF
IMPULSTVE PRUSSURES IN AIR AND THEIR PRODAGLE
RELATIONS TO SONIC BOOS preparcd by D, H.
Eldredge, Central Institute for the Deaf, and
Henning E. von Giecvke, Wright-Pacterson Air
Force Base; and the moembers of an ad hoc
Committee of the Ceosmnitrec on Hearing, Bio-
Acoustics, and Biomecchanics.

3. LONG-RANGE STRUCTURAL RESPONSE RESIARCH AND
TESTING PROGRAM, Interim Reports 1, 2, and 3,
prepared by an ad hoc Committee on Structural
Response to SST-Sonic Boom of the Building
Research Advisory Board, National Academy of
Scicnces. The members of this ad hoc Commiteae
are as follows: John A. Robertson (Chairman),
United States Gypsum Company; Russell B. Akin,
E. I. DuPont de Newours & Company, Inc,; F. J.
Crandell, Liberty Matua: Insurance Company; Ben
H. Evans, American Institute of Architects;
John P. Gneedinger, Soil Testing Services, Inc.;
J. D. Gwyn, Libby Owens Ford Glass Company;
James R. Simpson, Federal Nousing Administration;




© E. George Stevu, Virginfa Polytechnic Institute;
Robert B, Tayler, Structural Clay Products
Research Foundation; J. Neils Thompson, University
of Texas; William J. Youden, National Bureau of
Standards; John I. Zerbe, National Lumber Manufac-
turers Assocfation; Jovr-ru K. zettel, Johns-Manville
Researzh Center; C. B, Mouk, Structural Clay Products
Rescarch Fouudation (Special Advisor); Dr. Michael
Soteriodes (Consultant); Rebert M. Dillen and Donald
M. Weinroth, Building Rescarch Advisory Board,



STATUS RLEYORT

COMMITTIEL ON SST-SONIC BOCM

SUMIARY CONCLUSTIONS

It can be stated with confidence that at th> sonic boom
intensitics anticipated for the 8§81, there will be neo
signficant direect physiological cf{fects on people,

The structural responsc to sonic booms from airvcraft the
size of the SST is not yet known. HMorcover theru is
evidence that overpressure alone is not a reliable cri-
terion and that the total impulse under the positive
portion of the pressure-time signature (pounds per square
foot times seconds) may be wmore meaningful, Rescarch to
identify fully the significant paramectcrs and to relate
them to effects is vequived., If the impulsc, rather than
overpressure, is the critical parameter, thon, depending
on the dynonic response of structures, the best current
knowledge indicates that sonic boons with total impulses
as high as 1.5 pound scconls/ft? will not cause damage

or failure of rruming members of structurea. Impulses

as low as 0.05 pound scconds/{t? may cause sane darage

to brittle materials such ac glass, plaster, gypsum
board, paint, and bric-a-brac, The frequency and sever-
ity of damage may increasc as the impulse increases,
until damage becaoacs pronounced at impulses of the order
of 0.6 pound seconrds/{t? as gencrated by F-104 and B-58
ajrcraft.

The introduction of a supuersonic transport of currently
assumad chizracteristics will iavolve significant risk
of adverse public rcaction. This can be expected to
increase as exposure to the boom incrcases and particu-
larly if it disturbs slecp. Public reaction and the
basic question of acceptability of the sonic boom can
only be settled with certainty by subjecting the
population to the actual operation of supersonic over-
flights.

The oxtent of minor claims for real or imagined damage
is very difficulr to predict and it is probable that no
research or test program can provide adequate data for




estimating the amounts involved, There is urgent neced
for the governent te entablish wniform policics and
procedures for the haudling of dawage c¢latms.,

Research on effcects of booms on aaimate and inanimate
objects must continue, with special effort on oblaining
infonnation that will bridge the gap in knowledge be-
tween booms generated by the relatively small afrcraft
that have been tested and thooe from the 58T. SST design
decisfous arc needed and can only be ob.ained by placing
more cmphasis on B-70 test flights acceapanicd by ade-
quate maasurencont of sonic boom signatures.

Aay "orrrmemtdony of an SSTowidbde the ool ctitive duturc
implics ccomiittnent to the state of the art, i.e., dircct
extension of existing experience which offer hope of only
slight lessening eof the buon, Kecent encouraging evie-
deuce of progress by NASA in rescarch on the generation
and propogation of sonic booms emphasizes the need {or
{ntensive, continued cffort in that arca and on principles
of aircraft design for reducing or making mere acceptable
the cffects of sonic boors.

Much more vigovous long range rcscarch effort needs to be
dirccted tovard the developaent of principles by which
appreciable alleviation of the boon can be achieved. Such
rescarch {s within the capability of prescent day science
and technolozy and should be caviyied out borh in-housce
and through outside contracts, Rescarch directed to the
developincnt of highly itoginative future means of
supersonic trausport should be cncouraged and financially
supported,

Moving inte the next phuse of SST development is clearly
warranted by the evidenc: frenm rescarch, tests, and
studies of sonic boom plcnoneva, Wnile no difficultics
sufficiently cogent to stop the projram have been dis-
cleosed, and while wany espects of the sonic boom are
reasonably well understood, there are some aspects where
much move inforration is necaded,

s g et gy
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GENNRATION AU PROVLCATION OF SONIC ROONS
THe AEROVAUTICAL ASPECIS OF TiiE SONIC ROOM PROBLEM

The acronautical aspects of the sonic boon problem is under-
stvod to mean the influcnce of the airplane parvamcter on the
boom phenamicnon and, cenversely, the influcence of boom re-
quirements or limitations on the airplane design and its eco-
nomic potentialities, With this in nind, answers have beean
formulated to the following specific questions:

1. 1s e peesent state of the knowledge such
that the cesential characteristics of the
sonic-boum phenomenon can be reliably pre-
dicted for a certain afrplane configmation?

2. Is tli stote of the art of supersenic air-
planc design such that the economic coun-
sequunces of limitation in intensity of the
sonfc boom can be reliably assessed?

Since the initiation of the work of the Coumittee, the large
amount of background material which is available for formu-
lating the ansvers to these questions lhias been revicwed. Neod-
less to say, this work has been helped effectively by the
presentations to the Committec and by the review work of the
staft. Necedless to say, also, that final and exhaustive
answers to tuesc quections caunot yet be miade.

State of Knowledge

The gos-dynamic equations of motion, even for {dealized con-
ditions of a still atmosphere and simplified propertics of air,
are complicated and do not generally permit surveyeble solu-
tions except for certain vestricted circumstances. That, in
spite of these difficulties, the phenomena of the senic boom
and the more coaplicated theory of design of supersonic air-
planes have rcached a satisfactory agreement between theory
and experiment is a tribute to the imagination and resource-
fulness of the leaders of this field over the last decades,
Certain specific developments may be wentioned to illustrate
these advances. The perturbation theory in which the velocity
field, besides a uniform velocity in the direction of flight,
has superposed upon it another field of smnll) velocity com-
ponents, is one of the important devices whereby the equations
may be rendered lincar., This, in turn, depends on the




fortuntte cirermitance that the 2hange of eniropy aca »
shock can be neglected to a hiigh order of aceuracy for w..';
shocks. The prosence of shedll waves, even waves of the
strength encountered in a sonic-boon phenenenon, may thu: 5.
taken into account with the aid of relatively simple theory
of iscntropic changes. A
. o
Over the years since the 1930's, thi< had led ta a theory of
lift and drag for airplance structurce. which ha: provided ¢
tational basis for the design of airplanes, reocling from .
sabsonic to the hyporconic speed recimes,

In the present context the influence upon this t'o ry of th
understanding of the conic-boom pheacucenon s mose relevant.
In the gross picture the discontinuftics and chargzes in
wwetions of the airplane, together with {ts liftlag <urface:s
as ft moves through the still air, generate a sy<ter of shec’
vaves (rescembling the bow and stern waves of ship:) which
teaches out as a conical shect with the afrplanc » its apex.
The intersection of this sheet with the surface of il earth
as it moves with the flight velocity produces the .- :c-boon
phcenomcnon. At some distance from the airplane ti

phononenon generally takes the form of the characterintic N
wave., The forward portéien of the dicturbance is a rapid
compression ~ a shocit vave; this is followed by a m~+c gradual
expansion, and then tiicee §s a second shock wave. The wave
lenpth, the distance between the two shocks, s related (as

in surface ships) to the length of the altplanc; but since

the waves are not exactly parallel, the wave length {s greater
than the length of the afrplanc.

The shapes, positions, and strengths of the two shock waves
at thc ground, even in still air, actually depend on the
detailed geonctry of the airplane, for the waves are modfified
by every detail of thd puttern of velocitics around the body
and wings. In principle, this detailed ficld could be
computed for any given confliguratfon, but the computation
would be tedious, and fortunately fit is not usually nceded.
In the hands of G, B. whithawm a practical solutien became
pos~ible by virtue of his fntuitive fnsight; following M.

J. Lighthill he postulated that the disturbances calculated
for an idcalized Mach 1ine will hold to a closc approrima-
tion when transferrcd to the actual Mach line, whose position
can alco be establishcd by an approximate methed. It is this
theory, rationalized through the extersive work by many
specfalists in RASA and in several of the atrplane companies,
that now forms the bacis for prediction of the wave form and
intensity of the sonic boom. It accounts for the shock waves
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produced by both the lifting clements (wings) of the aircraft
and its volume elements (body, nacelles, etc.). For aircrafi
at higher altitude, the part due to lift becomes the more
impotiant.

Aa important feature of this theory has recently been pointed
et by ergincers of NASA's Langley laboratories; namely, that
(Yiv rate of upproach of the disturbance pattern to this
“;ar-ficld" configuration is remarkably slow for large air-
planes like the SST, especially at climb speceds. Thus the
Whitham-Lighthill theory in its far-ficld approximation, which
predicts a rather simple N-wave at the ground ard is inscensi-
tive to details of the airplane's geometry, is not always
applazable for the SST in the climb condition. The significance
of this discovery is that the sonic-boom signature in this casc
can be favorably affected by details of airplance geomeiry.

MASA persouncl believe that, in some cases, alleviation of
grovd overjressures by as tauch as 507 in the climb might be
covonplished with little or no inercase of drag and over-
pressurc at ctuising speed. Unfortuvatcly, there does not
appear to be an analogous possibility of alleviation at highev
speeds, since ground level is definitely in the far-ficld in
this casc. Moreover, as explained elsewhere in this report,
there is cvidence that overpouessure alone is not a reliable
criterion for the structural-damage potential of the sonic

boom and that the total impulee under the positive portion of
the pressure-time signature .3y he more meaningful, It must be
recognized that these modifications of the ncar-field signa-
turc can presably not reduce the integrated impulse appreciably.
Thus if ~ur c-~jecture about the importance of impulsc is
confirmed, ..o alleviation in the near field is ilkely to be
iliusory.

It is no reflection on the great ichievemeats cf thi  theory
to emphasizc its limitations. As described above it pertains
to an aircraft in steady flight in an idealized atmosphere,
at rest with respect to the carth, and hoving known pressure
and temperature variations with altitude only. The effects
of meadwinds and tailwinds and their gradients can also be
calculated to a good approxiration. This theory has been
confiracd by a number of experiments, both in wind tunnel.
and in flight. WNcedless to say, flight tests are not carried
out under the idealized conditions cavisioned by the theory,
for the atmosphere and its winds are typically nonuniform.
Quite apart from this couplication, it is nccessary to keep
in mind the great difficulties of esaperimentation. Meaning-
ful results can only b> obtainci if the obscrver or the
instrumentation is accurately .ocated with respect to the




flight path. Fully reliable experimental results require
that not only the pressure amplitude but also the shape of
the impulse be recorded by sensitive and rapidly respond-
ing transducers.

In spite of these difficulties it is generally believed that
the prescent theory essentially accounts for the seonic-boom
phenomenon due to aircraft in steady flight in still air and
in somewhat more recalistic, but still idealized, models of
the atmosphere. This contention cannot be proven with
absclute certainty, because, as already mentioned, there are
no such idcalized atneospherie circumstances. When an attemp
is made to make full allowance for all the variables of
atmospheric influencesz, the theory becones very complicated,
although solutions may st”'1 be possible by means of exten-
sive computer progrems 1§ .ccessary. We arc doubtful that
extensive calculations of this kind would be meaningful,
They could hardly be useful as verifications of the theory,
for the detailed, transient structure of the atmosphere in
which flight tests are carried out is never recorded. And
as toon as we depart {rom standardizcd, non-turbulent models
of the atmosphere (such as the ICAQO standavd atmosphere and
the corvesponding waria- and cold-day models) we are con-
fronted with the absence of cither accepted standards ot
statistical data eof general significaunce.

This situation requires thuat experiinents of sonic-boon
phenomcnon be interpreted statistically. The experimental
series now available indicate that sonic-boom results appear
as distribution curves of probabilities, the spread from
predicted valucs apparently depending upon the degree of
departure {rom the ideal atmosphere during the period of the
test. MHence, if a sonic-boca overpressure of 2 1b/ft® is
predicted by the available theory, the experimental results
will indicate a sprecad, so that there will be a few observa-
tions up to 3 or 4 1b/ft®. There will probably be statictic
spread of overpressurcs in actual opevations because of the
focusing effects of accelcrations and flight-path curvatures

This conclusion makes it evident that the operatior of 2

t

al

futurc SST will subject structures and people in the path of

its shock waves te disturbances which can only be predicted
by a combination of the pas-dynamic theory described above
and staiistical corrections. The wmost probable intensities

can be predicted with accuracy, but the forim of the distribu-

tion curve is still copen tu conjecture and can only be
established by extensive experiments and measurements with

supersonic airplanes., The analysis of existing test programs




and the results of future test series will do much to firm
up the estimatc of the form of this distribution curve. It
is thus necessary to rccognize that limitations in the sounic
boom can never be absolute; there will always be a small
probability of more intensive shocks. As long as this must
be the case, it is important that all estimates of public
reaction to sonic booms be made with full appreciation of
this situation.

It may also be important to point out that we do not know
Just what aspects of the sonic-boom phenomenon, e.g., what
properties of the pressure-time signature, are in fact most
important in determining annoyance to humans (or other
animals), so that it may be rash to say that any gas-dynamic
thcory is adecquate in this area, It secms possible that
details of the signature (such as, perhaps, its oscillatory
content in a certain frequency range) that are almost wholly
outside the scope of the still-air theory are signficant in
determining what people and animals "hear" as a boom passes,
It {s important that this be kept in mind in the planning of
future experiments.

Influence Upon Airplance Design

Limitations of sonic-boom intensity have prescented the
designers of the supersonic transport with a variety of
problems that require insight into the entirc array of
components of the whole airplane system. The influence upon
the requirements of the propulsion system turns out to be the
most important.

Practically speaking, reductions irn the overpressure on the
ground during cruising can only be effected by increases in
the flight altitude. Roughly, each & 1b/ft% involves an
increase in altitude of about 10,000 ft. At the higher
altitudes the airplanc nust fly with a higher angle of attack
or at higher spceds; the resulting increase in drag requires
more thrust from the engines.

The greatest overpressure usually occurs during the period
of acceleration into the supersonic speed. The flight
path must be such as to produce this maxinum of boom
intensity at sufficiently high altitude. But this pcriod
of acceleration through sonic speed is typically critical
for the aircraft because of the great magnitude of tran-
sonic drag. The requirement for transenic acceleration at
higher altitude clashes head-on with the fact that

10



turbojet-engine thrust diminishes with increasing altitude;
thus sonlc-boom limitations demand over-dimensioning of the
engines, with attendant increases of aircraft size and
weight. At this point abnormal circumstances of the atmos-
phere enter the problem in their most severe form. If the
temperature of the atmosphere is higher than normal, the
propulsion systcm may not be adequate for this accelevation,
and under these conditions the limits in overpressure may be
exceeded. The conly safeguard against such a contingency is
to over-dimension the engine still further.

One of the important consequences of the sonic-boom limitation,
therefore, is in its effect on the sizing of the engines. The
relationships are excecdingly sensitive and present a typical
example of a critical design problem, vwhere an injudicious
choice may lead to absurd consequences. The situation is best
described by a curve submitted to us by Bocing Aircraft
Company which is reproduced from the paper by Kane and Sigalla
(Figure 1). This shows that if a basc point is established
for an overpressure of 3 1b/ft? during climb, the engine size
for an overpressure of 2 1b/ft2® would have to be increased by
about 10%. The gross weight of the plane would then be
increased by about 5%. However, if the limit in overpressure
were to be sctat 1-3/4 1b/ft®, engine size and gross weight
would increase many-fold, and the ecoucnic characteristics

of the airplanc would be badly, perhaps catastrophically,
compromised. A related study made by Lockheed California
Company has led to the curves of Figure 2. Here the ordinate
is annual earnings (bcfore taxes and intcrest) per aircraft;
the study was made for a series of Mach 3.0 supersonic
transports of 213 seats. The results are typical and are

much the same as those presented to the Committce by spokes-
men of the Boeing Company. They show that limitstions imposed
on permissible sonic-boom overpressure in the ¢limb {calculated
for steady flight in still air) can seriously reduce the
earning capacity of the aircraft in domestic opcration. More-
over, in international operation, where trip lengths are
longer, the deleterious effect of sonic-boom limitations is
more striking and occurs at larger values of the calculated
overpressure. It should be emphasized that these effects on
earning capacity were calculated by a simulation scheme for
transport operations involving flights of various lengths,
i.e., they have been averaged over a varicty of trip lengths
typical of domestic and international airline operations,
respectively. 1In actual fact the effect of severe sonic-boom
limitations can be more drastic in some operations. Fer
example, limitation of calculated climb sonic boom over-
pressure to less than 2.0 pounds per square foot can make it
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impossible for certain aircraft te carry out the New York-to-
Paris operation; this might render the afrcraft totally un-
acceptable for transatlantic use, effectively reducing its
earning power to zero, as far as some airlines are concerned.

This sensitivity of airplanc efficiency and economy to sonic-
boom limitations is the outstanding aspect of the whole prob-
lem. When these conclusions are viewed against the uncertain-
ties introduced through turbulence and wind and velocity
gradicents and our uncertainties as to exactly what features

of the phenomenon are responsible for damage to structures

and for annoyance and discomfort to people and animals, the
need for additional information becomes apparent.

S¢scarch Needs

It has been emphasized in the preceding paragraphs that the
sonic boom phenomenon arises from well-understood behavior

of a compressible fluid under the influence of any projectile
or counventional airplane moving through it at a supersonic
speed. Thus, at the present writing, there appears little
hope of eliminating this plenomenon, ocr ever alleviating its
effects drastically, within the scope of prusent concepts of
supersonic airplanes propelled by turbojet engines. This
docs not mean that drastic improvements cantiot be achieved

in the future by means that are prescutly unknown, but rather
that they will probably be achieved by some far-reaching new
concepts of propulsion and/or sustentation of supersonic
flight. But such future developments will require research;
imaginative minds must be brought to bear on the underlying
physical phenounena, and basic studics must be followed by
ingcanivus 1laveutions.

In the meantime, there are more immediate possibilities of
alleviation of sonic booms if supersonic flight can be

carried out at higher altitudes. This has been pointed out
above, and the great difficulties involved have been mentioned.
Still, it appcars to be the only solution within sight at
present. It therefore secms desirable to ask the aerorautical
industry (and NASA) to give immediate consideration to

mcthods of achioving higher altitudes; as has been stated
above, this is primarily a propulsion problem. To date,
studies of thrust augnzntation by use of rockcts or other
devices have not appeared cconomically attractive. Recent
deveolopments on ramjets, however, should be seriously con-
sidered; it is not clear to the conmittee that the economic
possibilities of all possible composite-powered aircraft

have bcen studied.
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Conclusions

1.

The statec of knowledge appcars sufficient to
predict with considcrable accuracy the sonic-
boom phenomena for steady flight in still air
or in various idcalized atmosphere models in-
volving head- and tail-wind gradients as well
as temperature variations.

The state of the art of airplane design is
therefore capable of developing the conse-
quences of sonic-boom limitations that are
specified in terms of the pressure-time
signature on the ground under these conditions.

Sonic-boom limitations must be made with ex-
pectation of a certain statistical spread and
will eventually have to cover a predictable
probability of a range of intensities.

The principal scurces of statistical spread in
intensity are believed to be deviations of the
aircraft from straight, steady flight and
atmospheric phenomena, particularly turbulence,
but including also other complex departures of
the real atmosphere from the idealized models
mentioned above.

It is imperative that further information be
obtained concerning the significance of various
features of pressure-time signaturcs in deter-
mining structural damage and annoyance to people
and animals. Until such information f{s available,
neither theoretical predictions of boom
intensitics nor statistical empirical information
can be intelligently evaluated.

14




STRUCTURAL RESPONSE

Since publication of the Cormittee's status reprort dated

27 Januvary 1965, preliminary summary reports on the FAA
Oklahoma City and White Sands test programs have been made
available to the Cormittee. These reports tend to confirm
the Committee's previously stated position that there is not
sufficient correlated information to constitute a barrier to
a decision to proceed with SST development, although this
lack of information prevents firm avswers to the structural
response question. These reports, together with othar perei-
nent sources of information, have been studied in depth by

a committee of the Building Rescarch Advisory Board which
was established at the request of the Cormittee. The Third
Interim Report of that commitiee is attached.

State of Knovledge

The full-scale investigations of structural respounse in
Oklahoma City and White Sands, as well as data from both
earlier and more recent tests, have produced results of

value to a long-term cffort to resolve the structural response
issue. Agrcement achieved in these tests between predicted
and free-field recorded sonic boom pressure/time signatures
has substantiated the theoretical method of predicting the
far-ficld signature resulting from constant velocity, level
flight of fighter-type aircraft and of aircraft as large as
the B-58. The more recent efforts by NASA to record the
signatures fron flights of the B-70 have been partly success-
ful, and the Ccmnittee is informed that recordings thus far
obtained tend to substantiate further the method of

signature prediction for steady speed, level flights of larger
aircraft. Thus, it is felt that the nominal pressure/time
signature that will be gencrated in the far-field by a given
configuration of S$8T in high altitudc cruise can be predicted
with confidence. Moreover, based on rocent NASA testimony,

it is felt that the nominal pressure/time signature that

will be generated in the near-ficld by an $S1 in steady speed,
level flight can also be predicted with fair accuracy. Still
to be subsrantiated, however, is the prediction of

variations in normal signatures that may result from varions
aircraft altitude-, speced-, and mancuver-changes.

The foregoing synopsis indicates confidence in predicting the
generation and propogation of the nominal sonic boom shock
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wave. From a structural response vicwpoint whercin rliw shock
wave constitutes a dynamic loading on the building or struc-
ture and its elements, however, the level of confidence in
predicting the actual loading on the structure is appreciably
lower because there can be statistically significant variations
in both the form and amplitude of recorded sonic beom
signatures. If these variations are, as suspected, attributable
principally to micrometerorological variations in the atmos-
phere, topographical Jifferences at the recording site, and
reflections from ncarby buildings, or to faulty instrumenta-
tion, it still remains to be ascertained statistically the
acutal maximum loading to be expected for predicted nominal
pressure/time signatures.

Prior to delivery of tho rcport of the DRAB special committee,
an extended discussion of the nature of building response to
the sonic boom would be gratuitous. It appears, howover,

that both the Oklahoma City and White Sands test programs haove
clearly identified those structural elements that could
possibly sustain dumage from the sonic boom shock wave gener-
ate? from supcrsonic flights of present day aircraft. Both

of these programs have demonstrated that building or structural
failure -- i.e., impairmeut of the integrity of the structural
system -- can be climinated as a possibility in any discussion
of the response of buildings to the sonic boom.

In the main, the building items found to be susceptible to
damage are glass, the cracking and crack-extending of plastur,
and nail-popping in gypsun board. There was, however, a
disparity between the results reported in the two programs
regarding thresholus of damage for these matevrials which may
be significant enough to mention. For example, at Oklahcia
City damage in the form of plaster cracking and rail popping
in existing structures at the 1.5 to 2.5 psf overpressure
level was reported, whereas at White Sands, no bocm damage was
reported below 5 psf except for paint flecking at 2 psf.

Both the Oklahoma City and the White Sands tests related the
effects of sonic booms to overpressure levels. The Coumittee
belicves, however, that it maybe the impulse rather than the
overpressure that is the critical factor in the response of
structural materials and is concerned that a satisfactory
correlation between damage and impulse level has not been
established. 1If the critical factor in causing damage to
structural elements is the impulse characteristic, then there
is a serious question 2bout the effect of sonic booms from
aircraft of the size contemplated for the SST, e.g., one with
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a time signature about 3 times as long as that of a fighter --
since the peak overpressure from the large af{recraft would have

to be correspondingly reduced.

Conc lusions

In the interim since this Committce's January 1965 report, no
new information has been furnished this Counmittee which
requives modification of its previously statcd position that
the structural responsc question poses no barrier to a decision
to proceed with step-wise developmont of the SST.

The differcnce that might be expected in the responsc by
structural material to booms from fighter type aircraft and
the SST, the need for positively establishing that another
paramcter rather than peck overpressure is the critical and
limiting factor, and the effect on $ST design criteria that

is thereby implied, make it urgent that rescarch and test pro-
grams give maximum emphasis to providing essential data on
booms from aircraft more neavly SST size.

By repcating soac of the thoughts cxpressed in the Conmittee's
January report, we seck to emphasize the fact that some boom
damage to structures can and will be causcd and scme will be
claimed, at least as long as the audible sound of the boom
resembles that of an explosion. Whether the claims will be
Justifiable will have to be determined by courts. If boom-
pressure or impulse levels are as large as those which struck
Oklahoma City, poorly-installed or marginal-thickness glass
windows, even in nuw construction, may break when booms .trike.
Poorly supported bric-a-brac will tumble from vibrating
shelves as buildings shake. Prestressed, brittle construction
materials such as plaster, tile, concrete, and glass will
sometimes crack or break when subjected to the additional
loading of a sonic boom.

Recommendations

It is to be noted that many of the structural response/dynamic
loading unknowns are not peculiar to the resolutiocn of the
sonic boeom structural responsc question. For example, the
development of dynrmic loading-response theory, the definition
of urban environmental conditions, and the estimate of future
building inventorics all have an importance that goes beyond
the SST problem. Accordingly, investigation of such items
should not be undertalen by a single agency, but should be
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undertaken by as broad a base of govermment agency - private
industry - academic institution as can be brought to bear on
these problems.

Peuding receipt of the forthcoming report from the Building
Research Advisory Board, which will contain specific
recomendations for future research, this Committee currently
makes bul two structurc-iclated reconmendations. Others will
follow, after study of the BRAB veport.

Q)

(2)

Development of one or more techniques for
simulating low-intensity, sonic-boom-like
pulse loadings of building componcuts should
be undertaken;

Whenever opportunities arc available for
obtaining more sonic-boom pressure-versus-
time signatures, particularly {rom large
aircraft, these date should be taken to
improve the statistical information now in
hand, to lecarn more about reflectances in
urban arcas, and to confirm theory regard-
ing booms from afrcraft invclved in
altitude- and spced-change mancuvers.

18




PIIYSI0LOGICAL EFFECTS

Sonic boums of intensitics of 5 1b/ft7 may be anticipated as
the maximum that might be produced by S§ST plancs in normal
operation. Such bowms will not cause direct injury to the
normal human body. This conclusion is bascd on experiunce
with explosions, including atonic bomb tests, with artillery
fire, and with very powerful sonic booms produced in low-level
flights. The margin of safety is very wide indecd. Dozcns

of individuals have been exposed to sonic boow eoverpressures
from 35 up to 120 1b/ft” with no worsc cffect than momentavy
discomfort and slight temporary ringin: and a sense of "fullness”
in the ecars,

The ear is the bady structure most sensitive to and nost
easily injured by sudden changes in air pressure, whether pro-
duced by cuplosions, sonic becas or sustained noise. Possible
injuries are rupture of the drum mowbrane and partial impaiv-
ment of hearing. The margin of safety is so great, however,
in regard to overpressure, that direct injurics {rom a sinzle
sonic boon must be considered incredible. The sonic boom is
in a different class froe sustained noise bocause of its
extreae brevity., Its freguoncy of cccurrence would be so low
that cuaulative effects on hearing can also be dismissed as
negligible. There remains only the mavginal possibility of
an i1l effect in an ear in which an artificial stapes has
been placed surgically to restore hearing in otoscleresis.,
Such an artificial stapcs might possibly be dislodged. The
hazard shtould be no greater, however, than from minor blows
or from jerks of the head.

Indirect or "Trigger" Effccts

Sonic boons cowe without waruing and are thercfore nore star-
tling than rost othor vavietics of intruding noises. Familiar-
ity with sonic booms and the knowledge that they are to be
expcected more or less regularly greatly reduce the startle
effect but do not eliminate it entirely. Stavtle reactions
can certainly precipitate accidents and injuries. Plausible
types of such accidents weuld include slipping on a ladder,
an autcomobile collision duc to distraction of a driver's
attention, a surgeon's krife slippinzg, and so on. Rather less
plausiblc would be the precipitation of a heart attack, a
stroke or other sudden rredical misfortune. Such events will
sometines occur at the very meoment of a sonic boom and the
claim will be made that the boon was the cause, although the
probabiliiy of an actual causal relaticn is extremely small,
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Disturbance of Sleep

Disturbance of sleep, particularly the sleep of invalids,
must be reckoned as a significant medical problem. The
effects of repcated disturbance of sleep may be cumu-
lative, particularly wien emotional factors bccome involved,
The "normal threshold" for disturbance of sleep by such
sounds has not been determined, but certainly the intrusion
of sonit booms into quict hospital arcas where patients are
being deliberately sheltered frowm the stresses of daily
living would not be desirable.

1he arousal effect in sleep can be evaluated in physiological
experiments which simulate booms. Such experiments would
usefully supplement but not replace the exposure of a
community to night booms,
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PSYCHOLOGICAL RESPONSE

It is generally accepted that (he psychological response
arca is the most difficult of all sonic boom problems and
contains the most elusive questions. There is little doubt
that the more we can learn from tests and studies about the
effects of the boom on people and animals, the better we
can define and meet the problems. This is true in spite

of the difficulty of devising tests that can weasure
psychological response in a meaningful marner, and that will
reflect the chronic characteristics of booms which the popu-
lation would actually face with operational SST's. It
should, however, bc recognized that the only way to obtain
answers to many of the questions is through continuing,
actual, full-sccle experience with the SST or cemparable
airplanes.

There have been ‘eterminced efforts to obtain data on
psychtological response through such tests as those at St,
Louis in 1962, and at Oklahoma City in 1964, but the test
of the effect on a pop. lation r~f continuing night booms

is still in the planning stage, and no cunclusive evidence
on the effects of sonic boums on animals. This section of
the Committee's interim report is given under four headings
(1) Public Acceptability; (2) Psychoacoustic Effects; (3)
Legal and Insurance Aspects; and (4) Public Relations.

Public Acceptability of the Sonic Boom

Public reacticn to a new experience will be determined by
the properties of the new stimulus, the situation into which
it is introduced, and the characteristics of the public.

Present Status of Knowledre. The principal available infor-
mation on the acceptability of the sonic boom by the public
comes from the Oklaliuma City tests of 1664, and, to a much
smaller degree, from the 1962 tests in St. Louis. Reports

on both were prepared by the National Opinion Research
Center, University of Chicazo. The Oklahema City test

Teport was much more complete and detailed and thevefore
constitutes the primary source of information today on public
reaction.

It is the consensus that the NORC study "Community Reaction
to Scnic Booms", based on the Oklahioma City tests of 1964,
is professionally competent and free of bias, even with its
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major, though tcmporary, exclusion fram the analysis of the
29% of the sample who indicated a belief that it was improper
to complain. The full report, to be available this summer,
will include the vicws of this group.

The studies of the Public Reaction to Sonic Boom appear to
have been satisfactorily conducted as far as they have gone,
They do not show overvhelming and aggressive negative
reactions nor do they show clear cut or adequatc acceptance
of the annoyance. It is clearly unwise for the authorities
concecned to overlook or neglect the possibly troublesome

& problems that could arisc from supersonic overflights of
commercizl airlines,

It is probably impossible to designate a spccific overpressure

level which leads to adverse public reaction which could be

called "serious' or "intolerable'". lowever, there is a range

of overpressures below which the boom is tolerable, and above

which the boom is intolerable, Even at the reiatively low

level of intensities and frequency of exposure and at the

: limited times of day of the Oklahorma City tests, the extent

P of public annoyence was large enough to provide the basis of
a significant level of protest if soae important organization
or public body undertook to mobilize it. This i{s not only
suggested by the findings of the study but also by the actual
coursc of eveuts in Oklahema City, where organized attempts

i to call off the boom tests were made.

[P S

! It is clear from the study results that even though the average
intensity of the booms did not exceed 1.6 psf, the Oklahoma
City population was very wuch aware of them. The evidence
demonstrates that the intensity of public reaction varies with
the intensity of the boom, at least within the limits of this
test, It also sugrects, as does the earlier St. Louis
expetrience, that p.blic annoyance tends to cumulate over

time, even among thosec pecople whose basic attitudes toward the
SST are favorable. The findings of the St, Louis study also
indicate that the public would find it much ha¥der to accept
night booms than those in the daytime. This dimension was

1.0t explored in the Oklahoma City study.

It cannot be said that the findings of the Oklahoma City
study are especially surprising. They conform generally to
the results of the earlier St. Louis study although the
reaction in Oklahoma City based on a much greater public
exposure, seems scme what stronger than that in St. Louis.

: One cannot be surprised to find that the introduction of

; frequent sonic booms in the life of a community produces a
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certain amount of complaint. Since, as yet, the sonic bocm
has not becn shown to have effects much more damaging or
annoying than other nuisances to which pcople in our society
normally submit, it reprcsents no absolute barrier to a
program of developing the SST. On the other hand, the boom
may be a sufficient barrier, if other considerations (mainly
economic, prestige, and military) are not overriding. We are
in no position to say what the significance of the boom
annoyance phencmenon as studied to date is, because its
significance depends on its relative importance.

A slight increase in overpressure or in the number of booms
per day docs not simply cause a slight increase in public
aversion and in thz number of complaints. More signficantly,
it increasecs the risk of an cffective public protest, perhaps
of a political character, The trigger for such a protest
might well be some irrvelevant accident or coincidence or the
emergence of an arouscd leader of hostile public opinion.

Regardless of any studics made, or contemplated, in advance
of introducing the SST, thought must be given to the possible
need for a large-scale program of public education and the
development of favorable public relations.

The NORC study indicates that public inconvenience would be
both widc-spread and real; there is little basis for con-
fidence in the ability of a public relations campaign to
banish this inconvenience. The house rattling, involuntary
startle, interruption of conversation, and loud sound are not
mere matters of opinion; they are not due to ignorance or
misinformation. They will not be dispelled by propaganda or
education. An "education" campaigrn might induce people to
accept the inconveniences in behalf of overriding national
interest, but propaganda claiming commercial SST to be in the
national interest might boomerang, because it could not be
supported by evidence convincing to the public. The extent
of the annoyance observed, particulavly since it is con-
centrated in the higher income and cducational levels of the
community and tends to increase over extended periods of
exposure, is disturbing. It leads us to the conclusion that
the introduction of a supersonic transport of curvently
assunied characteristics involves significant hazards in the
realm of public reaction.*

Future Testing. In examining the need for and type of sonic
boom testing that should next be undertaken to investigate
public reaction, it should be clearly understood that, although
important information on why and hew people react can be

* It should be emphasized that this conclusion applies only to
the super-sonic portion of the flights of the S$ST over land,

For instance, urce of SST's on the North Atiantic runs would be
quite frec from public acceptance problems caused by sonic booms.
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obtained, no test can produce a usable, single standard for
determining with certainty whether the US public will accept,
for an indefinite number of years, the sonic baoms from
scheduled airlines, Regardless of how much study, and rescarch
is carried out, the question "is the sonic boom acceptable?"
can only be finally settled by subjecting the US to the actual
full scale, permanent experience of supersonic overflights on
a coatinuing basis., However, tests, when properly done, can
undoubtedly give us 3 probable prediction of whether the boom
will be acceptable and, if unacceptable, the ways in whicli the
public will react. Such information secms essential in

launching anything so grand in scale as the development of
the SST.

Questions on public reaction that can probably be answered.
and vhere answers will be useful, are on such subjects as:

(1) the relative acceptability of booms from
military and booms from commercial aircraft;

{2) how AF procedures concerning payment of damage
claims can be reconciled with test results re-
garding the effect of boomns on glass, fresh
plaster, etc.;

(3) how to avoid the exorbitant costs of investi-
gation; and

(4) the need for and feasibility of educating the
public on relationship of sonic boom intensities
to the probability of physical and psysiological
damage and of educating people to the difference
between direct and indirect damage.

The next test should be predominantly a test of public reaction,
with tests of structural damage, etc., considered secondary and
conducted only to mcet the needs for information related to that
problem. The major purpose of any new test should be to obtatin
information on sleep disturbance, with such secondary objectives
as:

1) determining more about patterns or paths of
g
protest; and

(2) obtaining information on the importauce to

the public of having a US SST, in terms of
competition with Europe and USSR, balance of
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payments, irdustry bolstering, need to move
people faster, possibly military usefulness,
and the like,

More specific views include:

(1) " The next test should be of indefinite and undis-
closed length, but long enough to get data on how
well people adapt to sleep disturbance, It should
take place during scasons when windows are closed,
when they are usually open, and when the boom can
be related to claps of thunder.

(2) Overflights should not be precisely scheduled and
might come in groups (4-6) over a half hour period
during the interval between midnight and 6 a.m.

(3) There is advantage in keceping to the Oklahoma City/
NORC pattern of testing wvhere possible in order to
accentuate continuity of the over-all test program.

(4) The largest aircraft available should be used.

(5) Quite apart from tests of a community, the acoustic
data frow high fidelity recordings of the audible
{100-10,000 cps) portion of the boom produced by
a large aircraft are still urgently necded. These
data will be used in certain immediate laboratory
studies that can employ simulatcd booms.

Questions of what city to test are not yet answvered, although
there are advantages in having it a small to medium one,

The contractor is not being proposcd; it should be emphaized,
however, that NORC should not be ex:zluded from consideration.

Psychoacoustic Effccts .

Psycholopical Acceptability. The psychological acceptability
of sonic booms is difficull to assess. It is certainly in-
creased by familiarity with booms, by the knowledge of their
source and significance and by the knowledge that they are
harmless. Booms are transient and do not interrupt conversa-
tions and radio programs like the noise of jet-plane fly-
overs., Frequency of occurence and the time of day at which
they occur will undoubtedly be very importanmt factors. Com-
plaints of young children being awakened from sleep must be
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anticipated., People will vary greatly in their psychological
reactions. Some will certainly come to take booms for granted
and accept the mild startle that they may fcel. Others will
become progressively more irritated by the booms, particularly
if the booms are feclt as well as heard or cause windows to
rattle. People who dislike sonic booms may be more easily and
profoundly disturbed than the average.

Some very scanty data suggest that booms with a nominal over-
pressure of about 2 1b/ft® are about equally annoying as the
level of jet noise that is considered just allowable near
airports., Further tests of this relation should be made. It
should be possible to do this by simulation studies, but in
preparation for effective simulation studies, whether on men
or on structures, a considerable number of booms, produced

by a large plane such as the B-70, must be recorded by proper
techniques, both outdoors and also inside of a variety of
typical buildings.

In order to make a rough estimate of the level of overpressure
at which booms are likely to become unacceptable a series of
psychoacoustic experiments is urged. A jury of observers
would be asked to compare the "acceptability" or the '"annoyance"
of alternate sonic booms and subsonic jet-plane fly-overs. A
broad guideline as to public reaction to sonic booms may be
established in this way. Unfortunately, however, these com-
pcrisons cannot Include the element of surprise which probably
contributes greatly to the ammoyance of the sonic boom. Also
a systematic study of the disturbance of slecep is planned, and
perhaps of the intensity of startle recactions. But even with
these data the practical psychological effects will be hard

to assess, and they become less easy to predict as we pass
from the average individual to the unusual individual and
finally to the group behavior of many individuals in a
community.

Future Research

It is recormended that

1. Some experiments on psychoacoustics can and should
be done in existing laboratories immediately.
Adcquate methods for simulating the sonic boows are
available, and, although simulation may not be per-
fect, information obtained in the experiments will
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be uscful {n planning futurc laboratory and ficld
expcriments. Investigations that can be started
immediately include

a) The effects of simulated sonic booms on sleep as
measured both by the EEG (electroencephalogram)
and behavioral indices. Both the effects of the
auditory stimulus and of structure-borne vibra-~
tions can be studied,

b) Laboratory expcriments can also be done in which
subjects judge the comparative anncysnce of simu-
lated sonic boouns with other sounds such as noise :
produced by jet planes. In these experiments it
will be possible, for example, to experimentally
change the shape of the N-wave and note any
obvious changes in the judgments of annoyance.

2. Consideration be given to Wright-Patterson AFB or .
NASA's Rescarch Center for the conduct of this
rescarch. Both have good facilities and equipment
but would neced staff augmentation. In addition,
Stanford Research Institute may acquire a capability
for such research,.

3. Additional recordings be made of the sonic boom.
While it {s agreed that the boom can be simulated
well enough to start experiments immadiately, there
is & difference of opinion as to whether available
recordings contain information that is necessary to
reproduce e¢ffectively and accurately that part of the
sonic boom in the frequency range that most affects
the human auditory system.

Legal and Insurance Aspeacts

The problem of noise has always been present in the field of
aviation -- principally noise 2t airports. The problem will
be aggravated by the SST, not alone at the airports but
throughout its line of supersoanfic flight, and particularly
under its accelevation-climb path.

LLAIUL L, L

It may be expccted thnat the inauguration of supecrsonic flights
by commercial aircraft will give rise to claims for damage to
property alleged to be due to sonic booms. In the light of
the experience of the Department of Defense it also may be
expected that many such claims will be for pre-existing

AL
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damage and will be prompted by i{rritation arising out of expo-
sure to the unaccustomed sound of sonic booms. This is not to
fmply that there will be a great many clainms deliberately
falcified. Rather such cases occur most frequently where a
perava, annoyed by booms to which he is not (and may never be-
come) inyred, closecly examines glass and plaster in his abode
and for the first time observes cracks which had previously
been ignored. Air Force experience with claims 1s illustrated
by the following table.

FISCAL CLAIMS AMOUNT CLAIMS AMOUNT
YEAR MADD CLAIMED APPROVED APPROVED
1956 36 $ 12 ,220.03 21 $ 1,913.71
1957 372 157,100.45 286 18,907.85
1958 522 196 ,215.66 235 39,519.06
1959%* 632 285,182.30 243 21,355.98
1960 681 107,767.94 227 20,263.22
1961 1,146 703,174 .65 527 57,274 .44
1962 3,092%: 990,483 ,35%%* 1,451 132,370.25
1963 7,200 4,022,718.00 2,268 239,450,.00
19647 5,102 3,544 ,754.99 1,664 182 ,543.71

18,783 $10,019,617.37 6,922 $713,598.22

NOTE :

* B-58A FIRST FLIGHIS IN NOVEMBER 1958
%% ONE CLAIM FOR $19,000,000.00 NOT INCLUDED
**% THROUGH 30 JUXE. DOES NOT INCLUDE OKLAROMA CITY
TESYT CLAIMS,

Also & report of a USAF - NASA - FAA 1961-1962 flight test
program states that, in the range of overpressurcs from 0,.0%
to 2.3 psf, a maximum of 0.87 damage incidents per flight per
million population occurred, and that the settlement value
was $71 per claim ($57.57 per flight per million population),
The Committee notes that the najority of thesec claims appar-
ently were without merit, and that, despite a too liberal
attitude toward damage claims, less than 10% of the total
amount claimed was actually paid out.

Especially in the early stages of supersonic flying it will
be necessary to investigate carefully all claims for alleged

damage even though the great majority of such claims presumably
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will be for relatively small amounts and the costs of inves-
tigation probably will appear to be disproportionate to the
losses actually incurred, Ultimately, when and if the
general public has become used to the sound of supersonic
flying, claims might be confined to an occasional extraor-
dinary boom, perhaps arising out of abnormal mancuvering of
the airplane,

It appears appropriate to call attention to a discrepency
which may have significant influcnce on the number of future
claims for structural damage causcd by sonic booms. This is
the difference in judicative procedures fcllowed by two U.S.
governmental groups relative to small claims for sonic-boom
damage. As ouv Comnmittec understands the situation, the FAA
procedure, at least during and following tests, has been to
have all claimed damage inspected by professional eagincers
prior to any agreement for settlement; whereas the Air Force
pays minor claims without inspection. Thus while one
government agency (FAA) is attempting to proclaim that low-
overpressure bocoms do not cause damage, another (USAF) is
indicating throuzh its actions that they do. To continue
these’ two opposing attitudes will certainly confuse the public,
which docs not distinguish botween governmental agencies
involved with aviation. Professicnal investigations of minor
¢laims may initially be morc costly than payments; but for
the continuous opecrations anticipated for the SST, a policy
of paying all minor claims could be ruinous,

The special problems the airlines rust face with the opera-
tion of the SST emphasize the neced for a technique or formula
for the original setting of rates for insurance to protect
airlines against damage and other claims. As experiecnce is
gained, the major problem may become onc of reducing the cost
of handling claims,

Public Response

I1f the SST were to be put into commercial usc in the United
States today, those affected dircctly might be expected to
express highly vocal public protests against the “sonic boom
nuisance"”. Some of those who disapprove on the basis of the
boom might alseo cite, as arguments for their case, the
extremely high development costs of the SST and fts limited
usefulness on short or medium-length flights,

However, it must be assuned that there will be strong pressures,
not only against, but in favor of the SST. Proponents of the
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supersonic transport will no doubt base their principal argu-
ments on econowmic grounds, If West Europcan or Sovict Union
airlincs put S8T's into successful operation, those favoring
the SST will urge the public to accustom itself to the sonic
boom annoyance. Their arguments will be strengthened if
forcign dirlines and airframe manufactuvers usc the S§ST to
take large scpments of business away from United States
companics, and will be further strengthened {f the balance of
payments situation is affected adversely,

The advantages and disadvantages of the SST may continuc to

be a matter of major public discussion for a cousiderable
period of timc. Eventual decisions will be based on real-
istic and intecllige:nt appraisals by leaders of the unfavorable
factors, especially public annoyance vwith the sonic boowm, as
against projected bencfits for American transportation and

the United Siates cconony as a whole,

Those wiiw believe the United States must use SST's to main-
tain its present important position in weiold cormmercial
aviation will doubtless use every device to convince the
public of the validity of thelr arugments. It is probable
that the major emphasis will be to urge the public to avoid
prematurc conclusions based on false ideas and unfounded
fears, and that they will ecxpress whatever hepes are justified
by the facts for improvements in the situation,

Since public opinion is now in the process of being crystallized,
it is important that future tests be handled properly from the
standpoint of the press, Tests prescnt an opportunity to in-
form the public of the facts, The visit of newspapermen to
White Sands during the sonic boom tcsts in December 1964, and
the press conferences in Wachington by FAA officials, ave re-
garded as having proaoted a much better public understandirg
of the problem. The general impression of the newsmen attend-
ing the White Sands tasts vas: "The sonic boom is not nearly
as bad as we had expected'. This type of background under-
standing on the part of the press is valuable, and tends to
offset the influence of those who are inclined to dramatize
individual cases, or to jump to conclusions that may later be
proved unsound,

The next tests may provide an opportunity to undertake a pilot
public information program to inform the public in advarnce
what to expect, in scomewhat the same manner as would be done
in an actual situation in which SST's werc to be put into
service. At Oklahoma City there was not a great decal of public
warning or preparation, Possibly if there had been, some
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elcaents of the public might have been more understanding. The
procedure in this type of public approach would be to explain
the tests in advance to editors and other opinion leaders with
the hepe and expectation that if people know the gencral
expericencs in previous tests they are more likely to accept
the boom annoyance without complaint.

Over thie long range the public interest will be scrved {f all
concerned - including airlincs and airframe builders - realize
there 1s a need for public information, and that this informa-
tion as it develops should be presented objectively and not

in the form of "cauwpaigns to scll the public on the SST", It
is important tc know, for irstance, of engincering and design
changes that may reduce soni. booa characteristics and increase
the safety, cfficiency and total acceptability of the SST. It
is important to know what measures airlines and goverumental
agencies are corsidering to incrcase operational effectiveness
and minimize sonic boma effccts on the public through routc
changes and flying patterns.

The public relaticus approach by the military is somewhat
different since therve is a gencral public understanding of

the necessity for the supersonic plane for national defense,
However, military agencies c¢an and chould contribute to public
informatlon on the subject whenever they have the opportunity
to do so.

Public understandin? of the problems aviation leaders face in
developing airplanes of the future will be facilitated greatly
by a spirit of coopcration on the part of all of those cen-
cerned, including not only the aviation industry itself and
government agencies, but also interested business and
educational leaders. Such a cooperative attitude would pro-
vide an improved climate for considered and intelligent
appraisals of developments and sound decisions as to industry
and national policics. Under such circumstances, it might

be reasonable to expect that some individuals and some groups
might be influenced to forego public protests against the

SST and its boom.

There are definite advantages in a continuing coordinating ‘
group in this general arca, not only a subgroup in the field E
of psycholezical stedics, but a subgroup in the {ield of

public approaches. This latter greoup might keep in close

touch with informational activitics on the subject of the S$ST
and the sonic boom by such interecsted agencies as the Federal
Aviation Agency, the Civil Aercrautics Board, the military
services, the Air Transport Association, individual airlines,
airframe rmanufacturers and possibly airline insurance conpanics.
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Recomuendations

1. Aun effort should be made in advance of the next
tests to explain the situation to the public in
the selcected city, and thus determining the effect

"of this type of public relations procedure on
public understanding and acceptance of the boom.

2. All concerncd with the S3T program should present
information objectively, not as propaganda or
"selling", to show what they are doing or pianning
to do to minimize boom offects and annoyance,

3. Military agencies using supersonic equipment can
and should continue to coantribute to public
information on the subject.

. 4, The aviation industry, government agencies, and
other interested organizations should cooperate

and coordinate informational activities, vhencver
practicable, with a continuing coordinating group
in this area, including a subgroup in psychological
studies and a subgroup in public approaches,
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