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LEffects of Sonic Boom on People: St. Louis, Missouri, 1961-1962*

CHARLES W. NixoN

Aeruspace Medical Research Laboralories, Aerospace Medical Division, Air Force Systems Command,
Wright-Patlerson Air Force Base, Okio

Pautr. N. Bomrsky

National Opinion Research Cenler, The Universily of Chicago, Chicago, Illinois

‘The vicinity of St. Y.ouis, Missouri, was exposed to approximately 150 sonic booms during a 10-month
period from July 1961 to April 1962, Ground overpreseures, ranging up to about 3 Ih/sq ft, were carefully
measured for a series of 17 of the supersonic flights. Data obtained from over 2300 direct interviews, analy-
scs of complaints, and engincering evaluations of alleged damage were related to information on aircraft
operations and sonic-boom overpressure measurements. Most residents interviewed indicated some inter-
ference with routine living activities, yet less than 1% filed formal complaints, Alleged building damage
was superficial in nature and consisted mostly of cracks in brittle surfaces. There were no reports of direct

adverse physiological effects.

INTRODUCTION

YSTERIOUS “‘explosivelike” sounds experienced

in 1950 at Wright-Patterson Air Force Base,
Ohio, and in neighboring communities were attributed
to aircraft diving at specds that exceeded the speed of
sound. As aircraft capable of maintaining supersonic
speeds in level flight were developed, the problem of
sonic booms became a matter of more general public
concern. Numerous theoretical and operational research
programs investigating the nature of the sonic hoom
have been accomplished by various agencies since its
accidental discovery approximately 15 years ago.

The physical nature of sonic boom and its generation
and propagation were explained by the midfifties. This
was followed by examination of its gross cflects on struc-
tures and on other aircraft. Maneuvers at supersonic
speeds were studied and the “superboom” was de-
scribed. Later, responses of specific test structures and
biological responscs of humans to very intense booms
were observed. During this period, military aircraft
weic operating in increasing numbers on supersonic

» This paper is identified as AMRL Tech. Rept. No. AMRL.
TR-65-196. Further reproduction is authorized to satisfy needs of
the U. S. Government,
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missions over populated as well as unpopulated regions.
The impact of sonic boom was demonstrated by growing
numbers of compluints and by alleged damage claims
that were being received by the U. S. Air Force. Even-
tually, individual and community reactions to measured
sonic booms were evaluated in a research program in the
metropolitan area of St. Louis, Missouri.! This paper
attempts to flash back to the years 1961 and early 1962
and to discuss the St. Louis community-response pro-
gram in terms of the background from which the study
emerged, its objectives, and its main findings. Since the
St. Louis study was the first of the population-responsec
studies, the material contained herein may serve as anw
introduction for the other community-response experi-
ences presented In the articles that follow.

The public-opinion polling method employed in the
St. Louis study was based upon, and was to a degree an
extension of, earlier research on community reaction to
aircraft noise.!

NASA-FAA Foght Program to Study Commanity Responsis 1o
~F ight to Study Community Responses to
Sonic Booms in the Greater St. Louis Area,” NASA Tech. Note
No. D-2705 (May 196S5).

3 P. N. Borsky, “Community Reactions to Air Force Noise,”
WADD Tech. Rept. No. 60-689 (1,1I)(Mar. 1961).
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F1i. 1. Map of greater St. Louis area, with ground track of Bongo aircraft superposed. Shading denotes ueban areas.

I. BACKGROUND

In June 1961, the “Commercial Supersonic Transport
Aircraft Report,”? the SST “Bluebook,” was released
jointly by the U. S. Department of Defense, the Na-
tional Acronautics and Spiace Administration, and the
Federal Aviation Agency. This decument reported that
the development of a commercial supersonic-transport
(SST) aircrall was considered technically feasible and
that a national program of research and development
would eventually be required to solve many of the prob-

* Anon., “Commercial Supersonic Transport Aircraft Report,”
U. §. Department of Difense, National Acronautics and Slpncc
Administration, and the Federai Avintion Agency (June 1961).
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lems presented by such a venture, Of the major tech-
nical obstacles noted at that time, the most important
operating problem of the supersonic transport was con-
sidered 1o be wssocinted with the effects of the sonic
boom on the general population. It was essential to
know what kinds of boom exposures might be accepted
by the public or to what extent widespread annoyance
and complaints might be generated.

A logical approach to the community-response ques-
tion was a review of all prior experiences involving com-
plaints attributed to sonic booms. Total data accumu-
Iated at that time consisted almost exclusively of U, S.
Air Force records of individual complaints and claims
of alleged damage to property. An intensive investiga-
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tion of these records was accomplished at wuincrous
installations across the United States of America, How-
cver, lack of specific information relating sonic booms to
the incidents described in the reports imposed eritical
limitations on their usefulness for purpases of prediction
or generalization. In most instances, an afreraft respon-
sible for the sonic boom could not be identificd, so that
for many situations reported the actual occurrence of
sonic booms was not verified. Alse, there wns no means
of determining the exact location of identified supersonic
wircraft at the e of tie hoom; onsequentty, the
magnitude of the beomt could not be estimated. Actually,
correlation of the individual responses documented in
the accumulated records with the respective stimulus
CXposutres was not possible, except for a very few unusual
incidents such as those that occurred at air shows and
ait races. Even for these incidents only rough estimates
of the magnitudes of the booms were possible. In addi-
tion, response behavior consisted alnost entirely of de-
scriptions of alleged dnmage to property o statements
of objection to the boom experience. These data could
not be used to estimate or predict community reactions
1o other sonic booms in other residentinl areas,

The important question of public acceptance was
wide open. On the basis of ull prior experience, it was
evident that few liked the sonic boom. There would be
varying degrees of acceptance, depending primarily
upon the magnitude of the stimulus and the time of day
but also upon other factors such as economic involve-
ments, knowledge of the cause, effects, purpose, and the
like. It became clear that n special operational program
would be required in which various levels of communit ¥
reaction to measured sonic booms could be evaluated.

1. OBJECTIVES

The fundamental objective of the St. Louis com-
munity-response study was to obtain for the first time
well-documented data on public reaction to sonic booms.
Speciiicadiy, resuis obtained from direct personal inter-
views and engineeting evaluations of alleged damage to
property were to be correlated with information on air-
craft operations and sonic-boom Pressure measureinents.
‘The influence upon reaction to the hoom of other factors
in this psychological stimulus-response situation—such
a5 socioeconomic factors, tendency to complain about
things in general, nighttime booms, and knowledge of
the nature of sonic boom—would also be evaluated. In
the final analysis, the well-documented data regarding
ctfects of sonic booms were to be utilized to formulate
guidelines and criteria for scientists, engineers, and
management personnel involved in an SST development
program.

HI. APPROACH

The mnetropolitan area of St. Louis, with a population
of about 2 600 000, demonstrated many features con-
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sidered important for the study. In particular, a B-58
traihing progrum of the Strategic Air Command (SAC)
had in the past, and would in the future, generate sonic
hooms in the ares on a somewhat regular basis. Tn addi-
tion, the area had a history of previous sonic-boom ex-
perience, contained structures and buildings of various
types of construction and ages, provided commercial s
and propeller-driven aircraft operations, gave access to
the required aircraft staging point, had no sharp or jr-
regular topographic features, and contained o populn-
tion that represented a wide range of socioeconomic
factors.

Supersonic flights associated with the SAC training
program occurred in the St. Louis area from July 1961
to April 1962. Prior to the first sonic boom, a public-
information program was initiated with a dinner pres-
entation to civic leaders, members of the news media,
and the like, of populated areas to be affected by the
training programs. Information was presented about the
SAC, the B-$8, the training activities, and the sonic
boom. An informational program, which provided peri-
odic news releases, films, and froguent lectures to com-
muunity organizations, was maintained by personnel of
Scott Air Force Base during the entire 10.manth train-
ing program.

About 40 sonic booms were generated by B-58 air-
craft over the initial 4-month period. Following these
experiments, 13 additional flights were made over the
same arca at various times of day and night during a 6-
day period, beginning 6 November. Four other flights,
with booms at higher overpressures than those experi-
enced carlier, occurred on 3 and 6 Jannary 1962, About

000 residents were interviewed twice during the study
to learn about their reactions to the booms, once im-
wediately following the first special flights and a second
time following the special flights in January. All sorties
were flown over the same predetermined supersonic cor-
ridor, which passed along the edge of the main urban
area of greater St. Louis (Fig. 1). Data-collection arcas
were designated at various lateral distances from ground

the jouraal of the Acoustical Soclety of Americe $33
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Tanix I, Falimated simic-bhoom ground everpoeamirrs as a func-
tion of distance from tbomuiuu:kmmmhhu
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Dusvanes ou-m
(th/eq f¢) far
B-58 at an altitode of F-106 at an
altitude of

(milkts) 46 000 nwg?san 31 000 41('(2!\

02 16 18 23 1Y 1.3
3-4 1.5 17 21 24 1.2
46 13 16 18 21 1.1
6-8 12 14 LS 16 1.0
8-10 12 12 12 (1}
10-12 10 09 08 08 0.6
12-14 00 05 Qv @4 04
14-16 08 06 04 02 03
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TABLE 11. Percentage of 1145 interviewad in the St. Louis area
whe reported vaiious intafcrences due to sonic booma and result-
ing annoyance.

e e e e )

Narvax or ProusnTAGE OF
InTraragNces Revroayne Torar Intenvizwen
wito Raronrnm:

InTee ANnox-
FEMANCE ANCE
House shaking 93 38
Startled 74 3i
Sheep interrupted 42 2
Rest and relaxation interrupted 24 16
Conversation interrupted 2 10
Radio and telovision interrupted 14 6

e e .

track to represent exposures to different sonic-boom
intensitics. All flights relating to this study were as-
signed the code name “Bongo.”

In order to assure thut the sonic booms Lo be experi-
encod by local residents were well controlled and defined,
provisions were made to moniter both the supersonic
flights by the aircraft and the magnitude of the sonic
booms on the ground. ‘The aircraft were directed from
an avea notih of the city so that steady, level supersonic
flight was in a southerly direction scross the target area.
A radar-control procedure was formulated whereby
Bongo aircraft were continuously guided along the flight
corridor and a permanent record was made of the plan
position and ground specd of the aircraft for each super.
sonic pass. Observation of these records revealed no
maneuvers or quick deviations from the flightpath dur-
ing the supersonic flights. Maximum lateral deviation
of the aircraft from the flight track was only 13} miles,
a deviation considered negligible for purposes of the
community-reaction program.

Sonic-booin pressure measurements were made at re-
cording stations located on the groumd track and at
lnteral distances from it of about 4.5 and 9 miles. The
estimated ranges of sonic-boorn overpressures as a func-
tion of distance from the ground track for Bongo flights

$54 volums 39 ommber 5 port 2 1966

arc shown in Fig. 2. From theso overpressure data, the
souic-boow caposurc of any population subsaspl: could
Do estiinated for correlation with the respective intor-
vicw responses.

Reactions of local residents to the sonis: booms ay in-
flucnced by their attitudes, opinions, socioeconomic: fac-
tors, the nows media, reported dmmage to pemonat
propetty, and the like, were cvaluated by a carcfully
designed and cxecuted petsonal-interview survey.® Ap-
proximately 1000 houscholds in the various sampling
arcas participated In a 1- to 1§-h personal interview
immediately following the first series of Bongo flights.
The purpose of the study was not revealed in the intes-
view, which was described as a broad conununity survey
of how people felt about the communitics in winch they
lived. Respondents were told that the sutvey would con-
tinue for several weeks and the interviewer might call
hack to obtain additional information.

A second series of special supersonic flights was made
over the same ground track about 2 weeks following
completion of the imitial interviews. These flights were
scheduled to provide fewer but more-intense boons than
the first series. After the second flight sorics, cdlback
interviews were hegun with respondents who success-
fully completed the initial interview. A total of 1043
respondents completed both the interview and the
reinterview.

‘The vast mijority of formal complaints to the Gov-
cerament about sonic boom prior to 1961 referrel to
alleged damage to personal property. Tt appearcd that
communities might tolerate sonic booms so long as their
property was not damaged. Conversely, the overpres-
sufe threshold of damage would seem to be an expuBure
level clearly unacceptable to the population. Conse-
quently, architcctural and engineering investigations
were made of all reports of alicged damages to property
attributed to the study flighis. Inspections wvere ac-
complished by contractor personnel immediatcely follow-
ing the booms with the cooperation and support of
expericucl U. S, Air Force investigation teams.

Weaiher information was accumuiated to assiet in
estimating possible influcnces of vadous atmospheric
conditions on the sonic boom. Weather measurements
on the ground and at various altitudes were made as
close as passible to the times of the Bongo flights.

IV, RESULTYS

‘The program was initisted in carly November 1961
and was completed by late January 1962, All phases of
the flight program, measurement of sonic-boom over-
pressures, personal interviews, and investigations of
alleged damage were accomplished without incident and
in accordance with the study design. The ohicctives of
the program were adequately satisfied, although no

¢ P. N. Borsky, “Community Reactions to Sonic Booms,” Natl.
Opinion Res. Cir., Chicago, Rept. No. 87 (Aug. 1962).
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Fiu. 3. Sketch of Gieater St. Louis area, show-
ing aircraft ground track with locations of re-
od superposed. Data points
to Bongo flights and inrlicate locations at w!
mg:mms:g evaluations of reportod damage were
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issues were completely resolved. The major findings of
the program are stated below. More-complete discus.
sions may be found in the basic docuinents, which are
listed as references.

Sonic-boom overpressures recorded in the area were
consistent with theery and with the results of earlier
studics involving the same type aircraft. The estimated
values obtained appecar as a function of distance from
ground track in Table I. Measured values at a lateral
position 5 miles from the flight" track were sometimes
higher than thosc directly under the aircraft. However,
analysis of weather information obtained during Bongo
flights revealed in the atmosphere above the city a local-
ized warm-air region to which the lateral shift in maxi-
mum overpressure was attributed.

Sonic-boom exposures measured outdoors in an open
area were very different from exposures inside buildings.
For a particular sonic boom, inside exposures were lower
in intensity, existed for a longer period of time, and
were generally more complex in nature than the outside
exposures. Subjectively, sonic booms experienced inside
were less acceptable than those experienced outside,
presumably because of such factors as the longer dura-
tion, the rattling and shaking of items within the
structure, and the actual vibration of the structure
itself.

Community acceptance or tolerance of sonic booms
cannot be defined in terms of a single level of overpres-
sure. For practical purposes, there is no overpressure be-
low which all sonic booms wiil be acceptable nor one

below which no responses at all can be assured. When
sonic-boom exposure occurs in populated areas, some
reaction may be expected. The concept of a single over-
pressure value as the sole criterion for community ac-
ceptance of sonic booms should perhaps be abandoned.
Furthermore, overpressure alone does not define sonic-
boom exposure; it must be considered in terms of fre-
quency of occurrence, intermittency, time of day or
night, duration of the program, and the particular signa-
ture of the sonic boom.

Although millions of people were repeatedly exposed
to sonic booms over & period of several months, no
direct adverse physiological effects occurred and none
was expected on the basis of existing knowledge.

Human response or the psychological reaction to sonic
boom was shown to be very complex and highly vari-
able, perhaps more so than initially predicted. This re-
sponse was not a function of overpressure alone but
instead involved other elements of the stimulus.
exposure as well as a wide range of sociopsychological
variables.

Almost all local residents experienced interferences
with ordinary living activities, yet feelings of annoyance
were relatively low. Table IT summarizes these findings.
Interferences included such observations as shaking of
the house, individuals being startled, disturbances to
sleep, rest, conversation, and radio or television listening
that people reported as interruptions to ordinary living
activitics. Annoyances, on the other hand, were classified
as subjective responses dependent not only upon the

the journel of the Acomsticel Seciety of Americs  $55
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intensity of the disturbance but also upon a wide range
of attitudinal variables. Some of the variables found to
be significant in this study were familiarity and under-
standing of the stimulus phenomenon, necessity and im-
portance of the mission, considerateness and attitude
of the aircraft operator, intensity of disturbance and
possibility for reducing it, attitude toward neighbor-
hood, general readiness to complain, and damage be-
lieved to have occurred to property. Each of these
factors may have a positive or negative influence upon
the attitude of the respondent. The manner in which
the community is predisposed regarding these factors
may la.rgcly influence the amount of annoyance with
the sonic boom that is reported.

Approximately 1000 families had participated in the
personal interviews. About 90% of this sample experi-
enced some interference with ordinary living activities
as a result of sonic booms, about 359, were annoyed by
them, less than 109, contemplated complaint action,
and only a fraction of 1%, had actually filed a formal
complaint.

Complaint activity reflected by the exposed popula-
tion of about 500 000 families was manifested by tele-
phone calls, letters, and an occasional personal visit to
the complaint center at Scott Air Force Base. The cumu-
lative total of complaints recorded at any time was ap-
proximately proportional to the total number of super-
sonic missions completed at that time. About 909, of
the complaints about a particular sonic boom were re-
ceived within 2 weeks of the incident. A large number
of the complaints alleged damage to property. Approxi-
mately 209, of the recorded complaints resulted in the

S56 volume 39 mumber 5. pert 2 . 1966

submission of formal claims to the Government for
compensation.

In 1961-1962, few people in the St. Louis area felt
that a commercial supersonic transport was very im-
portant. Only one-fourth of all persons said it was very
important, while almost half said it was not important.
Local residents expressed more willingness to accept
sonic booms generated by military aircraft than those
generated by commercial aircraft. Acceptance of sonic
booms during the night was somewhat lower than ac-
ceptance of booms during the day. Further definition
of the nighttime sonic boom was not possible with the
data available.

Reports of alleged damage identified with the Bongo
flights were carefully inspected and evaluated.® In most
cases, these investigations were accomplished within
a few hours of the time of the flight. The objectives of
such prompt investigation were to evaluate the reported
incident, to determine its nature, and to establish its
validity as near to the time of actual occurrence as
possible. Validity, as used here and elsewherc in this
paper, implies that damage to property was caused by
sonic booms. Damage to property due to factors other
than sonic boom, or for which a clear contribution by
sonic boom was not established, was considered not
valid in this sense.

Approximately 165 on-site investigations were made
at the locations shown in Fig. 3. The range of overpres-
sure (Fig. 2) was essentially the same within the regions
0-8 miles from the flight track and became lower be-

$ Anon., “Studies of Sonic Boom Induced Damage,” Clark,
Buhr and’ Nexsen, Norfolk, Va., NASA CR-227 (May 1965).
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TAavie 1L
peopiic.

Fatimated cifecta of sonlc boom on structurea and

Py

Sounp OveEaragasuak PIRenIGTED E#FRoyR

(i/u) (dynferat)

0-1 0-478 No damage to ground structures;
no significant putillc reaction,
day or night,

1.0-1.8 8-n7 No Jamage to ground structuren;
probable public reaction.
1.5-1.75 1837 No damage to groumd struciuees,;
ggpificant public reaction
particularly at alght.
1.75-1.0 837957 No damege to ground stiuctures;

sgnificant public reation.

24030 257=1435  Incipient damage.

yond B miles, ‘The relative concentration of alleged dam-
age occurrences wus miuch greater within than beyond
the O- to 8-mile distance; however, there was little
differentiation between the 0- te 4- and the 4- to 8-mile
zones. The types of alleged damage attributed to the
flights for which overpresssure was measured and which
were investigated by controctor effort aro summprized
In Fig. 4. Types of damage reported in the complaint
fite at Scott Afr Force Nase during the entire B-58
program are included for compatison, Fu general, ngtec-
ment was good between the alleged dumage data ac-
cumulnted during the 10-month SAC training and dur-
ing the 2-month study cffort.

Investigations and determinations in alleged damage
incidents were somewhat difficult. Architectural and
cngineering criterin upon which to base investigntions of
sonic-boom dnmage hnd not been established. Conge-
quently, cvaluaiions were based upon the technical
knowledge, past experience, and best judgment of the
investigators. About 35% of the alleged dnmage inci-
dents reported were obviously false; the sonic boom
couid not have been the enuse. About 48%, were judged
questioniable because of the presence of other contribut-
ing fact iz such as aging of materials, settling of the
building, poor workmanship, and the like. In vnly shout
209 of the cases investigated was the reported damage
considared possibly valid; no visible contributing fac-
tors to the alleged damage existed.

‘The engineering findings and the complaint-file analy-
sis indicated that damage to structures can occur as o
result of sonic-boom exposures within the rango ex-
perienced and that such damnage is an important factor
in community acceptance. Damage wis superhicial in
nature, with plaster and glass cracks being most pumer-
ous, and was usnally associnted with stress concentra-
tions in the structure. Contribwting factors other than
sohic booms were shown in most cases and a Inrge por-
tion of the reported damage incidents were considered
probably not valid,

SYMPQOSHUNM

On the baais of only the possibly valid damege inci-
dents, thode veforred to ag auperficial in nature, the
wtmmlul occurrence of damage incidents per Hght pai
sreillion popuiation wes tabulated. For the range of over-
pressure 0.4-2.3 Ib/sq ft, which approximates the tange
af overpressure enlled for by o superannic transport
fipht régime, n maxioum of 0.83 damage incidents per
Right pei million was caleulated.

A portion of the population interviewed was geo-
graphically located near the commercial afrport and was
perinlicnlly oxposed ta jot-nireraft nofse Tt was founed
that essentislly all respendents who reported that their
activities were greaily disturbed by civil jet-aircraft
nnise reported relntively greater intecference and an-
noyance with sonic hooms. Likewise, those who were
not disturbed hy jet noise were slo not disturbed by
gonic beom.

Fatimated offccts on structures and people of cxpo-
sure to wpeciiic range of sonic-boom everpressure, ug
shown {n ‘Table HI, were used as interim guidelines in
planning this study. Although only ¢ limited number
of situations weare observed in which structures and
prople reaponaes were corfelnted with sonic boom, the
genceral predictions of the Table were not contradicted.
Findings were consistent with the information contained
therein, which was considered the best basis for interim
guidelinea or estimations available at that time.

V. GUMMARY

Effects of repented exposurcs to sonic beoms in the
range of overpresswres up te d.1 lb/sq ft on the populn-
tion and structuves of o large city were evaluated. Date
were obtained from personal interviews, analysis of
complaints, and investigations of alleged damage, and
were related to afreraft operations and sonfe-boom pres-
SUre Measufelnents.

Results indicated that, when sonfe booms eccur re-
peatedly over populated areas, some reaction may be
expected, ‘The naiure of this reactien is complex and
Kighly variable and as such does not lead itsolf to i
predictive schesnes nor inflexible exposure criteris. Al-
leged building damage was superiiclsl in ndure and con-
sisted mostly of cracks in brittle surfaces. There were
no reports of diveet ndverie physiological effects.

VI. RECOMMENDATIONS

On the basis of the preceding information, it was re-
commended that—

1. Additional community reaction studies of a simitar
nature be conducted utilizing larger samiples of respond-
cnls ropresenting various wress acress the country,

2. Reaction to stinwlus cxposure ba further defined in
terms of (n) nighttime sonic booms, () frequency of
occurrence of zomic booms, (¢) day-to-duy regularity,
(d) Inrge supersonic airceaft such as B-70.

the joumal of the Acousticol Sociely of Amaerico
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3. Respomses of structures be further examined (a) as
past of future community respouse studies, and (b) in
special studies isolated from populatcd areas where very
intense booms could be utilised.

4. The influcnce of & public-information program ori-
ented to a commercial supersonic aircraft on reaction to
the boom be evaluated in the next study.

VIL POSTSCRIPT

‘The reader i reminded that the information and
discussivn contained in this article reflect the state of

past 2 1966
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the art vegarding sonic boors as of the year 1962. It is
intended to represcat the understanding of sonic boom
at that period of time and some of the needs for addi-
tional rescarch that were ifentified. The articles that
follow describe the development of the sonic-boom pic-
ture since that time.
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