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FOREWORD

The U.S. Government is actively engaged in an extensive program of

research on sonic booms and their effects on people, animals, and struc-

tures. A major goal of this research is to provide results that can be

extrapolated to the effects to be expected from supersonic transports

(SSTs) that are larger, heavier, and gener&lly faster than presently ex-

isting supersonic aircraft.

This report presents results to date from experiments conducted at

Edwards Air Force Base, California, with F-104, F-106, B-58, SR-71, and

XB-70 supersonic aircraft. Because of widespread interest in sonic boom

phenomena, this report is published at this time to make available de-

tailed descriptions of the experiments, procedures, and experimental

results obtained.
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SONIC BOOM EXPERIMENTS AT EDWARDS AIR FORCE BASE

INTERIM REPORT

I INTRODUCTION

A major question in the development of the SST has been the aiatici-
*

pated public reaction to the sonic boom . To help obtain resolution of

this question, the Office of Science and Technology (OST) was requested

in the fall of 1965 to develop a program of research on the effects of

sonic booms on people, animals, and structures that would supplement and

complement previous and ongoing studies related to this problem. For

this purpose the OST established a Coordinating Committee on Sonic Boom

Studies.

By agreement between the President's Science Advisor and the Chairman

of the President's Advisory Committee on Supersonic Transport (PAC/SST),

the Secretary of Defense designated the USAF as. the OST Committee's im-

plementation agency and program manager. The National Sonic Boom Evalu-

ation Office (NSBEO) was established in the Directorate of Science and

Technology, Headquarters, USAF, to implement and manage those research

studies approved and recommended by the OST. Stanford Research Institute

(SRI) was selected to provide technical assistance for the definition of

research problems and the analysis of research findings.

In January 1966 the OST Committee approved a series of experiments

to be conducted at Edwards Air Force Base. The general objectives of

these experiments were as follows:

I. To measure the judgments of the relative acceptability of sonic

booms and noise of various intensities from various types of air-

craft. The judgments were to be made by human observers situated

both outdoors and in houses.

*See Annex I for a general discussion of the nature, generation, and

propagation of the sonic boom and of the terms used.



2. To determine the response of "typical" house structures to sonic

bomns having di [[feent signature characteristics.

3. To obtain detailed measures of sonic boom signatures in time

and space as functions of the type of aircraft and mode of

operation, and the atmosphere and ground through which the

wave was propagated.

-1. To observe the response of animals to the sonic booms.

Figure I is a chart of the organizations involved in the development

and conduct of the Edwards experiments; the people involved in the estab-

ILshs,,'nt of policy, technical direction, and management of the experiments

are listed in Fig. 2. The studies were carried out during the periods

from 3 June 1966 to 23 June 1966 (called Phase 1) and 31 October 1966 to

17 January 1967 (called Phase 11). The interruption in the program from

23 June to 31 October %as due to the nonavailability of an XB-70 aircraft

during that period.

A detailed summary of the test procedures and requirements for

equipment, subjects, facilities, and aircraft and operational support to

carry out the experiments is presented in Annex A. Photographs of the

test structures, some ot the test subjects in one of the test houses, and

the, aircraft used tor the majority of the tests are shown in Figs. 3, -4,

and .5, respectivelv. Figure 6 is a schematic- diagram of the test tacili-

tius and otperatiton. Tables I and 1I summarize the number of sonic booms

and ntoies frto subsonic aircraft generated for the tests, and Table III

sht'A- the stat, of data reduction cttipleted to date.
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Table I

EDWARDS EXPERIMENT PHASE I - JUNE 1966

NUMBER OF OVERFLIGHTS BY AIRCRAFT TYPE

SUPERSONIC SUBSONIC

YF-12 2 KC-135 99

SR-71 3 WC-135B 24

XB-70 3 BLIMP 6

B-58 100

F-104 39

F-106 18

TOTAL 165 TOTAL 129

Table II

EDWARDS EXPERIMENT PHASE II - OCTOBER 1966 to JANUARY 1967

NUMBER OF OVERFLIGHTS BY AIRCRAFT TYPE

SUPERSONIC SUBSONIC

XB-70 17 C-131B 19

F-104 B5 WC-1358 95

B-58 69 Cessna 150 18

SR-71 31

TOTAL 202 TOTAL 132

9



Table IllI

STATUS OF DATA REDUCTION

Percentage of Data

Reduced to Date and

in This Report

I psychological Data

A. Except for 20 judgment tests conducted outdoors 95%
on a special desert test site. all the psychological
data have been analyzed and are related in Annex B
to the nominal and measured pe.k overpressures of
the sonic booms and the intensity (PTNdB) of subsonic
aircraft noise.

B. The results of the psychological tests will be M
related later to measures of structural response as

appropriate and to physical measures other than peak
overpressure and peak PNdB.

11 Sonic Boom and Subsonic Aircraft Noise Generation and 50
Proisigat ion Data

Reported in Annexes B, C. E. and F.

III Struc'turai Response |Data 30%

Ruported in Annex G.

IV Meterolugical Data 20%

Ittported in Annex D.

V AnIMal1 Rresp !--jkata 10OM

ItRport|d in Annvx If.

! Ct



II SUMARY OF RATIONALE, PROCEDURES, AND RESULTS TO DATE

A. Psychological Experiments

The psychological studies were designed with the following condi-

tions and assumptions in mind:

1. Subjects should be located both outdoors and in houses that

would be "typical" for midwest USA, 1975, this being the area

of the country that would most likely be exposed to sonic booms

from proposed transcontinental SSTs.

2. Subjects would be adult males and females (the majority being

housewives), and several hundred such subjects would be used.

3. The primary judgments to be made would be "relative" judgments

of the acceptability of one sonic boom versus another sonic

boom or of a sonic boom versus the noise from a subsonic air-

craft. The rationale was that relative judgments allow the

measurement of the effects upon listeners of variations in the

physical characteristics of the sound and permit relating the

subjective effects of one type of sound, such as a sonic boom,

to those effects of a second sound, such as the noise from a

subsonic aircralt. The results would presumably provide: (1)

a "calibration" of human response in terms of different sonic

boom physical parameters and signature types, and (2) a possible

insight into how people will respond to sonic booms in real life.

Information is already available as to how people respond in

real life to subsonic aircraft noise.

4. The sonic booms and the noise from subsonic aircraft were

to be presented to subjects who had been habitually exposed

to sonic booms, such as those in the residential area at

Edwards Air Force Base, and to subjects not usually exposed

to sonic booms and aircraft noise, such as those from the

towns of Fontana and Redlands, California.

11



5. The subjective Judgments were to be made of sonic booms whose

"nominal" peak overpressure level varied from 0.75 pounds per

square foot (psa) to 3.0 psI, whose duration varied from 0.07T

to 0.3 sec, and whose speed across the ground varied from about

900 to 1700 mph. To obtain the desired ranges of speed, dura-

tion, overpressure, and near-field and far-field boom signa-

tures, three types of supersonic aircraft (P-104, B-58, and

XB-70) were used. Unfortunately, it was not always possible

to vary independently these various parameters because of in-

herent limitations in the operating characteristics of the air-

craft. Flyover noise from subsonic aircraft was obtained from

4-engined turbojets without noise suppressors and from 4-engined

turbofan aircraft when operating with landing power and with

takeoff power: the intensity levels of the noise were varied

from about 90 to 125 PfdM.

Detailed results of the psychological studies and their relation to

the physical characteristics of the various sonic bomsr and noise from

subsonic aircraft, insofar as present physical analysis of data wiil

permit, will be found in Annex B. The intensities of the sonic booms

are given in the following summary in terms of the nominal peak over-

* Nomin.al peak overpressure (or some other nominal physical parameter)
of a boom is that to be expected on the basis of theory concerning
the generation and propagation of sonic booms. Accordingly, the word
nominal serves as a short and succinct way of labeling the aircraft
operations, i.e., st.mting that a boom from a given aircraft will have
a given nominal peak overpressure specifies, for practical purposes,
the altitude, Mach, and weight at which the given aircraft will be
operated. For further definition of nominal peak overpressure set.
Annex B, Page 25.

** P.dB is a unit that indicates the intensities nf a noise on a scale
that approximates the response of the human auditory system. The
PNdB values herein reported are the peak levels reached by the noise
when [lying over the subjects. The PTdB values are determined from
NOZd level meter measurements of the noise after the noise has been
littered into 1/3 or full o-tave bands. 3est Avl.Hi5!0.b Copy

12



pressures; the results of thim psychological tests will be compared, in

a later report, to various other physical measurements of the booms,

including total energy and energy in various portions of the spectrum.

Summary of Results of Psychological Experiments

To date the major findings from analysis of the results obtained

for the subjects and listening conditions involved in these experiments

are as follows:

1. Sonic Boom from B-58 Judged against Noise from Subsonic Aircraft

(a) When indoors, subjects from Edwards Air Force Base judged

booms from the B-58 at 1.69 psf nominal peak overpressure

outdoors to be as acceptable as the noise from a subsonic

jet at an intensity of 109 PNdB measured outdoors.

(b) When indoors, subjects from the towns of Fontana and

Redlands judged the boom from the B-58 at 1.•9 psf nom-

inal peak overpressure outdoors to be as acceptable as

the noise from a subsonic *jet at an intensity of 118 to
**

119 PNdB measured outdoors.

(c) The booms heard outdoors from the B-58 at 1.69 psf nom-

inal peak overpressure were judged to be as icceptable as

the noise heard outdoors from a subsonic jet at 105 PNdB,

111 PNdB, and 108 PNdB by subjects from Edwards Air Force

Base, Fontana, and R~edlands, respectively.

* Noises having these PNdB values would be generated on the ground di-

rectly under the flight path of a turbofan aircraft at an altitude of
600 or 1400 ft, depending on whether landing or takeoff engine power
settings were used.

** Noises having these PNdB values would be generated on the ground di-

rectly under the flight path of a turbolan aircraft at an altitude of
300 or 600 ft, depending on v.hether landing or takeoff engine power

settings were used.

13



(d) When indoors, 27 percent o1 the subjects from Edwards and

40 percent of the subjects from Fontana and Redlands, com-

bined, rated the B-58 booms of nominal peak overpressure

of 1.69 p.sf is being between less than "just acceptable"

to "unacceptable."

We) When outdoors, 33 percent of the subjects from Edwards and

39 percent of the subjects from Fontana and Redlands, com-

bined, rated the B-58 booms of nominal peak overpressure

of 1.69 psi as being between less than "just acceptable"

to "unacceptable."

(f) Residents of Edwards Air Force Base who served as subjects

had been in residence there for an average of two years

and had been exposed during that period to about 4 to 8

booms per day of median nominal peak overpressure of 1.2

psi and to subsonic aircraft noise having peak PNdS levels

of about 110 PNdB The towns of Fontana and Redlands, on

the other hand, were not under or near the flight track of

supersonic aircraft and were occasionally exposed to noise

of sub.sonic aircraft at a pe-ak level of about 95 to 100

PNdB.

2. Acceptability ,,l Sonic Booms from Different Military Aircraft

(a) When ti approximately equal nominal or measured peak over-

pressure and *hen heard indoors and judge,: against the air-

craft noise, the boom irto the XB-70 was slightly less ac-

ceptable than the booms trim the F--104 or U-58 aircraft.

When heard outdtors and judgvd Agains.t aircraft norse, the

boom fretm the B-tSR was .slightly lesI. acceptable than the

bitoms friva the XB-70 and F-10I aircraft.

(b) When tne type of lioa was judged against another type tit

omn at equal nominal peak overpressure, no significant

dii te'rrt'ne in their acceptabi lity %as measured in these



3. Acceptability of Booms and Aircraft Nnise as a Function of

Their Intensity

The unacceptability of sonic booms, as a function of intensitv

increases at about half again as fast a rate as does the unacceptability

of the noise from subsonic aircraft; i.e., in terms of judged unaccept-

ability, an increase of 10 PNdB in intensity of a noise from a subsonic

aircraft was equivalent to about a 6-dB increase (from I psf to 2 psf) in

the intensity of a sonic boom.

4. Acceptability of Booms or Noises for Indoor Listening Compared

to Outdoor Listening

The results averaged over all tests indicates that both the booms

and particularly the noise were rated slightly more unacceptable by the
,

listeners outdoors than by the listeners indoors. Also, the precision

of the judgments and rate of growth of unacceptability as a function of

the intensity of the booms or noise was about 50 percent greater for

listeners outdoors than indoors.

5. Subsonic Aircraft Noise

The results obtained when sonic booms were judged against the

noise from either turbojet or turbofan subsonic aircraft were comparable,

provided the aircraft noise had about the same peak PNdB value. Also,

noise from turbojet aircraft was generally judged to be equal in accept-

ability to noise from turbofan aircraft when the noises had the same PNdB

value except when landing power was used and listeners were outdoors.

6. Discrimination of Intensity Differences in Booms and Subsonic

Aircra. t Noise

(a) On the average, two booms were judged to be significantly

different in acceptability when their nominal or measured

*The intensity of the noise from the subsonic aircraft is reduced more
than the intensity of the booms as the result of pasbing through the

roof and walls of a house because the typical house attenuates the

higher sound frequencies (where most of the energy of the aircraft noise

is located) more than the lower sound frequencies (where most of the

energy of the sonic boom Is located). Probably, at least partly for

this reason, the boom is rated less favorably relative to the noise of

an aircraft when heard indoors than outdoors.

15
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peak overpressures dillered by about I dB, and by about

2 dB when the two booms were compared against a reference

aircraft noise.

(b) On the average, two aircraft noises were judged to be sig-

nificantly dilierent in acceptability when they differed

by about 2 PNdB, and by about 4 PNdB when the two aircraft

noises were compared against a reference boom.

7. Differences in Judgments of Subjects Located in Different Rooas
land When on Vibration Isolation Pads

SystematLc differences were found among some of the subgroups

o0 subjects located in different rooms in the test houses. When some. of

the subjects were exchanged among rooms, it was found that some of the

differences in judgment were due to the test rooms and not to the subjects.

Placing the indoor and outdoor subjects on vibration isolation

pads did not significantly change their judgments of the sonic booms

relative to the noise from the subsonic aircraft.

8. Attitude Survey

An attitude survey ol residents (15 percent of whom served as

subjects in these experiments) at Edwards Air Force Base revealed that

26 percent rated the boom environment as being between less than "just

acceptable" to "unacceptable" for the month of June. when there was an

aterage of about 10 booms per day at a median nominal peak overpressure

of about 1.69 psf. Fourteen percent of the residents also rated the

boom environment prior to June as being between less than 'just accept-

able• to "'unacceptable.** During this previous period, there were about

1 to 8 booms per day at the median nominal boom level of 1.2 psi. Six

pt-rcent rated the ambient daily aircraft noise and seven percent rattd

the s.trnet noise as being between less than -just acceptable" to "unac-

cept a ble .

9. 4je_aýnd Sex of Subwects

Within the atdult 'p-ul.tion studied. age and sex are not sta-

tt*IIt1al- significant Iactnrs in the ratings or paired-comparison of

tin't.Utueept ;thi lit v iii tsni•i bnns or the aircraft noises.

16



B. Propagation of Sonic Boonm -hrough thhe Air and Ground

On the basis of theory about the generation and prop.,gation of

sonic booms, certain "nominal" or expected sonic boom signatures were

predicted for the various sunersonic aircraft f lying under difterent con-

ditions and procedures. The overflights made for the psychological

tests were designed in conjunction with the requirements for research

on propagation and generation of' sonic booms and provide! the conditions

necessary to validate and further develop generation and propagation

theory. In addition, a number of supersonic flights were carried out

for the sole purpose of making certain phy. ical measurements of sonic

boom propagation phenomena. The physical data rom this aspect of the

program that have been analyzed to dat# are presented in Annex C.

Much of the commonly observed variation in sonic boom signatures

has been assumed to be the result of atm.osjpheric action upon the shock

wave passing through the air. The etltets of the atmosphere on sonic

boom propagation were studied in a program develoiped b.% ESSA. The pro-

gram included: (1) detailed lo%-l.veL turbulence statistics in the im-

mediate area of surface overpressure measurements, (2) data on existence

of waves on lower troposphere inversion surfaces as a possible mechan-

ism for selective focusing of sonic booms, and (3) the area distribution

and variability of overpressure by means (if microphone grid arrays of

two different intervals of spacing (30 aud.200 ft). The meteorological

and overpressure data obtained have not yet been correlated. Research

data on atmospheric inhomogeneities ucre collected at Edwards and are

reported in Annex D.

S eismic waves excited by sunic booms may also cause structural and

subjective response. Seismic waves produced by sonic booms were meas-

ured and the results of these measurements will be found in Annex E.
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Summary oW Itisuilts on Prupagation

1rut--iticid sonic boon overpr4'ssure data were obtained by NAMA for

a series oif 25 flights of the XB-70 airplane. For cases where a large

number of overpressure data points are available, the average Measured

values corrlate well with current prediction theory. Variations in

the signature shapes and the associated variations in overpressures, im-

pulses, and time durations are similar in nature to those observed pre-

viously for smaller airplanes. Overpressure measurements obtained at a

distance of 13 miles from the flight track show larger variability than

those measurements made on the flight track. This increasing variability

with distance from the flight track is alsto consistent with results of

previous flight tests. Variability in the measured boom quantities are

markedly greater in the June measuring period than in the November

thrtough January perit)(d, and this is believed to be related to atmospheric

effects since reduced ctnvective heating in the lower layers of the at-

mcosphere is present during the winter. Sonic boom measurements made at

21H)i feet in a G(ooxdyear blimp+ showed that the lowest 2000 feet of the

atmosphere iý the most influential cause oi variations produced by the

atminsphere. In some uases,higher ptortions of the atmotsphere may alsoi be

impoirtant. Ground measurements were made of sonic booms from a specially

in-trumented F-1ti6 aircraft flown in smooth flight and in porpoising

flight cover an array o)f microphones. Aircraft .ottions of the F-l06

uere shown not to contribute significantly to •biserved sonic boom sig-

nature variatioins. A larger airplane has a sonic boom that deends

relatively mor ton its lift, so motions oft an SST in flight may still

lead tj .Jlgnijfivant vartatittlic if% the tinic btom. Some differences in

ttverpressutre due to vo•rtties in the air caused by subsonic aircraft Ity-

tn:. throsugh the lm-m path were noted.

"S, ýrt 111-:h t, in idditts-iin I-, ti hse involIved in thv Edwards Snlic M1411

TI trr inc cluded.
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Measurements were made by Geotech, under contract to NASA. of the

seismic waves induced in the ground by sonic booms. The maximum ground

particle velocity observed from a boom of 2.0 psf measured peak over-

pressure was less than 1 percent of the damage threshold criterion now

recommended by the U.S. Bureau of Mines. Further analysis of the data

and a seismic refraction survey of the local geology are required to

obtain a more complete understanding of the mechanism by which seismic

motion is produced in the ground by air shock waves.

C. Energy Spectra of Sonic Booms

Sonic booms have been typically measured in terms of peak over-

pressure, duration, impulse energy, "effective" overpressure, and rise

time. Waves have been classified as rounded, peaked, etc. Since most

of the information reflected ii the various measures mentioned above

is in the energy spectra of the boom signatures, it is likely that this

property of the signatures may be more meaningful and helpful than any

one of the various measures heretofore used. Therefore, part of the

physical data analysis will be concerned with the question of what por-

tions of the energy spectra are most highly correlated with the response

of people or structures to sonic booms. The correlations between the

various portions of the energy spectra and psychological response data

are to be determined. Of possible theoretical and practical signifi-

cance are the differences in the deviations from median values of AP

and energies in various frequency bands as measured by five microphones

recording the same event. Energy spectra obtained from each of five

microphones for 16 B-58 flights occurring on 8 November 1966 and 8

December 1966, and for four flights involving XB-70, B-58, and F-104

aircraft are reported in Annex F.

Summary of Results on EnergySpectra

Theoretical properties of the energy spectral density function of

the sonic boom have been compared to properties obtained from spectra

calculated from actual booms, and good agreement and consistency have

been found. In general, the experimental data indicite that all parts
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of the energy spectrum are correlated with observed variations of the

peak overpressure CAP); the best correlations of A? occur with the en-

ergy in the frequency band 20 to 200 Hz (E •0200) and the band 20 to

1000 Hz (E 20_100); energy in the band 0 to 50 Hz (E 050) is most inde-

pendent of variations in AP for a series of 16 nominally similar events.

Correlations of energy band content with rise time are poorer, though

still significant; E 2020o and E 120ý 1 0W correlate best with rise time

and E,_,, correlates least with rise ttm3.

For three comparable flights of XM-70, B-58, and F-104 aircraft,

the energy band content for all bands, save the 10-30 Hz band, ranks

downward in the order listed. In the band 10-30 Hz, the F-104 aircraft

has the highest energy content by what appears to be something in ex-

cess of 2 dB relative to the XB-70. This particular result is consis-

tent with the energy-spectral-lobe patterns of the sonic boom spectra

of these aircraft, which in turn is associated with the differing sonic

boom duration paramaters.

The least variability among the five microphones is observed in

the energy measures EOso, E0-200, E0- 1000, and E ;total the greatest

variability is observed in AP and the energy measures E 2-200 and
E"0- I00-20

D. Response of Structures

The structural response portion of the Edwards Experiment was de-

signed to meet certain objectives:

1. Determine the response or reaction of structures to sonic booms

generated by XB-70, 5-58, and F-104 aircraft

2. Investigate any damage resulting Irim these sonic booms

3. btvelop a means of predicting structural response and pow!sble

damage from sonic bioom generated by the SST based on data

roim present aircraft.

*IHz rycits per second
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With these objectives in mind, two test house structures and the

Bowling Alley at Edwards Air Force Base, and a two-story house struc-

ture in Lancaster, California, were instrumenteo.

Instruments were installed to measure the following: acceleration

and displacements of the structures and various structural elements;

acoustic levels and variations in levels at different locations in the

test house structures; strain (compressive or tensile) of certain ele-

ments of structures such as windows; and overpressure levels on the ex-

terior and interior of the structures.

In addition to the above physical measurements, a survey )f all

glass windows at Edwards Air Force Base was conducted prior to start of

test overflights. All complaints of damdge to residences and structures

at Edwards Air Force Base and the surrounding area were invest igated as

soon as possible after being received.

*

Preliminary data and results are discussed in Annex G. A summary

of damage complaints and results of investigations is also presented.

Summary of Results on Response of Structures

The analysis of structural response data and the investigation of

methods for predicting structural damage are in progress. The prelim-

inary findings are as follows:

1. Sonic booms from large aircraft such as the XB-70 and the fu-

ture Supersonic Transport will affect a greater range of struc-

tural elements (those elements responsive to frequencies below

:ipproxlmately 5 Hz) than will sonic boows froe smaller aircraft

such as the B-58 And F-1I0.; these results are predictable from

*In addition to the data reported in Annex G the Dpartment of Agricul-
ture also made measurements of pressure differentials across house walls
and plywood panels erected across the path of the sonic boom. In addi-
tion, "fatigue" of nail Joints in the plywood panels due to sonic boomb
was also evaluated. At the present time these data have not been fully
analyzed and evaluated. It is anticipated that in the near future the
U.S. Department of Agriculture %ill publish a report on the results ob-
tained from their measurumenth.
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it knowledge of the characteristics of the boom signature and

the response characteristics of the structural elements.

2. No damage that could be attributed to sonic booms was ob-

served in the test structures during these experiments.

However, some damage was alleged to have been caused by

sonic booms in the vicinity of Edwards Air Force Base

during the period of these tests. Fifty-seven corplaints

were received, which resulted in the filing of 19 claims

against the Government for alleged sonic boom damage.

3. Three reports were received of glass damage to structures at

Edwards Air Force Base that could be attributed to sonic

booms from flights conducted for these experiments.

F. Response of Farm Animals to Sonic Booms

The U.S. Department of Agriculture observed the response of vari-

ous animals on farms located near Edw;ards Air Force Base during the

sonic boom tests conducted during June 1966. The results of their ob-

servations are reported in Annex H.

Summary of Results of Response of Farm Animals to Sonic Booms

1. The observed behavior reactions of animals to the sonic booms

were minimal except for the axian species. Also, the reactions

were more pronounced to neist from lom-flying subsonic aircraft

than to boom.s. Furthermore. the reactions were of similar

magnitude and nature to those resulting from flying paper, the

presence of strange piersons, or other moving objects. For

these reasons, a strong relat ionship tittween observed behavior

re:,etions and posstble herd or flock production depression t%

very unlikely.

2. Although no signti cant chroges wtere noted in production, these

test s were not adrquate to produce any contlusive evidence on

this aspect of sontc boom effects. The number of farms avail-

able was SU t II• Lent I Or 41alout Ing product ion effects and the



location of those available was not suitable for proper evalu-

at ion.

3. It is also to be noted that the area around Edwards Air Force

Base has been exposed to about 4-8 sonic booms per day for the

past several years. Therefore, some of the farm animals may

have become considerably "adapted" to sonic booms prior to these

tests.
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Annex A

OPERATIONAL TEST PLAN
FOR SONIC BOOM EXPERIMENTS AT EDWARDS AIR FORCE BASE

INTRODUCTION

A. Background

This operational Test Plan defines the initial requirements, re-

sponsibilities, and functional procedures for accomplishment of the

Edwards Air Force Base Experiment. Phase I was carried out from June 4,

1966 to June 23, 1966, with a total of 165 sonic booms, and 129 subsonic

flights. Phase II operations commenced on October 31, 1966, and were

completed January 17, 1967, with a total of 202 sonic booms and 132 sub-

sonic overflights.

B. Specific Tasks

The specific tasks in support of the general objectives were:

1. To determine the subjective reaction caused by sonic booms gen-

erated by XB-70, B-5B, and F-104 aircraft.

2. To establish the acceptability ol subs,,nic noise (KC-135 and

WC-135B) versus sonic boom (B-S8) to test subjects chosen from residents

of Edwards Air Force Base and from civilian communities.

3. To perform a subsonic jet noise versus sonic boom subjective

reaction study with F-104, XB-70, and WC-1356 aircraft.

4. To determine the relations between various measures of the

physical characteristics of the acoustic and vibratlonal signals reach-

ing the subjects located in the test houses and outdoors as the result

of sonic booms and aircraft noise.

5. To obtain subjective response data to sonic booms from separate

groups of subjects located within 10 ft or so of each of 6 microphones

located at various intervals along a straight 8000-ft line under the

flight path of an F-104.
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6. To-letermine the relationship between structural response and

sonic booms of various signature characteristics.

7.- To obtain statistical data regarding variations of signature

shape (overpressure, rise time, etc.) at various measuring stations

along lines parallel with and perpendicular to the flight track.

8. Verification and improvement on the general solution for pre-

dicting sonic boom overpressures and signature snapes for aircraft of

the SST class through the use oi SB-70 and SR-71 aircraft as research

vehi cles.

9. To study the atmospheric effects on sonic boom signature propa-

gut ion.

10. To perform seismic investigation at Edwards, as well as over

specially instrumented arrays in Utah and Arizona, to determine the con-

tribution of seismic effects to total structural response.

It. To conduct some special experimeets relating to the test struc-

tures; specifically, Helmholtz resonator studies, use of a sonic boom

shock tube simulator, and shaker tests of the test structure at various

attachment points.

12. To observe the behavior of farm animals subjected to sonic booms.

C. Work Assignments

The following general assignments of tasks were made for the experi-

ments.

"* NASA to specify, following consultation with the Air Force for

operational practicability, the experiments that are concerned

-with the generation and propagation of sonic booms through the

atmosphere.

"* ESSA to specify, following consultation with NASA and the Air

Force for operational practicability, the experiments that

are concerned with the effects of wneather and the atmosphere

upon the propagation of sonic booms.

"* Stanford Research Institute (SRI) to specify, following consul-

tation with NASA and the Air Force for operational practicability,

the experimsnts that are concerned with subjective reactions to

sonlic bwoms and subsonic aircraft noise.
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"s John A. Blume and Associates Research Division (JABARD) to spe-

cify, following consultation wi-th NASA and the Air Force for

operational practicability, the studies that are concerned with

structural response.

"* NASA to install instrumentation and make structural response

measurements during Phase I. During Phase II, responsibility

for all structural response instrumentation operations to be

assumed by JABARD, including previously installed NASA-owned

instrumentation in all test structures.

"* NASA to be responsible for supervision and coordivation of all

sonic boom signature measurements not involving test structures.

"* Instrumentation to be provided by the Boeing Company to augment

the NASA-installed instrumentation of test structures. Lockheed-

California Company (LAC) instrumentation to be utilized, under

the supervision and coordination of NASA, In conjunction with

the experiments to be conducted to satisfy the ESSA requirements.

Boeing and lockheed to operate under subcontract with JABARD.

"* Structural response instrumentation and its operation to be

provided during Phase I for test house in Lancaster, and some

instrumentation in one test house at Edwards by Datacraft

Company operating under subcontract with JABARD.

"* Seismic measurements to be obtained by the Geotech personnel

at Edwards Air Force Base during this test period. Additional

measurements in Utah and Arizona to be made at the conclusion

of the flight operations at Edwards. This study to be accom-

plished under contract to and supervision of NASA.

"* Measurements of building response to shaker tests to be re-

corded by JABARD and the information made available to NASA.

NASA to supply shakers and personnel for the operation; these

operations to be conducted toward the end of the sonic boom

program.

"* Measurements of building response to shock tube "firings' to

be recorded by JABARD and the information made available to

NASA. Subjective response measurements to shock tube firings
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to be made by SRI and the information made available to NASA.

Ling-Temco-Vought (LTV), through NASA-LRC, to supply shock tube

simulator and personnel for the operation; these operations were

to be conducted toward the end of the sonic boom program.

" ESSA to provide all technical and supervisory personnel re-

quired to man their instrumentation. Additional instrumenta-

tion to be provided through JABARD and a USAF specially-

instrumented C-131 aircraft. A Cessna 150 light aircraft was

also instrumented by ESSA to more accurately probe the struc-

ture of the low-level temperature inversion.

" Aircraft support to consist of the XB-TO and B-58's, F-104's,

WC-135B's, and C-131's from their respec.ive home stations,

Some aircraft to recover at Edwards Air Force Base for subse-

quent launch, while others to return with air refueling. In

addition to the AFSC B-58 based at Edwards Air Force Base, SAC

w-As to provide support to assure B-58 capability for each XB-70

flight. Control timing to be as outlined in SAC Operations

Plan. F-104's to be provided by AFSC in accordance with a

prearranged schedule. WC-135B aircraft to be provided by

MAC 9th Weather Squadron at McClellan Air Force Base, California.

* USDA to provide all technical and supervisory personnel for

the observation, recording, and analysis of the response to

sonic booms of Animals located on selected farms near Edwards AFB.

D. Data Reduction and Dissemination ItHsponsibility

NASA was responsible for the analysis, interpretation, and documen-

tation of udl pressure datj concerned tith the generation and propagation

through the atmotsphere of the sonic booms, Publication of pressure data

.is required by ESSA, SRI, And JABARD was coordinated ttit NASA to Insure

best and most uniform presentation of these data.

JABARD provided preliminary reduttion tl structural response dala.

digitization tot trve-fleld press4ure signature data, computer print-outs

-i t si--ion 1iw,% anti i rve- livid pressure data, digitiazat ion of certain

-tructural re,,pon-s dat a. And duplicate tapes otf certain raw data records,
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JABARD was responsible for disseminating raw instrument data from the

test structures, computer print-outs, and digitized free--ir•.d and

structural response data.

SRI digitized and analyzed all acoustic and structural response re-

cordings data, which were to be correlated with tAe subjective response

data, and correlated and interpreted the subjective response data, with

respect to outdoor and indoor physical measures of sonic booms and air-

craft noise. In addition, SRI is responsible for providing an overall

assessment and evaluation of the Edwards Air Force Ba.4 sonic boom ex-

periments.

II EXPERIMENTAL LAYOUT

A. General layout of Test Areas

The general layout of the test area showing deployment of the sonic

boom measuring stations and flight track is shown in Fig. A-1.
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B. Instrumentation Layout - Free-Field

The free-field microphone layout included 65 channels (31 NASA-LUC,

16 NASA-FRC, and 18 LCC) arranged in three basic deployments. (Figs. A-2,A-3).

The basic deployment for the XB-70 flights permitted a maximum num-

ber of microphones along the flight track including the cruciform array

(see Fig. A-2) and also permitted stations to be set up for the lateral

spread measurements to each side of the flight track (approximately

MLC 2

S MLC 6 MLC I

K M I
MAST

[li ... MICROPHONE CHA'NN'L"

___ MLC _

MLC I 603

LC_ 3lo

SIC M 604
MLC I

ULC 5 09
MLC 6 II I

FIG. A.2 FREE-FIELD MICROPHONE CRUCIFORM ARRAY

A-Il



'5" too

LD t

I o i

I-

-00 4

0 o . .

v _ _ _ _ o

Ng qo- 1

3e

"in X I -t

- *'fo 0"

00

00 U

in 0

:0 -0U

ii 1!01
I, .3

> T a
inz f

0 - itC



30 miles to each side) out of the "cutoff point" determined by atmos-

pheric refraction (Stations 1, 2, 3, 6, 7, 8, 9, and cruciform at E-2).

In any case, each lateral measuring station had from 3 to 5 microphones

(see insert, Fig. A-0) spaced appro.ximately 200 ft apart along the flight

track for determination of atmo.spheric distortion. A maximum of about

40 channels were located along the flight track. No pressure measure-

ment stations were located within the bombing range.

The second basic deployment was for the B-58/F-104 flights and was

used primarily to obtain a dense microphone array at Site 9 (see Fig.

A-4) for the ESSA atmospheric studies and also tn obtain lateral spread

information relating to the aircraft offset studies originally proposed

but not incorporated into the flight program. This microphone arrange-

ment eliminated the scheduling of additional aircraft offset flights.

This second basic deployment involved about 42 channels at Site 9 and

also involved lateral Stations 3, 4, 6, and 7 (see Fig. A-1) plus the

cruciform which was always fixed at the test house location (E-2).

The 65 channels measuring sonic boom overpressure data were in-

stalled to provide maximum positive and negative overpressure, period,

and waveform class including near-field or far-field clsssific.tion.

The six cruciform microphones located near E-2 test structures provided

positive overpressures, rise times, periods, waveform, etc., as shown

by the sample waveforms in Fig. A-5. These data were supplied at the

conclusion of each day's missions for inclusion into the data printout

scheme set up and implemented by Sill and JABAR9. Knowledge of the wave-

form permits an indication of the distortion resulting from the atmos-

phere and expedited transmittal of information to SRI, JABARD, ESSA,

and Geotech without having to scan all of the many microphone channels,

In conjunction with pressure measurements, measurvnents of air tempera-

ture at heights up to 10,o00 ft MSL were m.ade by means of modified,

slow-rise radiost.io.. and instrumented aircraft. The latter wele used

to obtain horizontal temperature profiles in the vicinit) ol any existing

temperature invers ions.
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C. Instrumentation Lavout - Structures

The test facilities were comprised of two test structures and an

adjacent concrete block house licated about One mile south and West oif

the main runway at Edwards Air Fitrci' Base. The two main test structures

were ia one-story house, E-l, and a two-story house, F-2 (Fig 1-1l.

Another test structure was the Bowling Alley, E-3, located about two

miles north and west of the main runway (Fig. A-I). All structural and

subjective responses were measured and recorded in and around E-l, E-2, a

and E-2. Tables A-1 to A-3 and Figs. A-6 to A-Il present a listing of

the locations of all instruments with their specifications, together with

plan and elevation sketches of the test structures showing the dimensioned

locations of the in~trumentation for Phase II. Some changes in the in-

strument location were made during the tests. The most important changes

were the addition of loading microphones on the outside of houses E-1

and E-2, additional audio microphones inside E-I and E-2, and the dis-

placement gages in E-2 between Phase I and Phase II.

D. Flight Mission Layouts

Figures A-12 through A-15 present the mission layouts for all sched-

uled flights. On each figure are indicated the mission numbers, basic

setup, indication of parties involved, aircraft type including flight

track and headings, steady point, recorders oni, and end of run. Figlire

A-12 was designed for missions 1-84, Fig. A-13 is a supplement tor probe

flight missions 1-4, Fag. A-14 is for the 8O00-ft linear array used tfn

the ESSA study, and Fig. A-15 (or the high altitude, high Mach number

SR-7l/1Y2 flights in which some building response studies were sched-

uled (no subjective studics involved). One-hundred-one missions were

flotwn in Pha.-e I using tree or two supersonic aircraft. Eighty-tour

m.istsxnns were planned in Phase i1 using up to four aircraft per mission.

Ot-erfligktt stert scheduled to occur between (0830 and 1230 on mitsion

dab'.. See Appendiw A-i tir detai*s ttf aircraft operational support.
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TABLE A-1

INSTRUMENTATION LOCATION - STRUCTURE E-1

(See Fig. A-6)

Transduvcer Channul

MA-i 101 In center of L.R suspended 6 feet Irom floor.
MA-2 102 In center of FR-KIT area suspended 6 leet trotm iloor.
IA-3 103 Center BR #1 suspended 6 feet from floor.

MA-4 10-1 BR #1 movable.
MA-5 105 FR-KIT area!. movable by SRI.
.A-7 113 Outside subject group.

A-I 304 Ona concrete block in LR.
A-2 305 On concrete block FR-KIT area.

A-3 106 On concrete block BR #1 (vertical).
A-5 201 At top plate on E wall at NE corner.

A-6 203 At top plate on N wall at NE corner.
A-.ll 202 BR #1 E wall (horizontal).

ML-l 803 Outside N wall above plate.
ML-2 804 Outside E wall.

ML-3 204 BR #1 next to A-I1.
ML-4 205 Center ceiling attic side above FR-KIT area.

ML-5 805 Outside W wall of garage at plate line.

ML-6 806 Center outside S wall above plate line.
SG-3 207 Center big window (garage).

-- 209 Trigger mike in field.
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TABLE A-2

INSTRUMENTATION LOCATION - STRUCTURE E-2

(See Figs. A-7 through A-9)

Cha nne l

MX-l 107 Between LR and DR 6 feet abovefloor.
£A-2 i1,8 Over venter in KIT 6 feet above floor.

MA-3 109 Center of H1 #1 b feet above floor.
MA-4 110 Center of FR 6 feet up.
MA-5 III Movable FR-KIT-DR.
0A-6 112 Movable FR-KIT-DR.

A-I 301 On concrete block DR.
A-2 302 On concrete block FR.

ML-2 408 Suspended between LR and DR adjacent to MA-1.
ML-3 409 Located in attic above BR #1.

ML-4 410 Suspended below ceiling center BR #1.

A-3 303 On concrete block BR #1, vertical.

Al' 306 On concrete block FR.

A2' 307 Movable FR-KIT-DR area. (Dinette window 10/31)

A;, 308 Movable FR-KIT-DR area. (Pantry louver door 10/31)

A6' 309 Motable FR-KIT-DR area. (Cabinet door 10/31)

A9' 310 On concrete block BR #1. (N-S Direction) - Movable

Ale' 311 Movable FR-KIT-DR area. (Side of stove 10/31)

All' 31j Movable FR-KIT-DR area. (Dining room window 10/31)

A12' 313 On concrete block BR #1. (E-W direction) - Movable

A-5 401 On exterior at roof plate line on N side of NE corner.

A-6 -103 On exterior at roof plate line on E side of NE corner.
A-7 405 On exterior at second floor plate line on N side of NE corner.
A-& 407 On exterior at second floor plate line on E side of NE corner.
A-9 402 On bottom chord of roof Lruss approximately over center of BR #1.

A-Il -104 On center stud at mid-height on E wall of DR.

A-12 406 On center stud at mid-height on N wall of BR #1.

SG4-1 206 Located on large plate glass window garage entrance.

8G4-2 208 Located on large plate glass window garage entrance.
8G4-3 q 1 0  Located on large plate glass window garage entrance.

S04-4 212 Located on large plate glass window garage entrance.

0-1 411 Adpctent to A-5 with same axis.
D-2 -112 Adjacent to A-6 with same axis.

aL-ii 1l1 Outside E *ill middle of second story.

aL-:: 8O12 Outniwe E wall middle of I'rst story. outside of DR.

ML-13 #Il, Outside on wall above garage roof.

Ma-la ;04 Outside tW garage *all above plate line.

aL-I. nlo Center of root N side.

aL-4Is OVU, Center of high roof S side.

aL-1i7 sOV; Ot-lide X wall middle ol second story.

L-18 son Out.side S wall mid-second story. midway between porch roof and cave line.
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TABLE A-3

INSTRUMIETATION LOCATION - SIUCTURE E-3

(See Fig. A-10)

Al11 501 Top of steel column (interior of building) East-West racking acceleration.

A2H 5(12 Top of steel column (south side) F•st-West racking acceleration.
A3M 503 Top of steel column (south side) North-South racking acceleration.

A,111 501 Top of steel column (west side) North-South racking acceleration.

A5%V 505 Center o1 roof girder, vertical acceleration of girder.

A1-2 512 In terior - 3' below root.
M-.I 51:1 Exterior - above roof.

SIL 5(7 Strain gage on bottom flange of roof girder at centerline.

S21 508 Strain gage on bottom flange of roof girder at 1/4 point.
S3L 509 Strain gage on bottom flange of purlin at centerline.
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ToofI A

BEDROOM
No, I\

LIVING A
I ROOM

200I#A

* STRAIN GAGE

II ACCELEROMETER

A MICROPHONE 1 20-101001,)

b MICROPHONE 1001-10,0001411
I&a - ***#Is-

FIG. A-6 INSTRUMENTATION LOCATION.

STRUCTURE E-1 FLOOR PLAN
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SOUTH

PARTLASTPARST NORTH

ELELVATIOQNS
L.:.A~tN3 PICROPHONES

ML I '4OR14 WAL6, CENTERED ABOVE PLAYE LINE AcCELEROmETERS
M, 2 EAST WALL.- CENTERED ABOVE PLATE !.1%E A ATWL XEIR ECRRPAELN
ML 5 WEST WALL OF GARAGE AT PLAYCE LINE AG NASTH WALL ExTERIOO. WE CORNIER. PLATE LINE
ML 6 SOUTH WALL ABOVE PLATE LINE A OT A. XEIR ECIE.PAELN

FIG. A-7 INSTRUMENTATION LOCATON, STRUCTURE E-1 ELEVATION
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LOADING MICROPHONES

ML 13 WEST WALL. ABOK GARAGE ROOF
ML 14 WEST WAL.L, OF GARAGE, ABOVE PLATE LINE

T-2



* 4-,646

-PA6I*S W1W SIDE

ACCELEROMETERS

AS NORTH WAL.L, NE CORNER, 2nd STORY, PLATE LINE..............I
At EAST WIALL, NE CORNERI 2nd STORY, PLATE LINE
A7 NORTH WALL, NE CORNER. lot STORY, PLATE LINE
A# EAST WALL, ME CORNER, Ist STORY, PLATE LINE

LOADING MICROPHONES LIwp-

OAL 11 LAST WALL, MIDDILE OF 2od STORY f
ML 12 EAST WALL, MIDDLE OF I a STORY. OUTSIDE

DINING Room
ML IS CENTV: OF NORTH ROOF AREA
ML IS CENTER OF SOUTH ROOF AREA
WL I? NORTH IWALL, MIDDLE OF 20d STORY 14
MIL IS SOUTH WALL, MIDDLE OF 2ntd STORY kf 01

FIG. A-10 INSTRUMENTATION LOCATION, STRUCTURE E-2 ELEVATION
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M4 M2

"-'-- --,--- -... _.- 
-

SECTION A-A

A2H (502) SOUTH A4m
S_(504)-il z mI

rH MO0.)

(513) (512)
AM4 AM2 " SEE

_(50 £/) :sv L SECTION
-s2L 8 A5V 5sL A-A

L Hj
EAST 1509) WESTil, S31- ON'i SINGLE WS

T Z PURLIN EAST OF COL - .... " _ ' -

AIN (501)

Y4PT GIRDER SPAN

ENTRANCE I I

NORTH

PLAN

ACCELEROMETERS MICROPHONES STRAIN GAGES
AIN TOP OF COL. M2 INSIDE 3' BELOW SIL BOTT. FLG. OF GIRDER AT G,
A2H TOP OF COL. ROOF Z $2L SOTT. FLG OF GIRDER AT 4 PT
A3H TOP OF COL. M4 OUTSIDE ON ROOF 53L BOTT. FLG OF PURLIN AT
A4H TOP OF COL. (504) CHANNEL
ASV CENTER OF GIRDER

'•- 60 G- •

FIG. A-11 INSTRUMENTATION LOCATION, STRUCTURE E-3 ELEVATION AND FLOOR PLAN
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MISSION NO. I through 84
(For Pteh* Flights see map for mission 1-5, Fig. A-13)

SETUP: All hotels (E-11, E2. E-3) Site 9, lateral stations

FOR: SRI, JAB, NASA, ESSA, end Geotoch

A/C: B-70, B-S8, F-104, Cw-135B (all o 'c on ASr mag. ld 9, over Hotel E-2

except some B-70 flights displaced 13 st. mi. north on 245* mag. hdg. and

CW-135B on heoding 065" mag. over Hotel E-2).

STEADY POINT: B-5, F-104 of 22 n.mi. ecst of Hotel E-2, 8-70 at minimum of 33 n.mt.
east of Hotel E-21 8-5B, B-70, F-l04 hold conditions from steady point
to Hotel E-2. CW-1358 steady 2 minutes prior to overhead Hotel E-2 ond
hold 2 minutes ofter passing Hotel E-2.

RECORDERS ON: For sonic boom runs at Tocon for all lateral stations and at overhead Hotel E-2
for oIl hotels end Site 9. For noise runs CCW-135B) count down only from 2,
I 1 '2, 1, and 1 '2 minute to overhead Hotel E-2 (not necessary to indicate
recorders on).

END RUN: Sonic boom runs - over Hotel E-2 A/C STEADY POINT
CW- 1355 runs - 2 minutes after passing E-2 START RUN

1 4 CORNERS

01$ TACAN

HOTEL 1,2.3 ROGERS

Vnes SONIC f -1O

RU, OSEWNS 1 0 25

#06 ROSAMONO C'1111 135 ALL LATERAL STATION SCALE-kit
RECORDERS ON

DRY LA•E
ALL HOTELS AND SITE 9 1- LINE OF LATERAL

RECORDERS ON I STATION ARRAY

END RUN I

1. Note: For all above sonic boom tuns oal overpressure measurement stations, subjective
response, and building response 1H.,'el E-1, E-2, E-3) ore involved. For a c
noise runs (CW-1358) only subjec:.r and Hotels E-l and E-2 are involved.

2. Note: On 8-70. NASA. F-104 probe flights, probe test must be completed by Four Corners
and F-104 a t turn off so as not to boom Hotel E-2. If probe misuio,, not completed
by Four Corners. then NASA probe F-104 must abort (see mop far missioni 1-5 Fig. A-10.)

To -4960-9

FIG. A-12 FLIGHT TRACKS, MISSIONS 1-84

3st AVaihbI Copy
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PROBE MISSIONS 1 - S
(ottochment to mission% I 84)

SETUP: (See mission% 1-84, Fig. A-12)

FOR: NASA-LRC

A C: B-70 as generating oarcraft and NASA FRC F-104. B-70 at M - 1.5
at 37,000' mil and F-104 at 1.3 to 1.7 at 42,000' rol. Hdgs 245' moa.
on track over Hotel E-2.

START PROBE
PENETRATION: Soda Lake (approx. 90 n.mi. east of Hotel E-2)

END PROBE
PENETRATION: Four Corners (so as nct to boom Hotel E-2 area with NASA F-104 probe a c.)

F-104 END RUN

-AP NASA- F-0I4 i $OD,

4 CORNERS HARPER COOTE START RUN AE

ROGERS 4 % .F-1O 245"

IL.'K""•B" 70O pAS.70 PASSS MA"CRY) S s is v-'04  PASSE
ASES F~O

HOTEL 1,2,3

SITE 9

0 5 IC
NIRAC•E LAKE SCALE--re,14

I. Note: Probe mission is accomplished as follows: B-70 parses F-104 who isoft M 1.3,
then F-104 accelerates to M - 1.7 and posses B-70, then F-104 decelerates to
M 1.3 back through B-70 flow field. Above is optimistic condition. Minimum

consists of only single measurement.

2. Note: If probe F-104 does not complete his mission by Four Corners, then probe mission
must obort. Is -oe4s- 0o

FIG. A.13 FLIGHT TRACKS, MISSIONS 1-5
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MISSION NO. K -12, 3, - - -,

SETUP: East Loak.b. Site 8000' L.near Array

FOR: ESSA

A C: F-104 at 30,500' ms Iat M 1.3 on 245' mv. Wdg.

STEADY POINT: Four Corners

RECORDERS ON: At TACAN

END RUA: Eost Edge of Rogers Lake (*e* sketch below)

Note: For thet studies no building reeonse masnurents a, stubective ildiei •nvo*ved.

A/C STEADY POINT
END RUN RECORDERS ON START RUN

TAAN
TIFA - --

STEST AREA 4 CORNERS
RO TA OK ARRAY

HOTELIZ., A lf .
SITE 9 0 2S

SCAlE- oft

kTRUE
NORTH

FIG. A-14 FLIGHT TRACKS, 8000-FOOT MICROPHCONE ARRAY MISSIONS, F-104
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MISSION NO. VPR 1 . 2. 3.-

SETUP: That eeetionh for scheduled plogfrwsan otseror

FOR: NASA (radar plots to be hold in file by SPORT - plot'. required frort, mtrearl
point to overhead.)

A'ýC: SR-71 or Y-12 (always identified as SR lout SPORT will niarL- plot as $R ot
Y-12 with call signr) all flightsa over Hotel E-2 at flight categories a, b, c, d
a, , g, la (SPORT to notify Tango I of expected flight categories (i.e., a, la, etc.)

STEADY POINT: Approx 25 n.mi., in ainy directiorn, from Hotel 2 (E-2)

RECORDERS ON: At Tacora and "gana Hotel E-2 (seet Note 1)

END RUN: Over Hotel E -2 STA I

TENACHOPI KA2

o I ~ LATERAL STATIONS

SITSAN /O OJ~E STA 3 RECORDERS ON

ALL HOTEL / IiHARPER LAKE
RECORDERS ON f ,* 17\%

ROERS. a~ ~ 5 DESIRED

105 MAGLAK 0 FLIGHT
iOSMG I AKE 2410 G TRACKS

OGS 04 a - ROSMNOND
DRY-LAKE o STA 6

\ýANCASTER STA 1 RACIE LAKE

22 ami RADIUS T OSTA S

A/C STEADY POINT 0CI. -m t0

1. Nate: Fear all teast to west ar wast it eastert over supersonic corridor runs all hotels said
Overpressure recording siati.ors involved enad recorders on of bath Hotel E-2 and Tamara.

r .: - heaotdn t ea- 041 *t. " o Teang I and Site 9 orraaiolvetf or or'
art.ereoo atn etnly so Hoetel E 2.

2. Nate Far these studies Only NASA Pressure measu~mremets end of tme% build-ng respons*
meosuremen's ae 4.e re oln (not eritlaectve owudes) depending en how SR or Y -12
misomnt Sre scheduled.

I. Nate Flight cotage" specifies all, end A. Thes .,If net bes eannounced. only catetgory,
(i~e. a bc. ec~f psettngsebtnedfirom siewaateo lasting.

FIG. A-15 FLIGHT TRACKS, SR-71
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III INSTRUMENTATION AND DATA REDUCTION

A. Instrumentation Installation and Operation

1. Free-Field

NASA installed and operated the six microphone systems in the cru-

ciform array located near E-2. (Fig. A-2). The tape recorder, signal

conditioning equipment, and direct write system were housed in a trailer

located approximately due north of E-1. In addition, NASA together with

Lockheed, installed and operAted the microphone systems shown in Fig. A-3.

Recording and signal conditioning equipment was installed in mobile vans

or in fixed shelters. Power for equipment was supplied from portable

generators.

Table A-4 gives the operating characteristics of the free-field

microphones.

ESSA measured wind velocities and air temperatures at two levels

above the ground (10 and 85 ft) with instruments located on a tower 90

ft high. (Appendix C) Measurements were recorded on a 14-channel FM tape

recorder located in a temporary structure. Power was supplied by a por-

"table generator supplied by NASA. The Air Weather Service Detachment

also made soundings of temperature, humidity, and wind to at least

10,000 ft above the operating altitudes of aircraft producing the

sonic booms.

2. Structures

Aerojet General Corporation, Aetron Division under subcontract to

JABARD operated instrumentation during Phase II previously installed and

operated by NASA during Phase I in E-l, and E-2, and E-3. The instru-

ments in the house in Lancaster were installed and operated by Datacraft,

Inc., under subcontract to JABARD during Phase I. Equipment was checked

out and necessary adjustments were made for Phase II operation during

the last two weoks in October. JABARD also rearranged some of the trans-

ducers in E-I and E-2 to meet SRI Phase II requirements. JABARD fur-

nished and installed four additional microphone systems and two displace-

ment transducers in E-2 and two additional microphone systems in E-I for

Phase II.
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TABLE A-4

OPERATING CHARACTERISTICS OF FREE FIELD MICROPHONES

Microphone type Photocon PRP-464-15D (Modified by partly
plugging vent hole to extend low frequency
response)

Frequency response 0.02 -10,000 Hz +2 dB

Resonant frequency About 7000 Hz

Signal Conditioner Photocon DG-605D Dynagage

Amplifier Burr-Brown Model 9077A
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IL't ing undir subcontract to TJABARD furnished, installed, and oper-

ated twelve microphone systems lotated on the exteriors of E-l and E-2

to measure boom loadings on these two structures during Phase II. Re-

cording, signal-conditioning, and direct-write equipment were in..talled

in the garage of E-2. Boeing also provided IRIG time digital readout

systems for use in E-2. Power for equipment was available in E-l and

E-2 from power panels separate from those used for supplying power for

lights and receptacles in the two structures.

Aetron installed recording and signal conditioning equipment in a

designated room at the Bowling Alley, connected it to instrumentation

previously installed by NASA, a,,d then checked out and operated the ten

transducer systems.

Tables A-5 to A-7 present the operating characteristics of the

instruments installed in the test structures.

A number of precautions were taken to minimize thermal drift in

equipment subject to temperature changes. In test structures, E-1, E-2,

and E-3, power to all equipment was left on so that temperature gradients

in the equipment could stabilize. Racks were generaly enclosed so that

the temperature of the air immediately surrounding the equipment dAd not

change too rapidly in case of a sudden change in ambient temperature.

Power was also left on to minimize thermal shocks which tend to shorten

component life.

instruments were calibrated according tu the procedures outlined in

Appendix A-2.

3. Recording Systems

CEC Model No. VR 3300 magnetic tape recorders were used for all

instrumentation. Fourteen track machines were used in and near the

structures and seven track machines on the large microphone arrays.

Tape speed was 30 ips with FM recording. Center frequency was 54.0 kHz

with an informittion frequency of 0-10 ktiz 10.5 dB. The full-scale

signal-to-noise ratto (HItS signal/RMS noise) was 13 dB. Harmonic dis-

tortion was 1.5'.
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4. Timing Information

A standard IRIG B time code format was recorded on one channel of

each analog magnetic tape for time correlation to 1 millisecond or

better. Some trouble was experienced with the time code in Phase I.

During Phase II, this code was uninterrupted during duration of each

test flight and met the specifications of REFERENCE IRIG DOCUMENT 104-

60.

START and STOP times for accurately digitizing analog data were

based on manual reading of direct-write oscillograph records. Noninal

boom times were recorded from a time code translator located in test

structure E-2 as a check on the values read from the oscillographs.

Manual readout to the nearest second was required for booms. Noise re-

cordings of a typical aircraft flyby included three minutes of uninter-

rupted aircraft noise with 75 seconds recorded before and after the air-

craft passed overhead or as directed by SRI. Notation of START and STOP

times for noise records was provided by SRI. Notation of START and STOP

times for boom records was provided by Data Reduction. "Recorders On"

signals were the responsibility of NASA and Edwards Air Force Base con-

trol.

B. Data Reduction

Arialysis of the data recorded by the various participants is being

made in two steps. The first step made use of preliminary results ob-

tained by reading direct-,rite records, raw data summary sheets, subject

records, and preliminary analyses by computer of selected records.

Other more detailed analyses were made during the test flights and are

now being made as required to fulfill each participant's responsibilities.

The primary responsibilities were as follows:

1. Signature Propagation - primarily NASA with some analyses

by ESSA.

2. Weather and Meteorological Recording - The Base Weather

Squadron furnished Rawinsonde readings for use by all

participants as required. These and other weather data

are being analyzed by ESSA.

3. Acoustic and Vibrational Response - SRI
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4. Structural Response - the primary responsibility in this

area wv's assigned to JABARD. Analysis of structural

response data as required to correlate with subjective

response was assigned to SRI.

In Phase II, the Data Reduction and Disseminatio,_ Group (DR and D)

performed preliminary data reduction on the low-irequency accelerometers,

pressure microphones, velocity and displacement meters, and strain gages

located in E-1, E-2, and E-3. NASA reduced the radar plots, cruciform

data, and supplied DR aid D with copies of the summary sheets. NASA

also supplied DR and D with a copy of the radar plots for all ,dissions.

SRI was responsible for the reduction of records from the high-frequency

accelerometers and acoustic microphones. The DR and D group issued sum-

maries of the above data as specified to the appropriate participants.

The data furnished to DR and D was logged daily and all information

was punched on a series of six data cards so that they could be processed

by computer and printed output fu.'nished to participants, The information

contained on each card and the arrangement of the data are as follows:

1. Mission Log

a. Date
b. Mission
c. Aircraft
d. Altitude, 1000 ft, NSLA
e. Mach number (or speed kph for subsonic aircraft)*
f. EI (take-off or l'ndtng)*
g. Heading*
h. Offset from track, left or right*

1. Observed boom time, or time overhead for subsonic aircraft, ZULU*
J. Remarks
k. Card type identification no. (0)

*Over test structure E-2

2. Digittzatton Log - Data

a, Daots
b. Mission
c. Aircraft
d. Digitizing start time
e. Digitizing stop time
f. location (test structures E-1, E-2 or E-3)
r. Card type identification no. (2)
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3. Instrument Location Log

a. Date
b. Channel
c. House number and instrument designation
d. Instrument type
e. Location
f. Location number (0 = inoperative, 1 = 1st position,

2 = 2nd position, etc.
g. Card type identification no. (3)

4. Channel Calibration Log

a. Mission
b. Channel
c. House numter and instrument designation
d. Pre-caliorations
e. Posf-calibratiovns
f. Run attenuati.,,n and gain setting
S. Remarks
h. Digitization sample rate, spa
i. Digitization filter cutoff
J. Card type identification no. (4)

5. Digitization Log - Calibrations

a. Date
b. Channel
c. House number and instrument designation
d. Calibration type (pre or post)
e. Digitizing start and stop times
f. Digitization sample rate, sps
g. Digitization filter cutoff, cps
h. Card type identification no. (5)

6. Su-mary of Cruciform P•t.

a. Mission
b. Channel
c. House number and instrument designation
d. Wave form type code number for pressure mikes, See Figure A-5
e. Peak amplitudes in psf
f. Rise time, seconds
g. Period or duration of N-wave in seconds
h. Wave angle, degrees

Wave angle is the angle between ta. pressure wave front and
the ground as determined from the cruciform array.

1. Wave ground speed. ft/sec
J. Card identification number (6)
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The Mission Log in chronological order for Phase I is given as

Table A-8. The Phase II Mibsion Log in order of mission numbers is given

in Table A-9, omitting remarks and card type. The Instrument Location Log

for 15 November 1966 is given in Table A-1O as an example of the logs that

were compiled. A copy of the Summary of Cruciform Data is presented in

Annex C. The data are arranged in chronological order for Phase I and in

order by mission number for Phase II to facilitate use with the Mission

Logs. A description of the N-wave and its characteristics is given in

Fig. A-5. Cards 2, 4, and 5 are primarily for use during digitizing of

the analog data.

In addition to the data punched on the series of six data cards,

an Analog Tape Log and a Digital Tape Log were prepared containing the

following information:

1. Analog Tape Log

The purpose of this log is to record the information contained

on each analog tape. There, one master copy of each log plus

one copy of the appropriate log are filed with each analog tape.

The log for each tape is as follows: (Numbers in parenthesis

refer to data card numbers).

a. Analog tape number, date, tape recorder number, and total

number of missions

b. Channel locations (Card 3)

c. Pre-calibration digitizction start-stop times (Card 5)

d. Mission identification (Card 1)

e. Mission digitization start-stop times (Card 2)

f. Channel calibrations (Card 4)

g. Post-calibration digitization start-stop times (Card 5)

2. Digital Tape Log

The analog tape records all channel data, whereas the digital

tape contains only selected channels. The digital tape log Is

similar to the analog tape log, but contains the necessary iden-

tification for only those channelA that have been digitized.

For example, the analog may contain channels 601 through 614,

but the digital tape may contain only 602, 603, 605, and 607.
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TABLE A-8

MISSION LOG - EDWARDS PHASE I

DATE IMSN A/C ALT MACH EPR HDG OFF- BOOM TIME
DY MO YRj KFT OR SET HR MN SCMS L SpD) NIS ZULU*

4 JUN 661 14 F-104 35.6 1.7
4 JUN 66 14 XB-70 52.9 1.81 243 2.5N 17 28 00
6 JUN 66 39 B-58 31.4 1.25 244 4.64N 16 00 00
6 JUN 66 39B KC-135 10.3 1.6
6 JUN 66 70 B-58 43.9 1.60 245 0.55N 16 08 51
6 JUN 66 70B KC-135 5.4 1.5
6 JUN 66 40 B-58 31.4 1.48 246 0.20N 16 18 40
6 JUN 66 40B KC-135 5.4 1.5
6 JUN 66 71 B-58 44.2 1.59 245 5.00" 16 30 00
6 JUN 66 71B KC-135 3.3 1.5
6 JUN 66 41 B-58 31.3 1.45 247 0.17N 16 34 44
6 JUN 66: 41B KC-135 3.3 1.5
6 JUN 661 72 B-58 43.9 1.55 244 4.85N 16 43 55
6 JUN 661 72'B KC-135 2.8 1.5
6 JUN 661 74 B-58 32.4 1.30 242 .72S 17 01 52
6 JUN 66i 74B KC-135 8.3 2.35
6 JUN 66' 44 B-58 43.4 1.57 245 5.0ON 17 11 00
6 JUN 66 44B KC-135 8.3 2.35
6 JUN 66 75 B-58 31.8 1.46 248 17 17 00
6 JUN 66 75B KC-135 3.3 2.35
6 JUN 66 42 B-58 43.3 1.53 245 17 24 40
6 JUN 66 42B KC-135 2.8 2.35
6 JUN 66 22 XB-70 72.0 2.83 262 4.10N 17 26 00
6 JUN 66 73 B-58 31.9 1.43 247 0.2SN 17 31 30
5 JUN 66 73B KC-135 2.5 2.35
7 JUN 66 76A B-58 31.6 1.48 241 1.09S 16 10 40
7 JUN 66 768 KC-135 4.3 2.35
7 JUN 66 45A KC-135 3.0 2.35
7 JUN 66 458 B-58 43.7 1.70 244 4.95N 16 23 -0
7 JUN 66 77A KC-135 1.0 2.35
7 JUN 66 77B B-S8 31.7 1.51 244 0.10S 16 33 12
7 JUN 661 46A KC-135 2.6 2.35
7 JUN 66 468 B-58 43.7 1.65 246 5.42K 16 40 05
7 JUN 66 48A B-5B 38.7 1.31 245 5.23N 17 11 20
7 JUN 66 46B KC-135 3.0 2.35
7 JUN 66 79A B-S8 31.6 1.52 244 0.12N 17 22 20
7 JUN 66 79B KC-135 2.6 2.35
7 JUN 66 49A B-5e 43.3 1.43 252 4.66N 17 28 15
7 JUN 66 49B KC-135 4.3 2.35
7 JUN 66 BOA B-58 31.6 1.53 244 0.25N 17 38 45
7 JUN 66 808 KC-135 1  3.0 2.35
7 JUN 661 5OA B-58 43.3 1.43 2451 5.OO 17 47 37
7 JUN 66 5B KC-135 8.3 2.35
7 JUN 66 81A B-58 31.4 1.49 245 0.065 17 56 25
7 JUN66 81B KC-135 4.3 2.35

-;Local time is ZULU -,nt, 8 hours.
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TABLE A-8

MISSION LOG - EDWARDS PHASE I (Continued)

DATE USN A/C ALT MACH EPR HDG OFF- BOOK TIME
DY M YR KFr OR SET HR M SC

_ _ - - SPD N/S IZULU
8 JUN 66 1 XB-70 31.8 1.38 246 5.02S 15 19 00
8 JUN 66 43A B-S8 42.4 1.62 245 5.24N 16 00 22
8 JUN 66 43B KC-135 14.3 2.35
8 JUN 66 75A B-58 31.2 1.44 244 0.23N 16 06 45
8 JUN 66 75B KC-135 8.3 2.35
8 JUN 66 42A B-58 43.3 1.67 247 4.85N 16 14 50
8 JUN 66 42B KC-135 2.8 1.5
8 JUN 66 73A B-58 31.2 1.50 245 O.1OK 16 24 20
8 JUN 46 73B KC-135 2.5 1.5
8 JUN 66 41A B-S8 43.2 1.60 246 5.32N 16 30 10
8 JUN 66 41B KC-135 5.3 1.5
8 JUN 66 72A B-S8 31.2 1.49 245 0.16K 16 38 45
8 JUN 66 72B KC-135 2.8 1.5
8 JUN 66 57 KC-135 3.3 1.5
8 JUN 66 578 B-58 37.6 1,66 248 5.90N 17 05 10
8 JUN 66 80RA KC-135 2.8 1.5
S JUN 66 SORB B-58 31.3 1.46 247 0.14N 17 12 30
8 JUN 66 56RA KC-135 5.3 1.5

8 JIN 66 56R3 B-S8 43.0 1.64 244 5.14N 17 21 22
8 JUN 66 87 KC-135 3.3 1.5
8 JUN 66 87 B-58 31.4 1.49 245 0.40N 17 28 30
8 JUN 66 55RA KC-135 10.3 1.5
8 JUN 66 55RB B-S8 43.2 1.64 244 5.16K 17 36 10
8 JUN 66 86RA KC-135 5.3 1.5
8 JUN 66, 861B B-5 31.4 1.49 229 17 45 00
9 JUN 66 86SA KC-135 5.3 1.5
9 JUN 66 86S3B B-58 31.0 1.50 246 0.25N 16 08 30

9 JUN 66 55SA KC-135 10.3 1.5
9 JUN 66 558RB B-58 35.7 1.69 244 5.17N 16 19 20
9 JUN 66 S7SA KC-135 3.3 1.5
9 JUN 66 873 B-58 31.0 1.53 244 0.086 16 25 58
9 JUN 66 56SA KC-135 5.3 1.5
9 JUN 66 56S B-SB 43.3 1.72 243 4.70N 16 34 50
9 JUN 66 ROSA KC-135 2.8 1.5
9 JUN 66 808 B-S6 31.0 1.53 245 0.06N 16 41 40
9 JUN 66 57SA KC-135 3.3 1.5
9 JUN 66 5S3 B-5S 43.1 1.70 244 5.23N 16 49 10
9 JUN 66 41SA 8-58 42.9 1.52 240 4.57K 17 07 54
9 JUN 66 4135 1 C-135 6.3 1.5
9 JUN 66 738A 8-5B 31.7 1.50 243 0.498 17 16 15

9 JUN 66 7381 KC-135 2.5 1.5
9 J 66J 428A 8-56 43.1 1.52 241 4.69N 17 23 54
9 JUN 66 4281 KC-135 2.8 1.5I JUN 66 75SA 5-50 31.7 1.55 . 2461 17 31 23
9 JUNq 66i 7538 KC-135 A6.3 2.A4
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TABLE A-8

MISSION LOG - EDWARDS PHASE I (Continued)

DATE MSN A/C ALT MACH EPR HDG OFF- BOOM TIME
DY MO YR KFT OR SET HR MN SC

I MSL SPD N/S ZULU

9 JUN 66 43SJ B-58 43.0 1.68 243 4.62N 17 39 00
9 JUN 66 435 KC-135 14.3 2.35
9 JUN 66 42S) B-58 43.3 1.70 244 4.92N 17 57 00
9 JUN 66 42SI KC-135 2.8 1.5
9 JUN 66 46Si B-58 42.9 1.68 246 4.74N 18 11 10
9 JUN 66 46SI KC-135 3.3 2.35
9 JUN 66 72S. B-58 31.3 1.53 248 0.63N 18 22 10
9 JUN 66 72SI KC-135 2.8 1.5

13 JUN 66 18A B-58 37.7 1.64 231 0.09S 16 46 43
13 JUN 66 185 B-58 49.6 1.66 234 0.36S 16 49 22
iJ JUN 66 21A B-58 37.8 1.69 230 0.21S 17 00 16
13 JUN 66 21B B-58 49.2 1.72 231 0.35S 17 02 48
13 JUN 66 26A F-104 21.2 1.40 231 0.08N 17 12 35
13 JUN 66 26B F-104 29.7 1.60 0.64S 17 13 45
13 JUN 66 29A B-58 49.3 1.67 233 0.03N 18 06 25
13 JUN 66 29B B-58 38.1 1.67 232 0.11S 18 07 35
13 JUN 66 32A B-58 49.8 1.64 235 0.53N 18 20 25

13 JUN 66 32B B-58 38.0 1.67 233 18 21 10
14 JUN 66 26A F-104 16 08 00
14 JUN 66 268 F-104 29.9 1.54 238 0.10S 16 10 50
14 JUN 66 38A F-104 17 45 00
14 JUN 66 38B F-104 29.7 1.52 233 17 45 45

114 JUN 66 37A F-104 29.7 1.49 231 17 57 30

1 4 JUN 66 378 F-104 21.1 1.39 231 0.02S 17 58 40
15 JUN 66 IXA F-104 14.1 1.21 236 0.47N 16 14 50
15 JUN 66 IXB F-104 28.1 1.50 233 0.13N 16 16 40
15 JUN 66 2XA F-104 29.7 1.32 237 0.66N 16 21 40
15 JUN 66 2XB F-104 14.1 1.20 233 0.22N 16 22 10
15 JUN 66 3XA F-104 29.1 1.58 234 0.17N 18 38 25
15 JUN 66 3XB F-104 14.2 1.15 235 0.18H 16 39 55
15 JUN 66 4XA F-104 14.1 1.28 235 0.18N 16 47 15
15 JUN 66 4.XB F-104 29.9 1.62 233 0.44S 16 48 20
16 JUN 66 27A F-104 29.3 1.65 230 0.10S 15 56 25
16 JUN 66 278 F-104 20.5 1.40 228 0.26S 15 57 50
16 JtN 66 SX F-104 29.7 1.65 344 0.25B 16 04 25
20 JUN 66 48A 8-58 41.3 1.55 232 2.20N 15 54 SO
20 JUN 66 488 KC-135 5.3 1.5

120 JUN 66 79A B-58 32.1 1.45 232 1.90S 16 08 00
20 JUN 66 79B KC-135 3.3 1.5
20 JUN 66 53A B-58 42.7 1.59 232 5.00K 16 18 54

20 JUN 66 538 KC-135 4.3 2.35
20 JUN 66 84A 1"-8 31.2 1.43 236 16 27 10
j20 JUN 66 848 1CC-135 3.0 2.30

20 JUN 66 54A B-5 43.C 1.59 230 4.87N 16 35 40
20 JUN 66 548 KC-135 3.0 2.30
20 JUN 66 59A MC-135 12,00 2.35 ....
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TABLE A-8

MISSION LOG - EDWARDS PHASE I (Continued)

DATE MSN A/C ALT MACH EPR HDG OFF- BOOM TIME
NYO YR KFT SET HR MN SC

MSL z/ muU

20 JUN 66 59B B-58 43.4 1.41 233 5.OON 17 10 00
20 JUN 66 98A KC-1355 6.0 2.35
20 JUN 66 98B B-58 31.3 1.50 233 17 15 45
20 JUN 66 60A KC-135 6.0 2.35
20 JUN 66 90A KC-135 6.0 2.35
20 JUN 66 908 B-58 31.8 1.55 230 0.17S 17 32 00
20 JUN 66 85A B-58 32.3 1.45 231 4.35N 17 40 00
20 JUN 66 85B KC-135 2.6 2.30
20 JUN 66 93A KC-135 2.6 2.30
20 JUN 66 938 B-58 32.1 1.55 231 0.17S 17 47 50
21 JUN 66 89A KC-135 2.5 1.5
21 JUN 66 89B B-58 31.8 1.46 232 0.12N 16 01 55
21 JUN 66 58A KC-135 2.8 1.5
21 JUN 66 58B B-58 43.6 1.67 233 5.12K 16 11 02
21 JUN 66 99A KC-135 4.3 2.35
21 JUN 66 99B B-58 31.7 1.47 233 0.17N 16 17 05
21 JUN 66 66A KC-135 2.8 1.5
21 JUN 66 6611 B-58 39.9 1.59 233 5.00N 16 25 17
21 JUN 66 10OA KC-135 3.0 2.35
21 JUN 66 100B B-58 31.8 1.46 232 3.148 16 30 23
21 JUN 66 68A KC-135 8.3 2.35
21 JUN 66 68B B-58 44.1 1.62 232 4.83N 16 39 19
21 JUN 66 69A B-58 39.4 1.39 233 5.OON 17 29 35
21 JUN 66 696 KC-135 4.3 2.35
21 JUN 66 48A B-58 43.1 1.60 232 5.00N 17 44 12
21 JUN 66 48B KC-135 5.3 1.5
21 JUN 66 40A B-5 43.8 1.65 235 5.40N 17 56 55
21 JUN 66 40B KC-135 5.3 1.5
21 JUN 66 60A KC-135 8.3 2.35
21 JUN 66 60B 8-58 43.9 1.64 233 5.16N 18 08 59
21 JUN 66 OlA KC-135 4.3 2.35
21 JUN 66 61B B-58 43.3 1.62 232 4.76N 19 37 19
21 JUN 66 lOlA KC-135 2.6 2.35
21 JUN 66 101 B-58 31.7 1.50 233 19 51 15
21 JUN 66 85A 8-58 31.7 1.50 234 0.22N 20 05 50
21 JUN 66 850 KC-135 2.6 2.35
22 JUN 66 28A B-58 37.0 1.63 234 0.14N 16 13 27
22 JUN 66 283 F-104 20.8 1.35 233 0.105 16 13 43
22 JUN 66 19A 8-58 37.2 1.64 233 0.24N 16 28 15
22 JUN 86 198 F-104 29.5 1.42 233 0.205 16 30 05
22 JUN 86 6X 8-56 43.6 1.60 259 1.348 16 48 24
22 JUN 66 30A B-5 37.4 1.65 230 0.20S 17 43 34
22 JUN 66 300 F-I.. 29.7 1.37 232 0.164 17 44 38
22 JUN 66 34A F-104 29.6 1.39 233 17 56 06
22 JUN 66 340 8-5 43.4 1.61 230 4.00N 17 57 06
22 JUN 66 24A 0-59 43.3 1.60 233 5.06N 18 10 37
22 JUN 66, 240 F-I04 20.9 1.36 231 0.23S 18 11 26
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TABLE A-8

MISSION LOG - EDWARDS PHASE I (Continued)

DATE MSN A/C ALT MACH EPR HDG OFF- BOOM TIME
DY MO YR KFT SET HR MN SC

MSL __I N/S ZULU

22 JUN 66 35A B-58 43.4 1.60 225 0.92S 18 21 21
22 JUN 66 35B F-104 21.1 1.28 235 0.25N 18 22 47
22 JUN 66 25A F-104 21.9 1.39 233 0.21N 18 36 39
22 JUN 66 25B B-58 43.2 1.59 233 4.89N 18 37 59
22 JUN 66 23A F-104 29.7 1.51 237 0.34N 18 50 21
22 JUN 66 23B B-58 37.4 1.63 232 0.50N 18 52 05
23 JUN 66 17A B-58 37.6 1.64 231 0.39N 15 4b 08
23 JUN 66 17B F-104 21.6 1.40 227 0.46S 15 48 00
23 JUN 66 22A F-104 29.3 1.40 232 15 59 59
23 JUN 66 22B B-58 43.4 1.67 229 4.25N 16 00 40
23 JUN 66 31A B-58 37.5 1.64 231 0.12N 16 12 14
23 JUN 66 31B F-1041 21.3 1.39 232 16 12 21
23 JUN 66 33A B-58 43.2 1.64 232 5,02N 16 21 38
23 JUN 66 33B F-104 29.8 1.49 230 0.108 16 22 04
23 JUN 66 20A F-104 21.5 1.37 233 0.19N 19 51 20
23 JUN 66 20B B-58 37.4 1.65 23,3 0.10N 19 54 17
23 JUN 66 36A F-104 20.9 1.39 230 0.37S 20 05 15
23 JUN 66 36B B-58 37.4 1.66 231 0.25S 20 06 26
23 JUN 66 7X F-104 29.6 1.55 258 0.29S 20 18 18
23 JUN 66 6X2 B-58 43.5 1.67 258 9.86N 20 21 21
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TABLE A-9

MISSION LOG - EDWARDS PHASE II

DAT; F c A/C ATMAC rpp 17cj L;ý- T~ O " n
CHI~ TKFr Ut =T z

- .YL 5pr(Lr ___Iv,

23 NOV 66 1-I XR-70 37.7 146 94•1 L1C.3-
73 NOV 66 1-2 F-104
23 NOV 66 1-3 9-98 32.4 1.4

23 NOV 66 1-4 F-104 1.S 1.' 1?411 P 2on 111" 1o p 1

10 NOV 66 2-1 XP-70 ?7.1 1.4F 7?t) L17,4 'l1 Ien la

10 NOV 66 2-2 F-104

10 NOV 66 2-3 8-58 33.0 1.50 257 L 7.t 31', !1 11 1.1
10 NOV 66 2-4 F-1O4 114 19 1l- 3?
12 DEC 66 3-1 B-58 32.4 1.5 247 R 7.8 3A 1P 27 21

12 DEC 66 3-2 x8-70 37.6 1.5 '46 L O,0 3-46 19 11 63
12 DEC 66 3-4 F-104 17.8 1.3 945 L 2.3 34 IR 3P0 51
16 DEC 66 4-1 8-58 32.0 1.5 247 P 1,0 'a' I vi-.l 4'-
16 DEC 66 4-2 XR-70 38.6 JJ, 246 35c la " 4'1

12 DEC 66 5-1 P~-58 -5693 1.659 ?4¶i PA3,3 I 17 91 19ý
12 DEC 66 5-2 XP-70 59.1 2,49 246 Q68.1 346 1 0 11
12 DEC 66 S-1 WC135P 1.8 1,76 OAP L 0.8 ?46 P7 1'
20 DEC 66 6-1 B-58 35. 1.68 2441 Qpr, 2c4 19 54 ,'
20 DEC 66 6-2 XP-70 60.0 2.5 424 067,c1S ct' -.,

20 DEC 66 6-3 WC13.P 3.7 1.76 741 2' 1 4c'
13 JAN 67 7-1 B-58 35.8 1.67 241 P'I 712 IF lP "? r
13 JAN 67 7-2 DC-8 3.7 1.76 #6%8 :?17 13 IC Pn
13 JAN 67 7-3 XB-70 60Q. 2.5 34q P71T.j IR 1 17 2r
17 JAN 67 8-1 9-58 3%,8 1.65 2?A'L . ?'jl 17 47 C:
17 JAN 67 8-2 DC-S 3.6 1 n7 n74j L ".'I 17 CC

17 JAN 67 A-3 XB-70 60.0 2,- 341ý PA6Q., 17 1,
10 NOV 66 9-I XQ-70 59.4 ?.r! 246' 011l8ij 1 JC I' 11
10 NOV 66 9-2 F-5P 40*4 1.65 14• P 1,8,11 i. 1' 20 n
10 NOV 66 o-1 F-104 21.1 1.14 l40 p .,01 ,114 1 44 7c
23 NOV 66 10-1 XB-70 59,7 Z*.6 2?6 Ll'loi3$ 7 1 On 91
23 NOV 66 10-2 F-SR 174 1.7 4'7, L %, 2' f, & 1 I

16 DEC 66 11-1 F-104 20n.. 14 741 , !ti_ Ir "I P

16 DeC AA 11-7 P-gP 4 fl.. I Al4 Z0 I V
16 fFC A6 11-' XQ-70 •s,4 1,9 tc! I2 ?n Nc

4JAN 67 1,2-1 P~j2P 40. lot 74 0j )n ? n 10
4 JAN 67 17-? XA-70 An wt 74A L o.ý"Pn ?n r, C)

& JAN 67 1?-' F-104 2'. 1.42 '410 A,71, 49 7n 44 2?
3 NOV 66 11-1 R-ý &9O 1.6 "I 'I J , IS C. &1
3Nf" hAl'-7 y 0 -7~ ft . lAn '01*A, 41 1) '4 .1. 1.- *C&

Iluov ' 1 1 .tr-wC4 Id1s' 4r, '2%4 -P IQ C7 l
?0 Dnr E 14-1 X2-7n Sq. 1.8 747 p ^,7: lg 11 77 27

7 n
0 n~r 1,ts~j A 4-- OCl6 ?1. 1.- -43 '7
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TABLE A-9

MISSION LOG - EDWARDS PHASE II (Continued)

F)ATr ,'•, a/r ALT IYAqrH ror Hrr.: nr, - - •:

lk" KFT O P TYc T w
t.5L SOn ILDS) /0.)v

13 JAN 67 15- XP-70 60.6 1.8 748 P 0 9.r 'I1I 1: L 1
13I J 4 K 67 19-2 R-58 I~. *?0 106ý 25? *'1 h t.4'
13 JAN 67 15-? F-104 20o? lob )4;1 D r.)" 27 An

17 j AN 67 1 t6- I R-8 1997 1.65 4,7 0 'A~ on.1 19 1A
17 JAN A77 1 - XO-7n 1o 7 I.A 245' %.17 i
17 JA7P' 67 1f-3 C-104 20.6 1.4 ?5r) r Coop7,1~I
?lOCT ý6 17-1 F-104 3102 1 t1.6 :)=2[ R 7, f, * 1• "0;

11 OCT 66 17-2 P-5F 4Pe6 1.61, ?9".1 R /.P -Ira 16 -j"

31 OCT 66 lA-1 -5SP 47.3 1.611 25. L 1.4 4 ' if -'
31 OCT 66 18-2' F-104 31 0 1 -! 241 R 1.2 Cr 16 C .

31 OCT 66 19-11 F-104 30*5 1.61, 25O R Fr) ,• 17 "
31 OCT 66 19-2, 9-58 3S. 1.43 244 L 1.) I')! i0 =7
31 OCT 66 ?0-1 n-; 43* 1o52. 251 P 74 ?I4

31 OCT 66 20-2i F-104 31.0 1.65 24. ?,Ili

8 NOV 66 21-1 8-58 47o6 1.60 ?46 L 1,7 'i1n ?A
8 NOV 66 21-2 KC1358 l76
8 NOV 66 22-1 9-58 47.5 1.65 2•- L 2.n 1121 16 A4 I)

8 NOV 66 22-2 WC135B 3•.9 250 1.76 68 1.
8 NOV 66 21-1 P-58 47.8 1.65 246 q 1.4 W)I 17 1'. cl
8 NOV 66 21-2 W.C135B 1.3 235 1.76 A, P I
8 NOV 66 24-1 R-50 47*7 1.6c,2 5M•, .2111 17 0 'r
8 NOV 66 24-2 WC1359 5.4 23(' 1,76 71 m .1
8 NOV 66 ?5-1 P-58 4699 1*6, 747 P I.[ 3'' I, I,
8 NOV 66 25-2 I-C1350 3Q 21K 1.76 7 ,8 R 1 1
8 NOV 66 26-1 8-58 47.9 1; 0 244 "11211P 11 41
8 NOV 66 26-2 WC1359 13.? 222 1.76 77
8 MOV 66 27-1 ':IC1?5B 8 .11 '45 1.76 7I
8 NOV 66 27-2 9-5? 47.o4 146 247 P of ?] 1P 'I r7
8 NOV 66 ?A-1 WCI1A• "F,9 ?' 1.76 59 R R 1
8 NOV 66 28-2 A-qF 40,0 1.6 74 Al 0 4.1 41?j -A !• 7 , ;
8 NOV 66 29-1 'C13 50 230 1.76 65 R .1
F NOV 56 29-2 •-8 47.94 1.65 "401P Io 11 l 1r 7r ?'

8 NOV A6 0-1 ",:C.(l .1 ?r= 1.76 '417
e NOV AA6 10-? C--, 47s 10.6 ?74j r A 'r"1' ? 19 17 41
8 N•"V 6. 31-1 h'oc I.P e 1 2?7 1.76 ;o
F NOV 16 11-2 5-58 47,.l 10 An 744 L 1.o 312 19 5? 41
A NMOV 667 tI r'-1 r• -ýC*') 23C 1.76 77 L *1
8 NOV 661 12-2 r."P 48.0! 1.61 , ?47 L 214 ?121 ?. .?n n4
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TABLE A-9

MISSION LOG - EDWARDS PHASE II (Continued)

"DATE MSN" A/,^ ALTT MAH PP ID OFF- O BOOM TMEf'ly 0 YF " IKrT 0P TKFFI SET DY HNP fN SC
MSLL SPD fLDG. IL/R.K _ ZL!

16 "O.7 7LA q-l p-re .6.2?17.-6 r4 1L 5.1 32:) 16 3o 16
16 Nf)V 66 '2-2 1 W-11" 1.2! 240 1.'6 'Al0 L 0. 32-) 16 31 42
16 NOV 66 'L-1 B-5P "6.O 1.65 ?4A L 4z2 32ý 16 58 12
16 NOV 66 34-2 WC1 1 5 4.4 236 1.76 67 L 0.8 320 16 59 33
16 NOV 66 ?5-1 F-5! 36.4 1.63 247 R 1.5 320 17 18 37
16 NOV 66 35-2 WC1350 4.4 238 1.76 066 L 0.2 320 17 19 59
16 NOV 66 16-1 P-58 36.2 1.64 245 320 17 45 38
16 %OV 66 36-2 1WC1355 3.2 230 1.76 066 323 17 47 10
16 IIOV 66 37-1 .P-3 16.0 1.65 248 R 2,1 320 18 09 56
16 NOV 66 37-2 IWC35B 3.1 260 1.76 062 320 18 08 15
16 NOV 66 38-1 B-58 35.9 1.64 239 L 8.9 320 18 31 39
16 NOV 66 ?8-2 j 11CI'5B 4,4 244 1,76 072 L 0.2 320 18 30 54
16 NOV 616 3O-1 1P-SR 35.7 1.65 244 P 0.7'320 18 51 56
16 NOV 66 30-2 lWC138B 4.3 256 1.76 083 L 0.! 320 18 49 30
16 NOV 66 40-1 B-58 36.2 1.64 248 R. 2.,2 320 19 01 57
16 NOV (,6 40-2 IwC1358 3.1 240 1.76 072 L 0.3 320 18 59 22
t7 NOV 66 1-1 8-58 36.3 1,65 247 3.5 321 8 16 40
7 NOV 66 1i-2 WC1358 4*3 257 1.76 077 321 18 17 37
1 NOV 66 42-1 IB-58 1 1 282 - -5 ITnoflU
I NOV 66 4-2 ItC135B 3.0 262 1.'6 063 L 1.2 325 19 01 13
.1 NOV 66 41-1 WC1358 191 1.76 06S L 0.6 325 10 1q 48
1 NOV 66 43-2 8-58 35,9 1.65 249 L 2,9 325 19 23 51
1 NOV 66 44-1 WC1358 4.3 1.76 062 L 0,7 325 19 30 47
1 NOV 66 44-2 R-C8 36,4 1.65 250 L 3*5 325 19 31 58
1 NOV 66 45-1 8-58 36,0 1.63 246 . ,9 %I19T
1 NOV 6A 45-? WCI35B 4., 280 1.76 077 L 1.3 325 19 55 12
1 NOV 66 46-1 8-SP 35*q 1.55 246 L 1.6 325 20 37 14
1 NOV 66 46-' WC13CS 1*0 1.76 065 L 0.3 325 20 37 55
1 NOV 66 '7-1 WC13•5 3.1 1.76 074 L 0.6 335 21 O0 26
1 NOV ff, 47-2 P-98P 35.8 1.62 244 L 2.5 325 21 02 53
1 NOV 66 48-1 WCI t=B 4.3 250 1.76 083 L 0.8 325 21 13 02
1 N(%V £ 6 40') 9-CP 16.0 1.6"6 747 L O~t 37t 31 IS ol
S NOv ,66 4Q-l WC11 F 2.R 24•1•N, 1,76 Al L 0.' 319 16R 1 7S
5 NIOV A, 40-. F-104 15., ,l4 1. ?4e 9 nR i "'19 1P ?1 12
5 NOV 66 S0-I WC19P 3.3 21? 1*." 6R L 0.1 319 18 31 46
5 NOV 66 50-2 F-10A 16.4 1.22 245 L 0.6 319 18 446
9 NOV 66 51-1 WC1B 2.7 255 1.76 7? 333 16 3? 15
Q NOV 66 p1-? t-104 16.6 1.*f0 746 P 4.0 333 16 34 06

6A O-FC 6P =- -104 1'on 1,.1 ?4%k ;p ? S 40 17 34 17
6 nEC 66 C'N-' Wrlc 1*7 270 l1T '14 71 1.71 34n 17 U C
6 arc A! l-=l- 117.1 .m 246jR 3,1: lw 1? 44 23

INC £6 4f r 1 -1 r110 's 2551 7* 4 -L Ic2n17 4C 11
7 VW( 66 41 -n, I 1 46L O 361 17 Ic P
7 DEC (66 S ~4 I 'Act' 25511.7,, 6*2 7? 14J ,17 1? n
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TABLE A-9

MISSION LOG - EDWARDS PHASE II (Continued)

DATF MSN A/C ALT MACH F'P HDC OFF- rc. POONM TMc
DY MO YR KFT OP TKFF cFT ny HP MM ci

MSL SPD LDG) L/PK ZULU
21 DEC 66 55-1 F-104 1690 1.3 24A L 1', 3•5 16 I 1•0

21 DEC 66 55-2 WCI1rR 2.7 290 1.76 6P 355 16 I5 38
9 DEC 66 56-1 F-10 16.5 1.28 246 R 2.2 343 18 29 4?
9 DEC 66 56-2 WC1358 343 I 30 31
9 DEC 66 57-1 F-104 16.0 1.29 240 P 0.8 343 18 37 54

9 DEC 66 57-2 WC1358 2.5 265 1.76 71 _g.2 343 18 39 4P.
?0 DEC 66 58-1 WCI?58 2.5 315 1.76 73 R 0.2 354 17 40 24
20 DEC 66 58-? F-104 16.8 1.' 246 P10,8 354 17 41 5P
20 DEC 66 59-1 WC135F 3.4 1.76 74 354 17 50 26
20 DEC 66 59-2 F-104 116.6 1.34 247 R 8.0 354 17 50 17
21 DEC 66 60-1 WC1350i 2.8 280 1.78 68 L .1 355 16 20 49

21 DEC 66 60-2 F-104 I 17.1 1.28 245 L. s8 3.5-- .22 31.

15 NOV 66 61-1 F-104 29.6 1.65 247 R 3al1 319 16 55 19
15 NOV 66 61-2 WC135B 3*4 242 1.76 61 L 0.3 319 16 56 14
30 NOV 66 62-1 F-104 30.3 1.66 246 R 1.3 334 16 27 50
30 NOV 66 62-2 WC1358"4.2 1.76 72 L .-2 334 16 29 22
80 NOV 66 63-1 F-104 29.6 1.62 242 L .9 334 18 32 57

0 NOV 66 63-2 WC1358 6.6 1.76 64 L .6 334 18 34 22
29 NOV 66 64-1 WC135B 6.5 280 1.76 69 L 0.5 333 16 58 31
29 NOV 66 64-2 F-104 29.4 1.65 248 R 3.0 333 16 59 481

6 DEC 66 65-1 WC1358 4.4 260 1,75 68 L 1.2 340 17 27 17
6 DEC 66 65-2 F-104 29.7 1.60 244 L 0.1 340 17 30 17
6 DEC 66 66-1 WC1358 3.4 245 1.76 L 1.0 340 17 54 54
6 DEC 66 66-2 F-104 30.1 1.64 245 R 2.2 340 17 57 09
7 DEC 66 67-1 F-104 29.6 1.65 245 L 209 341 17 00 26
7 DEC 66 67-2 WC135B 3.3 1.76 70 L 1.8 341 17 02 52

21 DEC 66 68-1 F-104 29.7 1.64 249 R 5.1 355 16 44 19
21 DEC 66 68-2 WC1358 4.0 275 1.76 72 R .2 355 16 46 12

9 DEC 66 69-1 F-104 29.6 1.67 246 R 1.2 343 16 58 08
9 DEC 66 69-2 WC1558 6.2 1.76 70 L 0.9 343 17 00 05
0 DEC 66 70-1 WC135B 6.4 010 1.76 77 R 0.6 354 16 40 56
0 DEC 66 70-2 F-104 29.8 1.65 246 354 16 40 13
0 DEC 66 71-1 WC1358 4•4 285 1.76 74 R 0.2 354 17 02 08
0 DEC 66 71-2 F-104 30o6 1,9 244 L Ol 354 17 03 53

10 DEC 66 72-1 WC135B 4o.5 270 1,76 75 354 17 11 36
S0 DEC 66 72-2 F-104 34*.3 1.42 245 R 5.1 354 17 15 45
0 NOV 66 73-1 F-104 50.1 1.51 248 R 2.3 334 17 16 24
0 NOV 66 73-2 WC1358 4.2 265 1.76 68 334 17 17 36

115 NOV 66 74-1 F-104 50.5 1.5 247 R 4.2 319 16 27 48
115 NOV 66 74-2 WC135B 6.4 224 1.64 70 L 0.9 319 16 2q 49
30 NOV 66 75-1 F-104 49.6 1.5 246 R .9 334 18 41 52
30 NOV 66 75-2 WC135F 11.2 1.76 66 L 0, 344 18 42 37
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TABLE A-9

MISSION LOG - EDWARDS PHASE II (Continued)

DATF MSN A/C ALT MACH FPP 14CC 14 r er (W 0DM T':

DY MO yR KFT ORj TKFF I SET DY 4R MM SC
IMSL SPD ILDG}I |L/RK I ZL

29 NOV 6o 7t-I WCI35B 10.6 1.76, 75ZL L.?U'2 IP 11 I

29 NCV 66 76-2 F-104 50.4 1.5? 245IR 0.Q 3'3 18 26 13
29 NOV 66 77-1 <3IIc; P 6.4 1,7T j; r.1 ? P 1  4 7

29 NOV 66 77-? F-104 4A8. 1.o l 244 L ^.6 ?12 Ip 22 1^

7 DEC 66 78-1 WCI3SB 4.1 295 1.76 69 L 1.4 341 16 ?q il

7 DEC 66 78-2 F-104 L0O0 1.5 246 Q 1.2 334 16 31 AO

7 DEC 66 7;-I F-104 O0.4 1.5 246 P 1.8 341 16 4S 17!

7 DEC 66 79-2 WC135| 4.2 290 1.75 62 L I.? 341 16 46 70

211 rEC 66 ~O-l F-104 60.? 1.5 244 0 .!cc It %' 33
21 DEC 66 10-2 i!C135R 6.? 302 1.76 7C L ?", 16 54 17

21 DEC 66 81-1 F-104s 49.4 loci ?4 P Q. 29 17 n4 14

21 DEC 66 81-2 wCl3Sf? 10.4 276 1.76 6fL .6 r,' 17 ?ý %r

9 DEC 66 82-1 WCI35P 10.3 245 1.7- 71 R 1.2 343 16 38 15

9 DEC 66 82-2 F-104 50.5 1.5 245 R 3.0 343 16 " In

20 DEC 66 83-1 WC1158 6.5 1.76 73 R 0.2 354 16 50 in

20 DEC 66 13-2 F-104 6O.2 1.5 245 R 1*0 1r4 16 r 4C

21 DEC 66 84-1 WCI3P 4,. 1.78 60 L .2 3S 16 C' g
21 DEC 66 S4-2 F-104 49.!' 1.6 247 R ?.2 2" 16 04 It

16 NOV 66 85-1 R-58 16.0 16 248 1,4 !?A 1 24 59

16 NCV 66 85-2 WCI"P 1.1 258 1.76 "rh L %'A 3¾^ 10 ?4 ^2

16 NOV 66 86-1 6-5s 1f* 1.64 2 c1 R ?. 3-27 19 44 ý?

16 NOV 16 M-2 'Ci3cn 2.1 1.76 n70 317 19 41 21

17 NOV 66 87-1 P-rO "6. 1,4: 246 q 7., '71 17 'c ¾

17 %JCV 66 87-^ wCg 'P Ip - 240 1.76 767 L O. 3?21 l' . "

17 NOV 65 89-1 S-; 14.0 1.6• 244 R P r 3117 5' 10

17 NOV (% 88-2 WC I ? '.1 1.76 07? L O.' 3?' 17 66 27
4 JAN 67 13-1 P-rP 9.1I1.6S$ 2'6$ L "7i "4'21 C4 47

4 JAN 67~ 11-? xP-'O 60.31. lo 247j L *1pn4~ 71 Ar C
4 jAN 67 1'-' t-U)& ?r0 .. 1.4 3A ? Alf] 1 7r 44j

2 DEC i--417-I r-1o0 I'6.'1.6' 11 P % 2"t'P 1U', P 18
A L 4%1.F 2(,$

2 oC;:'-4 - 4.". -1 i4 3. 6 18 31 73
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TABLE A-9

MISSION LOG - EDWARDS PHASE II (Continued)

DrT.ATE Y ý K A /C ALT h ACHIDI Hr) M4r1 FF- 190 1Of- Tmr
"!y M0 (n) KCT ( Oq ITVrF j gT f' 14 k4 - ,

,MSL I PD ILDG| I LIP' V" ZUI/I'

S:,v 661121-1 S-'•8 47.4 1.66 ?E0 74 3 II 4(

3:CV 66121-2 ',?C13PF .,2 260 1,76 91 p 91

8 DEC 66122-1 P,-5! 4,6 1.65 244 R 2.? ?12 17 10 2F
F Y!C 66122-2 'C11r8 3.4 270 1.76 71 L ,•••?4? 17 12 1?
8 )C 66123-1 P-58 47.6 1.51 ?49 L LOO 342 17 ?2 1

8 DEC 66123-2 WC135B 2.7 255 1.76 68 L 0.6 1342 17 2• 24

S -`C 66124-1 - P 4A2 1.6' 4I L 0 ?.? 17 1-e I'2,r
8 DEC 66124-2 I.11 5!k 4.? 264 1.76 69 L 10 '47 17 ' 1'
8 DEC 66125-1 P-5P 48.? 1.65 t1.2 42? 1, 04 16

8 DEC 66125-2 WC1350 3.4 282 1.76 72 L 0.3 342 19 96 4r,

8 DEC 66126-1 .- 58 50.2 1.65 242 L 492 342 18 20 ?0

8 DEC 66126-2 WC135B 2.7 288 1.76 66 L 0,3 '42 18 31 25
8 DEC 66127-1 WC15B5 2.8 264 1.76 74 L Oa? ?342 I 'A 43
8 DEC 56127-2 M-r8 49.0 1.55 241 R . '24? 1 /.A4 4

8 DEC ',6128-1 WC1350 3.3 278 1.76 6n L t0, 34? 19 ?- 11

8 DEC 66128-2 0-88 41.6 1.4 244 34? 19 1P nA

8 9EC 66129-1 WC135R 4.1 255 1.76 71 L 03. 342 19 2? 2'
8 DEC 66129-2 9-r, 9 8&p 1.65 244 R 0.8 34? IQ 14 42

F '.-C 661.0-1 K'!C!3. 2.0 282 1.76 72 L 9.6 1A4 10 17 ?4

S CEC 6 130-? P-IF 4q94 1.68 ?4? P 1,0 '27 19 2n

8 DEC 5.131-1 WC13.5F 3,4 268 1.76 76 L ^*4- 34? 1O C4 4'.

6 VEC 66131-2 P-59 48,4 1.6- 246 R 1,7 34? 19 55 Ic

8 DEC 66132-1 WC1358 4,1 288 1076 75 L 0.6 342 ?0 1A 14

8 DEC 66132-2 P-58 48.3 1.65 241 L 4,5 342 20 IR 26
15 NOV A6 . *4-1 t"CI'2 '. 0 ') 4 1.76 65 L 0.' 319 17 17 21
15 NOV 66150-1 '.!C135P 5,1 226 1.76 67 L 0.3 319 18 nn 15
15 5."V ;6161-2 WC11rP 1e8 230 1.76 67 L 0.I 31r 17 0'1 &A

21 DEC 66172-1 WC115B 3,3 304 1.76 68 L .5 355 17 ?7 15
?I D0C A617?-2 F-104 29.0 169 245 R 6,4 385 17 71 1P

15 NOV 6 174-2 WC1358 5,3 232 1.76 S, L M.4 31Q 16 17 21
3 DEC 6f221-1 B-50 47.2 1.4 246 R 3,9 342 16 4? 16

3 DEC 6•221-2 wC135R 4.1 268 1976 70 L 0.3 34? 16 41 18

15 "9!k 6f?14-I1 WClSBR 3.0 234 1.76 66 L 1*! 110 17 24 1l
1; NOV 6C?'0-l WC 1 -3' rR 227 10'6 61 L t.'7119 18 01 44

ij NCV 61261-2 WClrlq 10 230 1.76 67 L 0.6 31: 17 In 4p

151 0 tV 9;'74-.? 1.'C I I c;a 5,3 ?4A 1.6 8,1 "1. 310 16 45 14

15 NCV 6 350-1 WC135B 5.2 247 1.76 60 L 0,8 .12 18 39 2.3I! !2,, 4 L. •,, I' r•: 2.0 2. 1076 6 L -,1 31 IP 46 )'3

Note: 31 SR-71 silsions were flown in addition to the missions listed
above.
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TABLE A-1O

INSTRUMENT LOCATION LOG

DATE CHNL HOUSE INST TYPE LOCATION
DY MO YR INSTRl

15 NOV 66 101 1 MAI ACOUSTIC CNTR LR SUSP 6 FT ABV FIR
15 NOV 66 102 1 KA2 ACOUSTIC CNTR FR-KIT SUSP 6 FT ABV FIU
15 NOV 66 103 1 MA3 ACOUSTIC CNTR BRI SUSP 6 FT ABV FLR
15 NOV 66 104 1 MA4 ACOUSTIC BR1 FRONT OF CLOSET MOVABLE
15 NOV 66 105 1 MA5 ACOUSTIC FR-KIT FRONT OF RANGE MOVABLE
15 NOV 66 106 1 A3 LF ACCEL CONC BLK FIR BRI AXIS VERT
15 NOV 66 107 2 MAl ACOUSTIC BTNN LR AND DR SUSP 6 FT ABV FLR
15 NOV 66 108 2 MA2 ACOUSTIC CNTR KIT SUSP 6 FT ABV FLR
15 NOV 66 109 2 MA3 ACOUSTIC CNTR BRI SUJSP 6 FT ABV FLR
15 NOV 66 110 2 MA4 ACOUSTIC CNTR FR
15 NOV 66 ll 2 )A5 ACOUSTIC FR-KIT-DR KIT STOVE
15 NOV 66 112 2 MA6 ACOUSTIC 'R-KIT-DR,DR SUSP 6 FT ABV FIR NR CHINA CLU
15 NOV 66 113 1 MA7 ACOUSTIC OUTSIDE SUBJECT GROUP
15 NOV 66 114 L IRIG B TIME CODE AND VOICE

DATE CHNL HOUSE INST TYPE LOCATION
BY NO YR _ISTR

15 NOV 66 201 1 A5 LF ACCEL ROOF PLATE LINE E WALL NE CRNR (E-W ACCEL)
15 NOV 66 202 1 All LF ACCEL BRI E WALL (N-S ACCEL)
15 NOV 66 203 1 A6 LF ACCEL ROOF PLATE LINE N WALL NE CRNR (N-S ACCEL)
15 NOV 66 204 1 ML3 PRESSURE BRil E WALL NEXT TO All
15 NOV 66 2051 1 ML4 PRESSURE FR-KIT CNTR CLG ATTIC SIDE
15 NOV 66 2061 2 SG41 STRAIN IGARAGE WNDW 3RD FROM CNTR
15 NOV 66 207, 1 SG3 STRAIN iGARAGE CNTR LARGE WINDOW
15 NOV 66. 208, 2 S042 STRAIN GARAGE WNDW 2ND FROM CNTR
15 NOV 66• 209, 2 MA8 ACOUSTIC TRIGGER MIKE
15 NOV 66 2101 2 SG43 STRAIN ! GARAGE WNDW 1ST FROM CNTR
15 NOV 66 211 :SPARE
15 NOV 66i 212 2 SG44 STRAIN GARAGE WNDW CENTER
15 NOV 66 213 SPARE
15 NO 66 214 1 IRIG B TIME CODE AN'D VOICE

DATE CIOL I HOUSE INST TYPE LOCATION
Dy M YR i INSTR I ......... . . .

15 NOV 66 301' 2 Al LF ACCELi DR FLR CONC BLK AXIS VERT
15 NOV 66 303! 2 A3 LF ACCEL BRI BED CONC BLK AXIS EAST-WEST
15 NOV 66 302 2 A2 LF ACCEL FR FLR COliC BLK AXIS VERT BSIM KIT AND FR
15 NOV 66 304 1 Al ILF ACCEL LR FIR CONC BIX AXIS VERT
15 NOV 66 305 1 A2 LF ACCEL FR-KIT FLR CONC BL5 AXIS VERT
15 NOV 66 306 2 AlP hF ACCEL FR FIR COlIC BLK AXIS VERT
15 NOV 66 307 2 A2P HF ACCEL FR-KIT-DR MOVABLE KIT WNDM BETW KIT AND FR
15 NOV 66 308 2 ASP lIF ACCEL AIR COND DOOR
15 NOV 66 309 2 A6P !HF ACCEL FR-KIT-DR MOVABLE KIT CABNT DOOR ARV SINK

LEFT
15 NOV 66 310 2 A9P HY ACCEL URI CLOSET DOOR
IS NOV 66 311 2 AIOPHF ALCEL KIT CABINET
15 NOV 66 312 Z AII HF ACCEL FR-KIT-DR MOVABLE DR CNTR N WINDOW
15 NOV 66 :131 2 A12 HT ACCEL Bll EAST WNDW
I. NOV _ _; _11 _ ,..... , IRIG B TIME CODE AND VOICE
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TABLE A-1O

INSTRUMENT LOCATION LOG (Continued)

DATE CHNL HOUSE INST TYPE LOCATION
2Y NO YR INSTR

15 NOV 66 401 2 A5 LF ACCEL ROOF PLATE LINE N WALL NE CORNER (N-S ACCEL)
15 NOV 66 402 2 A9 LF ACCEL BRI CNTR CLG BOTT CHORD ROOF TRUSS
15 NOV 66 403 2 A6 LF ACCEL ROOF PLATE LINE E WALL NE CORNER (E-W ACCEL)
15 NOV 66 404 2 All LF ACCEL DR E WALL MID HT CNTR STUD
15 NOV 66 405 2 A7 LF ACCEL 2ND FLR PLATE LINE N WALL NE CRNR (N-S ACCEL)
15 NOV 66 406 2 A12 LF ACCEL BR1 N WALL MID HT CNTR STUD
15 NOV 66 407 2 AS LF ACCIUL 2ND FLR PLATE LINE E WALL NE CRNR (E-W ACCEL)
15 NOV 66 408 2 ML2 PRESSURE BTWN LR AND DR SUSP 6 FT ABV FLR
15 NOV 66 409 2 ML3 PRESSURE BRI ATTIC
15 NOV 66 410 2 MIA PRESSURE BRI CNTR CLG SUSP 2 IN BELOW CLG
15 NOV 66 411 2 D1 DISPL ADJACENT TO A5 WITH SAME AXIS
15 NOV 66 412 2 D2 DISPL ADJACENT TO A6 WITH SAME AXIS
15 NOV 66 413 SPARE
15 NOV 66 414 IRIG B TIME CODE AND VOICE

DATE CHNL HOUSE INST TYPE LOCATION
DY NO YR _ NSTR

15 NOV 66 501 3 AlH LF ACCEL TOP STEEL COL INTERIOR OF BLDG E-W RACKING
15 NOV 66 502 3 A2H LF ACCEL TOP STEEL COL SOUTH SIDE E-W RACKING
15 NOV 66 5CJ 3 A3H LF ACCEL TOP STEEL COL SOUTH SIDE N-S RACKING
15 NOV 66 504 3 A4H LF ACCEL TOP STEEL COL WEST SIDE N-S RACK!NG
15 NOV 66 505 3 A5H LF ACCEL CENTER OF ROOF GRDR HORZ ACCEL
15 NOV 66 506 BLANK
15 NOV 66 507 3 SIL STRAIN BOTT FLANGE ROOF GIRDER AT CENTERLINE
15 NOV 66 508 3 S2L STRAIN BOTT FLANGE ROOF GIRDER AT 1/4 POINT -
15 NOV 66 509 3 S3L. STRAIN BOTT FLANGE ROOF PURLIN AT CENTERLINE
15 NOV 66 510 BLANK
15 NOV 66 511 BLANK
15 NOV 66 512 3 M2 PRESSURE INTERIOR 3 FT BELOW ROOF
15 NOV 66 513 3 14 PRESSURE EXTERIOR ABV ROOF
15 NOV 66 514 IRIG B TIME CODE

DATE 'HKL HOUSE INST TYPE LOCATION
DY MO YRU INSTR

15 NOV 66 601 2 MLC1 PRESSURE EAsT CORNER CRUCIFORM ARRAY
15 NOV 66 602 BLANK
15 NOV 66 603 2 MLC2 PRESSURE NORTH CORNER CRUCIFORM ARRAY
15 NOV 66 604 BLANK
15 NOV 66 605 2 MLC3 PRESSURE WEST CORNER CRUCIFORM ARRAY
15 NOV 66 606 BLANK
15 NOV 66 607 2 MLC4 PRESSURE SOUTH CORNER CRUCIFORM ARRAY
15 NOV 66 608 BLANK
15 NOV 66 609 2 MLC$ PRESSURE CENTER BOTTOM MAST CRUC ARRAY
15 NOV 66 610 BLANK
15 NOV 66 611 2 MLC6 PRESSURE CENTER TOP MAST CRUCIFORM ARRAY
15 NOV 66 612 1OICE
15 NOV 66 613 100 KC REFERENCE SIGNAL
15 NOV 66 .614, IRIG B TIME CODE
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TABLE A-IC

INSTRUMENT LOCATION LOG (Continued)

DATE CHNIL HOUSE INST TYPE LOCATION
DYMOW u INSTA

15 NOV 66 801 2 ML15 PRESSURE OUTSIDE CNTR HIGH ROOF N SIDE
15 NOV 66 802 2 ML16 PRESSURE OUTSIDE CNTR HIGH ROOF S SIDE
15 NOV 66 803 1 mL1 PRESSURE OUTSIDE N WALL ABV PLATE
15 NOV 66 804 1 ML PRESSURE OUTSIDE E WALL
15 NOV 66 805 1 iLS PRESSURE OUTSIDE W WALL GARAGE AT PLATE LINE
15 NOV 66 806 1 31 PRESSURE OUTSIDE S WALL CNTR ABV PLATE LINE
15 NOV 66 807 2 ML17 PRESSURE OUTSIDE N WALL MIDDLE-2ND STORY
15 NOV 66 808 2 3LI8 PRESSURE OUTSIDE S WALL MIDDLE 2ND STORY
15 NOV 66 809 2 18A4 PRESSURE OUTSIDE W WALL GARAGE ABV PLATE LINE
15 NOV 66 810 2 ML13 PRESSURE OUTSIDE W WALL ABOVE GARAGE ROOF
15 NOV 66 811 2 10A1I PRESSURE OUTSIDE E WALL MIDDLE OF 2ND STORY
15 NOV 66 812 2 31012 PRESSURE OUTSIDE E WALL MIDDLE OF 1ST STORY

OUTSIDE DR
15 NOV 66 813 VOICE
15 NOV 66 814 IRIG B TIME CODE (CP-100 REVERSED IRI

HEAD)I
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The cruciform array analog tapes were digitized using the facilities

available at Edwards AFB. The analog to digital conversior, (A/D) equip-

ment at Edwards AFB is capable of digitizing six channels of data at a

sampling rate of 5000 samples per second per channel. The computer

facilities consist of an IBM 7094/44 direct coupled system.

The raw digital tapes are in multiplexed form, and a computer program

was developed in order to provide a check of the digital data and to ar-

range the data In a readily usable form. This program de-nultiplexed and

arranged the data serially by mission and channel, evaluated the sinusoid-

al calibrations by a curve fitting and averaging process, edited the dig-

ital data so that the final output was one second of data, converted the

data to pounds per square foot, located positive and negative peaks and

computed the time interval between them, and stored identification in-

formation on the tape. A brief description of the format of the digital

tapes is given in Appendix A-1.

DIGITIZATION REQUIR•)ENTS

Structures E-l, E-2 and E-3

Instrument Tape Recorder Digitization Filter
Number Rate SPS Cutoff CPS

Low Frequency Accelerometers TR-2 8000
"TR-3 2000
TR-4 8000

mot TR-5 8000
High ... TR-3 10000
Loading Microphones TR-2 8000

Th-4 1600
.TR-5 8000

Chnls 801-607 Th-G 8000
Chnla 806-812 1R-6 1600

Acoustic TR-l 20000
Strain Gages TR-2 1600
Strain Gages TR-a 16C#O
Displacement Meters TR-4 1600

Cruciform Arra

Loading Microphones TR-6 5000 1350

Note: For tape recorders 2, 4, 5, and 8 the time code (tape channel 14)

is digitized as a data channel and the sampling rate is 80W) sps.
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IV PSYCHOACOUSTIC TESTS

The kirst step in studying the effects of booms and subsonic air-

crait noise upon human reactions was to specify the noise conditions

and devise psychological tests to obtain subjective reactions of listen-

ers to booms and aircraft noise in terms of the relative "acceptability"

of these sounds to them. The primary test procedure devised was that

of paired-comparisons in which the listener must indicate which of a

pair of sounds (two booms, or a boom and aircraft noise) is judged to

be the more acceptable to him. The two sounds, designated as A and B,

were made to occur within one to three minutes or less of each other,

and judgments were obtained four separate times for each condition of

A and B, twice for A vs. B, and twice in reverse, B vs. A. In addition,

the listeners were required to indicate on a scale the acceptability of

each boom or aircraft noise.

During Phase I, 173 subjects were selected from Edwards Air Force

Base and Lancaster. During Phase II, subjects were not used in the

Lancaster test house. Approximately 120 subjects were sclected for

Phase II from each of three communities: Edwards Air Force Base,

Fontana, and Redlands, California, with the majority of the tests con-

ducted with the Edwards Air Force Base personnel. During Loth Phas',s,

the subjects were distributed inside and outside the test structures

at Edwards Air Force Base as follows:

E-1 Bedroom 8 subjects

E-l Living Room 8 subjects

E-I Kitchen/Family Rtom 11 subjects

E-2 Bedrotm 10 subjects

E-2 Living Iloom 9 subjects

E-2 Dtnting Rtom 6 subjects

E-2 Kitchen/Family Rotm 13 subjects

Outside 53 subjects

Tot a 1 12o subjects
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The subjects were all adults (18 years or older) and were chosen to be

as representative as possible of the communities in which they live,

including at least 80% housewives. The hearing acuity of the subjects

from Edwards was determined by standard audiometric techniques.

In the experiments, at least four evaulators monitored the subjects,

notifying them 1-2 minutes in advance of each pair of test flights, and

collecting and scoring the answer sheets. The psychological response

sheets were scored and the data tabulated on a daily basis. The re-

sponse data were also entered on punch cards for detailed post-test

analyses which would show the percentage of people %ho preferred the

first or the second of the pairs of sonic booms or boom and subsonic

aircraft noise, and the distributions ol acceptability ratings given to

each of the sonic booms or aircraft noises. The data were averaged

over all subjects in E-1 and E-2 to represent general "indoor" listen-

ing response and averaged over the outdoor listeners to obtain "outside"

listening response. In addition, the subjective response data were

scored in terms of groups of subjects located in individual rooms with-

in E-1 and E-2 to determine possible differences in room conditions

upon oubjective response. Data concerning age, sex, occupation, and

years of residence in their community were obtained from all of the

subjects and correlated with the subjective response data.

The subjective response data were correlated with a number of phys-

ical measures of the sonic boom and subsonic aircraft noise to deter-

mine possible methods of measur::ment, and calcul.ations from these meas-

urements, that can be used to predict subjective reactions to sonic

booms and subsonic aircraft noise. To this end, the physical measures

and indices riven on p. A-58 are being obtained for Phase I1 data. The

poor time code on the tapes from Phase I limits the number of computa-

tions which will be made from that Phase. Finally, the structural re-

sponse data will be analyzed and an attempt made to explain, if possible.

what role the house structures and components in the houses had in pro-

ducing the acoustic and vibrational signals to %hich the subjects re-

sponded.
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EDWARDS PHASE II IMTA REDUCTION

BOOM NOISE

Inside Outside
Mcl. Ace. Mic. Ace. Inside Outside

"Peak" PNdB, dB(A), dB(N), loudness
(phon-s)

"Integrated Average" of above X X x x

Values of Peak PNdB, dB(A), dB(N),
loudness (phon-s) at 1/2 sec. X X x X
interval I

Peak Acceleration X

K... K

Energy Spectra 0-50 cps K x

0-200 x X

0-1000 x X

20-1000 X X

20-200 x x

NOTE: (I) Use 70 msec smoothing time constant for boom analysis.

(2) Use 200 msec smoothing time constant for noise analysis.

(3) Recording instruments to be used.

(a) 5 cruciform-array microphones (booms)

(b) I outdoor acoustic microphone (booms and noise)

(c) 8 indoor acoustic microphones (booms and noise)

(d) S low-frequency accelerometers (booms)

(I) "Integrated Average" meais the accumulated values o1 smoothed
(averiaged) samples.

0,V) For boom-boom miss tons - 44 records to be processed.

For boom-noise mtssion,-*31 records to be processed.
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Appendix A-I

OPERATIONAL SUPPORT PLAN

In general, technical support was required for the sonic boom test

program in four areas, defined as follows:

1. Radar control and space positioning data

2. Base timing

3. Data processing

4. Photographic support

Radar vectoring and control determined aircraft position over the

instrumented test sites during the recording times.

Base timing provided a time reference for the acoustical informa-

tion recorded at the test sites.

Data processing digitized and formatted the recorded information

in a form (DDPS output tape) acceptable to the AFFTC Data Systems Com-

puting Center.

The operations plan specified the following tasks to achieve the

above-listed support:

I. Technical Support by Edwards Air Force Base

Provide radar vectoring and control for all aircraft during sonic

boom tests. Analog plots were required for all aircraft during super-

sonic portion of flight, with no more than two aircraft shown on each

plot.

Provide altitude and speed adjustments for aircraft prior to 20

nautical miles from entry point. No correction will be made after the

20 mile point.

Provide countdown from three miles to test site.

Provide deceleration point and turn information to aircraft.

Provide a record of the following information for all supersonic

flights:
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1. Time of entry point

" Time supersonic

3. Time at altitude

4. Time on Mach number

5. Time at 20 mile point

6. Time subsonic

Provide digital radar data for all XB-70 and NASA F-104 flights.

Provide analog plots on the WC-135B flights.

Provide a terminal timing unit for installation in the instrumented

test site on south base.

Provide one timing van to supply base timing at the bowling alley.

Provide a copy of analog tape recorded at set site.

Provide analog-to-digital conversion for approximately 30 tapes.

Each tape will consist of information from as many a, 12 sonic boom

tests.

The magnutic tapt- !will contain the following information:

1. Six chatntls oi wide band data (5.1 KC - 401C)

2. One channel IRIG H timing

3. One channel of 100 KC reference frequency

-1. One track audio

The above data channels will be ngilt ized simultaneously and for-

matted as ol lows:

1 . 51)l111 samples/&econd'channvl

N. Numtbr tit woids per record - 92o

3. Number ti1 bit,. per word - 2.1

I. Dit den.ity - 556 ,.P.I.

Pre- ,"id in,-t-rfo bratfio inomrmation ,'halL .ml ,si Include digitiza-

tit-i in t-n intlimtmo •lith thn data.

Start I-vip time :,,r Ihq. calibration and data will be Identifled by

thi 'r.,| t " (mi,,ntl',e ol).
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The programmer (contractor) will merge the digitized tape with the

card information (control and test data) in the direct coupled computer

system (IMI 79.11/44).

Computer output will vonsi ' if:

1. tabu'lar

"21. three tapes of merged data (copies)

Provide 50 -1x5 still photos of instrumented test sites and subjects.

Prepare a 1i-to 20-rinute silent inhouse engineering briefing film

of Phase II of the test program.

Prepare a Stall Film Report on Phase II of the test program.

Provide 10 each 8xlO prints of the still photos (color).

Provide vertical aerial photo (color) of the three test sites as

shown in Attachment 4. Area shown is 2000' long by 600' wide.

Provide six each proportional color prints of aerial photos.

2. Flight Operations, Strategic Air Command (SAC) Mission

SAC *ill provide B-58 aircraft and associated tanker support for

the number of booms and overpressure relquired.

Planning Data

SAC D-58 support for XB-70 aircraft will stage fronm Edwards AFP to

provide back-up capability it the AFSC Tl-58 aircraft as well as afford-

ing common briefing otf aill part icipating atrcrews. If back-up is un-

necessary, SAC B-58 may tie laurched after XB-70 force for use in other

experteent' .tý rejuirert. All B-3M 'ortti supporting F-104 and

WC-135B aircraft may be launched fr•e home base.

P•sint of -u|utrsoi- over iliight t. -l-ZSN 117-5-1-34)wton an in-

bound track il l.115" wag Aircraft will decelerate to subsonic speed

on request of SPOhT CUVNTOL, turning right [or subsequent runs as

necessary. 1t..cetrck pattern will remain withtn bounds of Edeards SOA.

A maximum of two B-58 aircraft *ill be in the racetrack pattern at

any time. 8-58 aircraft will be 'paced at opposite fnd' of the race-
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track pattern %hen two B-58's are needed to meet boom tii.es.

Planned boom time for first aircraft scheduled to cross overflight

point on sorties, not involving the XB-70, is 1630Z.

Planned boom times for XB-70 are 1745Z and 1845Z on double boom

sorties, and 1745Z oin single boom sorties, Boom times for other air-

craft suppoiting the XB-70 will be provided.

Ten additional B-58 supersonic overflights will be required at

seismological sites in Arizona and Utah (5 booms each site) upon com-

p)let ion of the experiment at Edwards Air Forcc D;.zc. Information will

be forthcoming when it becomes available.

B-58 aircrews will report actual true heading, Mach number, indi-

cated altitude (29.92), gross weight, and flight conditions, i.e.,

turbulence or any departure from straight-and-level at time of over-

ilight of designated point.

3. Flight Operations-Military Aircraft Command Mission

,MAC %ill provide WC-135B fanjet subsonic overflights as required.

Planning Data

MAC WC-135B support will be generated to conduct low-level sub-

sonit :jverflights of varying PNdB noise levels. Altitudes, aircraft

configuration and EPR required to produce desired PNdB levels are as

indicated at the end of this Appendix.

Flights will be flown over specially constructed instrumented

houses and subjects in conjunction with the XB-70, B-58, and F-104 booms.

Weekly flight schedules %ill be furnished Edwards Center scheduling

by 11(0 each Wednesday'. Daily confirming flight schedules will be fur-

ntshed by Ilttil on the day preceding that schedule.

XI1-70 llights wltl take priority over all other desired data.

C-,,rdinatsin ill both weekly and dailly schedules will be effected by

Edwa'rds AFB Center Stheduling lith project personnel ot the 9th Wather

siu.,ctron. Ib'v stat aon. frim schedule will occur only as dictated by

XlI-7aa status.
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WC-1358 aircralt will fly a right-hand racetrack pattern with an

inbound heading of 065 degrees oveir the test site. Space positioning

will orbit WC-135B aircraft in the vicinity of Rosamond, California, to

establish timing.

All overflights will be conducted at takeoff power setting of 1.76

EPN. Aircraft will he sluw-ilown on inbound heading to approximately

6u seconds from over site. Aircraft at this time will be configured to

enable minimum speed at takeoff power, iaintaining constant assigned

altitude. Aircraft will maintain altitude and power setting for 30

seconds after passing test site. Pilot will report to tower when on

inbound heading. Tower will take action to preclude loss of data due

to conflicting engine run up, takeofis, or landings during overflight

of WC-135B. At termination of each run, WC-135B pilot will pass power

setting, speed, and altitude to SPORT CONTROiJ.

ALTITUDE ABOVE SITE EPR PNdB

80001 1.76 85

4000' 1.76 95

2800' 1.76 100

2000' 1,76 105

1800' 1.76 106

1400' 1.76 110

1000' 1.76 113

700' 1.76 117

500' 1.76 11l

400' 1.76 121

250' 1.76 125
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INSTRUMENT CALIBRATION PROCEDURES

General

The following general procedures were followed:

1. All equipment was left in the "Power On" condition, except

tape recorders which were turned off over weekends only.

2. All instrumentation channels were calibrated prior to and im-

mediately after each dayts run. Calibration commenced at 0600 on run

days.

3. Use of voice annotations was held to a minimum to maintain

IRIG timing on the tapes.

4. On each run day, personnel were informed, prior to calibrating,

of values to set on the various channels. Variations in gain settings

were recorded on the log sheet for the particular mission.

5. All pertinent data, including unusual conditions or events,

were recorded on the appropriate data sheets.

Photocon Microphone Calibration

1. Tune Dynagage

2. Set Dynagage at attenuation of "18."

3. Set Burr Brown Amplifier at 18 dB.

4. Balance Dynagage for "zero output."

5. Install the proper adaptor on the driver unit of the model

PC-125 calibrator.

6. Check the battery condition of the PC-125 by turning the

function control to "BLt. Check." If the meter reads below the line

marked "Bat. Chg'ck," rechaint the batteries for a minimum of 12 hours.

If the meter reads above the "Bat. Check" line, proceed as follows:
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7. Set the "dB SPL" control to 120 dB, turn the function control

to "operate" and adjust the "SPL ADJ" control until the "SPL" meter

reads 0 dB,

8. Adjust Burr Brown amplifier gain to obtain a "2vPP" signal at

tape recorder input for SPL of 120 dB.

9. Alternately switch calibrator "or & off" and check balance and

gain settings. The system is now ready to make the day's calibration

and record on tape. NOTH: After system calibration is on tape, do not

retune Dynagage.

10. When flight settings arn made, leave Dynagage at "18." Add or

subtract as needed in Burr Brown amplifier. (Always stay 1 dB under

the assigned level--if the difference is an odd number.)

11. Continually check the Dynagage tuner for dc balance.

12. Do not rebalance system after the command "Recorders On" is

given.

13. Only one variable will be used to obtain the desired SPL, if

possible.

14. A 2vPP signal will be the equivalent of 120 dB SPL.

NOTE: If the tuning meter should read high throughout the entire

tuning range, it indicates that the link circuit is open. If this

happens, the transducer cable and its connectors should be inspected.

If the meter stays near the middle of the scale during tuning, a short

in the transducer cable or in the transducer itself is Indicated.

Accelerometer Calibration

I. Set accelerometer voltage at "t28 volts dc."

2. Set accelerometer amplifier voltage at "±15 volts dc."

3. Check output voltage when switch is in "amplifier" position.

4. Balance output to "'zero" with balance pot, adjust dc balance,

and check with digital voltmeter.

5. Run a current Ilnspecti(n calibr;,te on the sensitivity range

*elected 1ir the d;ay's flight, using table below as a guide:
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Accelerometer External Calibrate
Sensitivity Box

0,05 g 8 micro amps

0.1 g 16 micro amps

0.2 g 20 micro amps

0.5 g 20 micro amps

1.0 g 20 micro amps

Current Insertion Calibrating Prc~e' re:

1. Insert the phone jack of the external insertion box into front

of accelerometer control panel.

2. Record "zero" voltage on data sheet.

3. With the calibrate switch of the external calibrate box in the

"positive" position, adjust the balance pot to give the required current

level as listed in step 4 above. Record the voltage, then switch to the

"negative" calibrate position and record the voltage on your data sheet.

4. Record calibrate 0, +, and - signals on tape recorder.

Strain Gage Calibration

1. Check system for proper sensitivity range card. (Registor

Board)

2. Check output voltage (amplifier balance) when switch is in

"dummy gage- position. (Should be "zero.")

3. Check calibrate voltages on "dummy bridge" positio.

4. If calibrate voltage varies more than 20-millivolts from or-

iginal calibration, call to attention of project engineer.

5. S*Itch to "active g.ige" position and zero active bridge.

6. Check calibrate voltages with digital voltmeter. (Record on

data sheet.) Record calibrate signal on tape recorder.

Bruel and Kjaer Microphone Calibration

1. Set Burr Brown Amplifier (Model 9860) at 100 dB.
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2. Install the proper adapter on the driver unit of Model PC-125

calibrator (Photocon unit).

3. Check the battery condition of the PC-125 by turning the func-

tion control to "Bat. Check." If the meter reads below the line marked

"Bat. Check", recharge the baitteries for a minimum of 12 hours. If the

meter reads above the "Bat. Check" line, proceed as follows:

4. Set the "dB SPL' control to 100 dB, turn the function control to

"operate" and adjust the "SPL ADJ" control until the "SPL" meter reads

zero dB.

5. Verify that the two 100 dB settings produce a 1.5 volt p-p

(tl0%) reading on the oscilloscope. (Note: If scope indicates greater

than lO0%, set unit's knob to produce 1.5 volts (±10%) and then reset

knob, by means of a setscrew, to zero).

6. Verify that oscillograph deflection is approximately 0.5 in.

with the two 100 dB settings.

7. For data runs, set amplifier gain knobs in accordance with the

published schedule for each individual mission. (Normally, these set-

tings were determined by SRI and were different for each noise and each

boom mission The dial settings then become the "calibration" for

each mission. (Examples: If dials Indicate 117 dB, the 1.5 volt p-p

signal of step 5 above equals 117 dB. If dials indicate 83 dB, 1.5

p-p a 83 dB.)

High Frequency Acceletometer Calibration

1. Set oscillator to 1000 Hz (cps).

2, Plug osvillator into "oscillator" terminal on Datacraft call-

bration panel.

3. Plug ,cope into "monitor" terminal on Datacraft calibration

panel.

•1. Set selector switch on Datacrart panel to proper channel

and set toggle wiltch to "input."
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5. Adjust amplitude control on oscillator until proper mv/g

level is read on scope (400 mv/g accelerometers are being used). Cor-

rect input voltages will be assigned each day.

6. Reset toggle switch on clibration panel to "output." Adjust

gain control on that panel until output reads 2.0 volts p-p on the

scope.

7. Repeat for other channels, turning selector switch to proper

channel each time.
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WEATIWR STUDIES

ESSA conducted studies concer|ned wtith the eftects on sonic boom

propagation of waves on low-level temperature inversions and with the

influence of low-level turbulence on bioom characteristics using boom

signature measurements from the microphone arrays at E-2 (cruciform),

Site 9, and Site 5 (800•3-It linear array) (Figs. 2 and 3), anu soundings

of temperature, humidity, and wind to at least 10,000 It above the

operating altitudes of aircraft producing the test sonic booms. One

sounding release at abeut 0700 LST and a second at about 1100 LST were

calculated to provide the data needed.

ESSA also collected meteor'ological data from an instrumented, light-

weight "pop-up" tower about 85 ft in height located near the center of

the Site 9 array. Temperature, total wind vector (expressed in terms

of the three components), and fluctuations of these elements were re-

corded at 10 ft and 85 ft above ground. Data were recorded on 14-

channel tape recorders from which spectral analyses of temperature

and wind gustiness were performed over a frequency range of from 2 to

0.001 Hz. Dates and periods of operation of the tower are listed in

Table A-3-1.

In addition, an instrumented ai rcraft made concurrent meteorological

measurements in the vicinity oit any existing low-level (up to 10,000 ft

MSL) temperature inversions during the sonic boom missions. During the

early part of the test program, a C-13111 aircralt associated with the

LW-LOCAT project was used when available, while a chartered light plane

(Cessna 150) was flown as soon as suitable instrumentation became avail-

able in December. Tables A-3-2 and A-3-3 list the dates and times of

the missions flown by the C-131B and the Cessna 15(, respectively.

Figuire A-3-1 shows-, the flight track ltdloed by the latter in relation

to the general test area. The C-3:1111 data uas taken over the vicinity
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of the southeastern position of Rogers Dry Lake.

Approximately one hour prior to each sonic boom mission series,

as indicated above, the Rawinsonde Section of the Edwards Air Force

Base Weather Detachment conducted a special sounding using a modified

radiosonde attached to a balloon ascending at about 750 ft/min, %hich

provided a detailed, continuous temperature profile up to 10,000 ft MSL.

These data were used operationally to determine the heights of any tem-

perature inversions in the lower atmosphere, and in turn to specify the

maximum altitude of the aircraft measurements for each mission. Table

A-3-1 list. the dates and times of the low-level soundings taken during

the project. Following each of these soundings a normal sounding to

high altitudes was taken by Rawinsonde Section for general use by all

participants.
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Table A-3-1

ESSA METEOROLOGICAL TOWER OPERATIONS
PHASE II-EDWARDS AIR FORCE BASE

DATE PERIODS OF DATA COLLECTION (LET)

Nov. 16, 1966 0820-1230

" 17 0934-1230

" 21 " 0815-1330

"22 1030-1430

"23 0530-0630, 0836-0935

"29 0935-1015, 1245-1515

3•) 0750-1000, 1230-1330

Dec. 1 " 0800-0930, 1239-1430

"2 0830-1045

"8 0800-1320

"9 If 0845-1045

"12 0938-1130, 1439-1600

"16 " 0719-0824, 1115-1523

"19 0800-0848

"20 0845-1000, 1100-12Mi

"21 0700-1115

Jan. 4, 1967 0926-1030, 1209-1421

"f 9 1 1010-1330
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Table A-3-2

C-131B AIRCRAFT OPERATIONS

PHASE II-EDWARDS AIR FORCE BASE

DATE PERIODS OF DATA COLLECTION (LST)

Nov, 4, 1966 *0900-0920

" 28 of *0915-0935, 1315-1335

" 29 " 1058-1114

" 30 " 0915-0930

De,. I to *0915-0931, 1320-1336

" 12 of 1110-1130

" 16 " 0859-0908

* 8000 ft linear microphone array in operation
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Table A-3-4

LOG OF LOW-LEVEL, SLOW-ASCENT TEMPERATURE SOUNDINGS

TAKEN BY EAFB WEATHER DETACHMENT

PHASE II-EDWARDS AIR FORCE BASE

Nov. 4, 1966 1545, 2100 Dec. 1, 1966 1600,1945

8 1813 2 o 1830

" 9 " 1900 ? ?

"10 " 1830, 2200 6 o 1600

"14 1608, 2110 7 1830

15 1755 9 1730

"16 1810 12 1E30, 2130

"17 1650, 2207 " 13 " 1545, 2200

"18 1700, 2000 14 1545

" 21 " 1800 15 1520

22 1850 16 1400

23 1947 i 1630

"28 1600, 1805(?) " 20 1535

"29 " 1730, 2131 21 " 1600

"30 2355 Jan. 4, 1967 1630, 1845

"5 2000

"6 1715. 1950

"9 1815, 2100
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LEGAL

1. Procedures for Handlin, Damage Complaints

a. All complaints were received by the Edwards Air Force Base In-

formation Office. The Information Office maintained statistics on all

complaints received. All complaints in which damage was reported were

recorded on the complain* report furnished by the Air Force Flight Test

Center Staff Judge Advocate. Reports of damage complaints were delivered

to the Claims Officer, Air Force Flight Test Center, no later than 1500

hours each workday. Damage complaints received on weekends were delivered

to the Claims Officer at 0730 hours each Monday. Any report of personal

injury was to be reported immediately to the Claims Officer, Air Force

Flight Test Center.

b. The Claims Officer, Air Force Flight Test Center, reviewed each

complaint of damage, categorized the complaint by type, i.e., Glass,

Plaster, Glass and Plaster, Structural, Personal Injury, or Miscellaneous,

and delivered the complaint report to the designated representative of

John A. Blume and Associates by 1600 hours each day. Damage complaints

received on Monday morning were delivered to John A. Blume and Associates

by 0830 hours each Monday. The Claims Officer provided the John A. Blume

and Associates representative with a supply of Air Force Logistics Command

Forms 666 through 670.

c. The Claims Officer, Air Force Flight Test Center, sent directly

to potential claimants the necessary claim forms and instructions.

d. John A. Blume and Associates utilized qualified engineers In in-

vestigating damage complaints. All damage complaints were investigated.

e. Aii Force Logistics Command Form 666 was utilized in investiga-

ting glass, bric-a-brac, etc., damage complaints. Air Force Logistics

Command F'orm 667 was utilired In investigating plaster and structural
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damage complaints. The investigating engineer took photographs depict-

ing thet damage and provided diagrams of the damaged areas on Air Force

Logistics Command Forms 669 and 670.

f. John A. Blume and Associates recorded data pertaining to the

flight causing the damage on Air Force Logistics Command Forms 666 and

667. These data were obtained by John A. Blume and Associates from the

Data Requirements and Scheduling Section.

g. Ali complaints of personal injury were to be investigated im-

mediately by the Claims Officer, Air Force Flight Test Center.

h. All complaints of damage to animals were to be investigated

within 24 hours by the Claims Officer and a veterinarian.

2. Procedures for Handling Claims

a. A specific block of claims numbers was assigned to Edwards Air

Force Base so that claims generated by this exercise could be readily

ident if ied.

1). Upon receipt t f a claim, Air Force Form 176 was prepared and

the claim was assigned a claim number.

c. Claims resulting Iromn this program were processed through nor-

mal claims channels. The Staff Judge Advocate, Air Force Flight Test

Center. took final action tn all claims filed for $500.00 or less. The

Stalf Judge Advocate. Sacramento Air Materiel Area, took final action on

.all claims tiled tor amounts between $500.00 and $1,000.00. Headquarters,

United States Air Force, totok action on all claims filed for $1,000.0Q'

oir motre (such claims will be lorwarded through Air Force Logistics

Command).

d. All ca.wes involvlng personal injury were to be evaluated 1,½ a

medical ds,-ti, before final action was taken.

V. All c•.-o invoiving inj.urv tu animals were to be investigated

.,nd ,v.ti|tated bnt i tc tcr1n.ar•.in before I finat ition Is taken.

(, VI sirt, avri Sinatii;ed when the Clai.-:. 011licer h.d all the nec-

,-a_,trX i-nt it I,'n Srr tilt. c-a imanit and the report oit investigation



3. Procedures for Handling Appeals

a. Upon receipt of a letter from a claimant expressing dissatisfac-

tion with the decision rendered in his case, a letter was sent to the

claimant explaining his appellate rights. At the same time, he was ad-

vised that he may present any additional evidence that he would like to

have considered.

b. Should the claimant file an appeal, the Staff Judge Advocate

reconsidered his previous decision and if he felt that payment was war-

ranted, he might then reverse his previous decision. If he felt that re-

versal of his previous decision was not warranted, he transmitted the

entire file through claims channels to Headquarters, United States Air

Force.

4. Funding

Claims were paid out of Air Force funds initially. Standard Form

10341 was annotated to show that payment was made for "Claim paid during

the Edwards AFB-National Sonic Booom Eva luation Program-Reimbursable by

the Federal Aviation Agency." An extra copy of Standard Form 1034 was

prepared and after payment was made by the local finance office, the

extra copy was returned to the Office of the Staff Judge Advocate.

Every 90 days Standard Form 1080 was dispatched to the Federal Aviation

Agency and attached to that form were the supporting Standard Forms

1034 showing that payments had been made by the Department of the Air

Force.

5. Reports

a. The Staff Judge Advocate, Ai-r Force Flight Test Center, prepared

a weekly report I.- Headqiuarters, United States Air Force (AFJALD), with

information copies to Hvadquarters, Air Force Logistics Command (MCJMA)

and Sacramento Air Materiel Area (JA). The %eekly report was furnished

through January 1967. Thereafter, reports were submitted monthly.

b. The Staff Judge Advoca.z, Sacramento Air Materiel Area prepared

a weekly report to Ikadquarters, United States Air Fierce (AFJALD), with

information copesC to Headquarter-, Air Force Logistics Comtmand (MCJMA)
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and Air Force Flight Test Center (JA). The weekly report was furnished

through January 1967. Thereafter, reports were submitted monthly.

6. Liaison

a. The Claims Officer, Air Force Flight Test Center maintained

Liaison with the National Sonic Boom Evaluation Office at Edwards Air

Force Base.

b. The Claims Officer, Air Force Flight Test Center, delivered the

weekly claims report to Edwards AFB National Sonic Boom Evaluation Office,

each week during November and December 1966 and January 1967.
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PUBLIC INFORMATION

Puihlic information responsibility for the Edwards Air Force Base

Sonic Boom Test Program rested with the Director of Information,

National Sonic Boom Evaluation Office (NSBEO).

1. The initial public announcement of tests and any subsequent

public information releases were only made in coordination with that

office.

2. Proposed public information releases from any of the several

cooperating agencies were coordinated with the Director of Information,

National Sonic Boom Evaluation Office, prior to release.

3. During operations at Edwards Air Force Base, the senior repre-

sentative of NSBEO made policy determinations of public information

activity at Edwards Air Force Base and responded to news media queries

in coordination with the Office of Information, Air Force Flight Test

Center, Edwards Air Force Base, California.

4. In the event an NSBEO representative was not available at
Edwards Air Force Base, public information questions not answerable

within the text of previously released information were referred to the

Director of Information, AFRSTS, in Washingten, D.C. (A/C 202, Oxford

59664 or Oxford 59665).

SBest Available Copy
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Annex B

PSYCHOLOGICAL EXPERIMENTS ON SONIC BOOMS

I INTRODUCTION

Most of the energy in the typical sonic boom as measured outdoors

is in the low-frequency region, giving the boom an audible "thud" char-

acteristic; in addition, there are briefly present significant amounts

of energy at the higher frequencies due to the abruptness with which the

the wavefront goes from ambient to peak positive pressure and returns to

ambient pressure from peak negative pressure. This portion of the boom

where the pressure is rapidly changing in intensity gives the boom a

sharp audible "crack." For a given change in pressure, the more quickly

(rise time) this pressure change takes place, the greater the amount of

high-frequency energy and the greater the subjective sharpness of the

"crack." If there is sufficient temporal separation between the begin-

ning and end portions (the duration) of the sonic boom and if each of

the two portions is of a sufficient intensity, the listener will hear

two cracks rather than the one crack due to the initial portion of the

wavefront.

The way in which the human auditory system perceives impulse sounds

such as the sonic boom has been and is being studied under laboratory con- -

ditions at the University of Southhampton in Great Britain and at the

Lockheed-California Company in the U.S.A. It has been found in these
26*

studies that subjective intensity (loudness or perceived noisiness) of

a simulated outdoor sonic boom pressure signature is to a first approxi-

mation determined by the frequency spectrum of the energy in the booms

and can therefore be calculated or predicted from knowledge of this spec-

trum.

Although the effects of the sonic boom upon people outdoors are of

considerable Interest, the fact remains that people indoors object as

*References are listed at end of Annex.
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much if not more to the effects of environmental noise, even though the

noise itself is generated outdoors and even though the house or building

structure attenuates and reduces somewhat the intensity of the sound.

This is usually attributed to the fact that people indoors demand and

have a greater need for protection against noise because their indoor

activities differ from their outdoor activities and perhaps because they

spend more time indoors.

In the case of the sonic boom it is possible that the sonic boom and

the house will interact in such a way that the interference effects on

humans are augmented more than are other externally generated sounds, the

reason being that components of the house structure are driven beyond

their usual response and make the house "rattle," "creak," etc. In any

event, it seems likely that the effects of sonic booms on people indoors

will strongly determine human acceptability of the sonic booms.

Research has been conducted previously on this question and other

related questions regarding the subjective response of people to noise

using the so-called paired-comparison psychological tests in which lis-

teners are asked to express their preference for one of two sounds pre-

sented within a brief pcriod of time.13 6t 7 ' 8 '10'4tl6-18202S By

means of the paired-comparison tests, one should be able to determine

the relative effectiveness upon human response of sonic booms that differ

with respect to their duration, rise time, or other signature variations.

Such information could serve as design criteria for the development of

supersonic aircraft that generate sonic booms that are the most accept-

able to people located under or near their flight tracks.

Of more practical importance than knowing the relative acceptability

to people of different types of sonic booms is the question of how accept-

able these sonic booms will be to pecple when the booms are judged in terms

of their ac, ýptability under everyday living conditions and as a part of

commercial aviation. Paired-comparison tests can also serve as a means

of indirectly determining how people might accept and what they might do

about sonic booms of various sorts when heard in their homes and when the

B-In Best Available Copy



booms were generated by commercial supersonic aircraft, This can be done

by having one of the sounds in the pair be a sonic boom and the other be

a sound from commercial aircraft for which we know the negative and posi-

tive values people hold in terms of political, legal, and social behavior.

It is, of course, to be understood that the paired-comparison tests,

particularly involving two sounds that dilfer, require some validation

before they can be accepted with confidence. Fortunately, in the present

case this has been done to some extent for the sonic boom (studies at

Oklahoma City4 and France U), and particularly for the noise from commer-

cial aircraft near busy metropolitan airports.
9 ,12,1 6

The precision with which the relations between the physical and

psychological effects of sonic booms and between sonic booms and the

noise from subsonic aircraft can be determined is limited by the avail-

ability and characteristics of supersonic aircraft for generating the re-

quired sonic booms or of equipment whereby different types of sonic booms

under laboratory conditions could be simulated. At the time the psycho-

logical experiments to be reported were planned, simulators that could

generate sonic booms with complete fidelity were not available, although,

as aforementioned, some tests have been conducted in the laboratory with

simulations of both indoor and outdoor sonic booms.

With this background of information, the following series of experi-

ments using military supersonic and subsonic jet aircraft were planned

for prosecution at Edwards Air Force Base:

1. Paired-comparison tests and absolute ratings of the relative

acceptability of sonic booms with the flyover noise from su-

sonic jet aircraft, the subjects being placed both indoors

and outdoors during the tests

2. Paired-comparison tests and absolute ratings o1 the relative

acceptability of sonic booms from one type of supersonic air-

craft to sonic booms from a second type, and of sonic booms

from the same type of aircraft but flown under different

operational condit ions

B-11



3. An attitude survey oi the acceptability'or the sonic booms

to residents in a military community habitually exposed to

Sonic booms.

II PROCEDURES FOR PSYCHOLOGICAL TESTS

Subjects selected from residents oi the communities of Edwards Air

Force Base, Fontana, and Redlands, California, were assigned to the
.

various indoor and outdoor test sites at Edwards Air Force Base (see

Table 1). The instruction sheets and answer sheets were discussed with

the subjects by the test monitors. One monitor was provided for about

2o -att••jects in each test room or area.

The aircraft sounds were presented in pairs with approximately one

to two minutes between the members of each pair and a minimum of approxi-

mately four to five minutes between pairs. Each experimental test con-

dition was repeated four times, twice with sound A of the pair given

first in the sequence, and twice with sound B of the pair given first.

The schedule of test missions and conditions for all the paired-comparison

tests is given in Appendix A.

The subjects' main task was to indicate on an answer sheet which

sound of each pair was the more acceptable if heard in or near their

homes. They also were required to rate on a 13-point scale the accept-

ability of each of the sonic booms or sounds heard on certain days. A

set of the instructions to the subjects and the answer sheet are in Ap-

pendix B.

Approximately one minute befori the first sound of each pair, the

subjects were advised that a sound would soon occur. The subjects were

allohed to chat among themselves, knit, read. etc.. but were admonished

not to discu.s their answers nor were they permitted to engage in loud

contersation tduring the presentation of a pair o1 sounds. The subjects

*The test houss at Edwards designated as "'E-l, " and "E-2" were centrally

.tar-condattoned and, ,"xcept tor one of the rooms, the door of which was

kept Closed. th- windmus and exterior doors out the house were closed dur-

ing all the tst.,. The masonry "block house" used for some of the tests

,J n:ot a'itr-cr•mdit toned. hut tuen winduws aid ttoors were kept closed.
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Table 1

BIOGRAPHICAL DATA FOR THREE GROUPS:

EDWARDS, FONTANA, REDLANDS

Edwards Fontana Redlands

Sex and Marital Status

Single Male 1% 4% 12%

Married Male 12% 21% 28%

Total Male 13% 25% 40%

Single Female 3% 4% 7%

Married Female 84% 71% 53%

Total Female 87% 75% 60%

Male Occupations

Air Force 79% 4% 0%

Retired 16% 25% 46%

Other 5% 71% 54%

Female Occupations

Housewife 94% 92% 75%

Retired 1% 0% 11%

Other 5% 8% 14%

Average Age (years)

Male 36.9 44.0 50.8

Female 33.7 38.7 49.2

Total 34.2 40.0 49.8

Education (Ave. yrs. Completed)

Male 12.3 13.1 13.2

Female 11.8 11.9 13.1

Total 11.8 12.2 13.1

Total Biography Cards 142 98 153
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wure paid $1.50 per hour and appeared to be highly motivated and inter-

ested In the tests. The test results indicate that the subjects were at-

tentive end reliable.

In addition to the test subjects, data were obtained from 50 percent

of the residences at Edwards Air Force Base regarding their raiings or

attitudes on a scale of the "acceptability" of sonic booms, the noise from

subsonic aircraft, and street noise at and in their homes. This informa-

tion was obtained by means of a mail survey conducted after the sonic boom

test program was completed. The instructions and questionnaire used for

the attitude survey are in Appendix C.

III RESULTS

A. Boom vs. Subsonic Noise

Figure 1 shows a plot of typical reaults obtained from the judgment

tests. The intensity level at which 50 percent of the subjects rated one

of the sounds in Fig. 1 (the noise from the KC-135 subsonic jet aircraft)

equal in acceptability to the other sound in Fig. 1 (the sonic boom from

the B-58 at a nominal peak overpressure of either 1.69 or 2.65 psf) was

taken as the point at which the sounds are equally acceptable to the sub-

jects. Table 2 gives the intensity, in PNdB, required for the noise from

the subsonic jet aircraft to be judged equal in acceptability to the sonic

booms; the data in Table 2 are taken from the graphs in Figs. 1, 2, 3, 4,

and 5. Figure 5(a) Is derived from Fig. 5 (see subsection 1).

The vertical lines drawn through each data point on Figures 1

through S represent th 90 percent probability ranges for the data

points; the ranges are based on the number of subjects involved and the

percentage value of each point. The plotted points represent the aver-

age percent of the subjects who preferred the boom on each of two boom

vs. noise and two noise vs. boom pairs.

It is to be noticed that some of the data points obtained with the

Fontans and Redlands subject- and with the XB-70 tests with Edwards

subjects were such that for three conditions (Fontana subjects listening

indoors, Redlands subjects listening outdoors, and Edwards subjects

5-14
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listening outdoors to XB-70 tests) it was necessary to extrapolate a

curve beyond a data point for the curve to cross the 50-percent line from

t.e ordinate.

In the case of the Fontana subjects, the reason lor this problem was

that the intensity levels of the noises to be judged against the sonic

boom from the B-58 were planned on the basis of some of the results ob-

tained with the Edwards subjects. As it turned out, the Fontana subjects

lound the boom so much more unacceptable, relative to the aircraft noise,

than had the Edwards subjects that the data points for the indoor lis-

teners were somewhat lower than desired. Until all the physical data are

available for the sonic booms, it is not possible to deduce whether the

irregularity of the data for the Redlands outdoor listeners is due to

inconsistencies in the subjects for some of the tests or due to devi-

ations of booms fron planned, nominal intensities.

The number of flights available from the XB-70 aircraft and the fre-

quency with which the aircraft could be operated (about one flight per

week) made it impractical to perform as many tests with the XB-70 as with

the B-58 and F-104 2ircraft. Accordingly, the XR-70 was operated to pro-

vide four booms at an intensity (nominal 1.36 psf) that was estimated, on

the basis of the other judgment tests, to be about as equally acceptable

when heard indoors as the noice from the subsonic aircraft at about

110 PNdB. The extrapolation required of the data for the outdoor lis-

teners was based on the general shape of the curves drawn in Figs, 1-5.

By this means it was possible to obtain comparative results of the accept-

ability, relative to the noise from the subsonic aircraftof the booms from

the F-101, B-58. and XB-70 with a minimum number of flightc required of

the XB-70 aircraft. To achieve this nominal boom intensity from the XB-70,

It was necessary that its flight track be offset Irom the normal trick by

13 miles.

*POdB is a unit for expressing the perceived noise level of a sound. l519

It an standard practice to measure the Jowhd from subsonic aircraft In
terms of perceived noise level in P1dB. "l' PIidis are determined from
octave or one-third octave band sound pressure levels made of a noise.
In this report the Pd'li values are the peak levels reached by the noise
%hen the aircraft flie over the test site.
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The nominal peak overpressures were calculated by NASA. The PNdB

values for the noise from the subsonic aircraft were determined from spec-

tral analyses of recordings made outdoors at the test site. Figure 6 gives

the measured PNdB levIs as a function of alt-itude for a number of flights

of the subsonic aircraft. Additional analysis and calculations will be

performed on the noise from the subsonic aircraft for purposes of cor-

relation with the results of the judgment tests. It is to be noted, how-

ever, that the noise from a given subsohiii iircraft flying at a given

altitude and power setting d3es not show as much variation for repeated

flights (a median deviation of less than 1.0 dB) as do the booms from re-

peated flights oe a given supersonic aircraft flying at a given altitude,

Mach, and weight (a median deviation of about 1.5 dB).

1. Relative Acceptability of Booms of Different Intensities

Figuare I and Table 2 indicate that for indoor listening the noise

from a subsonic aircraft (KC-135) at a level of 109 PNdB was about equally

preferred to a sonic boom of a nominal 1.69 psI from a B-58. The results

were about the same when the subsonic aircraft was operated with partial

takeoff or landing engine power settings. It is interesting to note that

for indoor listening when the nominal sonic boom overpressure was increased

*The theory used herein for the calculation of the nominal peak overpres-

sures takes into account, relative to the generation and propagation of
sonic booms, the volume and lift components oi the aircraft, temperature,
pressure, and density changes in 4he atmosphere which have some influ-
ence on boom propagation along the boom path, and effects of near-field
signature characteristics. The theory used herein is the one used, by
and large, by the National Aeronautics and Space Administration (NASA)
in calculating sonic booms given in most NASA reports subsequent to
July 1966. In some previous progress reports on sonic boom research by
Stanford Research Institute, and SST Design Objectives of the Federal
Aviation Agency, the effects of temperature and some pressure changes
(important only to supersonic flights below, usually, 35,000 ft or so)
were not included in the calculation of nominal peak overpressures. The
net effect is that for sonic tbooms from supersonic aircraft above 35,000 ft
or so, the nominal peak overpressures, according to latest theory (which
agree best with actual measured peak overpressures) are about 12% higher
than was previously predicted; with aircraft beloe about 35.000 ft (at
least as found with the F-104), h.ne new predicted overpressures are about
20% less (which also agrees best with actual measured overpressures) than
those found with calculation procedures used previously for this purpose.
These observations are based on the results of the tests conducted at
Oklahoma City and Edwards Air Force Base (personal communication with
Dominic Maglierl, .ASA, Langley Field, Hampton. Virginia).
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lo 2.65 psf, the PNdIB level of th. noise from the KC-135 had to be ap-

proximately 117 PMdB to be judged as equall) acceptable as the boom. This

result would perhaps not be expected inasmuch as increasing the overpres-

sure from 1.69 to 2.65 psi represents only a .1-dB increase in physical

intensity, whereas, as judged against the noise from the KC-135. there

appeared to be an effective increase in subjective noisiness o1 about

8 PNdB. Likewise, for indoor listening an overall increase of about 12 dB

in the physical intensity of the boom from the F-104 (from 0.75 psf to

2.8 psf) required an increase of 19 PNdB in the aircraft noise to maintain

equal acceptability of the two sounds.

These results would imply that the subjective objectionableness or

noisiness of a sonic boom increases at a greater rate than does the noisi-

ness of the sound from a subsonic jet aircra"t when +he intensity of the

two sounds is increased by an equal amount. Broadbent and Robinson,7

using a magiietic tape recording (played back via loudspeako'rs) made in-

side a structure overflown by a supersonic aircraft, found a somewhat

similar but less dramatic difference between the growth (as a function

of their intensities) of the unacceptability of sonic booms and aircraft

noise.

2. Indoor vs. Outdoor Listening - Relative Judgments

It is clear that the boom heard outdoors is more acceptable relative

to the noise of the subsonic jet aircraft (by an amount equivalent to

about 5 PNdB) than when the two sounds are heard indoors. That the re-

suits between the relative judgments indoors and outdoors should be even

this similar is perhaps fortuitous in that the nature of the two sounds

is so different outdoors and because the sounds, due to attenuation by

the house and vibrations present indoors, further differ from their out-

door counterparts. Apparently, however, the secondary sounds or "rattles"

introduced by the nonlinear response of components of the house to the

boom contribute substantially to the subjoctive unacceptability of the

boom heard indoors. In a later report, when the physical data are more

fully analyzed. the exact physical stimulus present at the listeners'
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tIars will be correlated with the subject ivc rating data.

It might be noted that in a previous laboratory test by Pearsons and
23

Kryter of the relative acceptability of recorded subsonic aircraft noise

and a simulated "indoor" boom, a boom which measured 1.69 psf outdoors was

judged to be equal to the noise of a subsonic jet at 113 PNd3 measured

outdoors. Broadbent and Robinson, using, as aforementioned, a sonic boom

and aircraft noise recorded indoors and played back over loudspeakers to

listeners, found a 1.69 psf boom to be judged as equally acceptable as

an aircraft noise of about 107 to 113 PNdB. These results, we believe,

compare well with 109-112 P1dB noise and nominal 1.69 psf booms found in

the present study with actual aircraft to be equal subjectively when

heard indoors.

3. Indoor vs. Outdoor Listening - Rating Scale

The scores on the acceptability rating scales (see Table 3) demon-

strate that the booms heard indoors were on the average slightly more

acceptable than the same booms as heard by the subjects outdoors--about

31 percent of the indoor subjects rated the booms as unacceptable when

about 47 percent of the outdoor subjects rated the same booms as unac-

ceptable. The noise of the subsonic jet was also rated more acceptable

indoors than it was when heard outdoors, but by a slightly larger amount--

41 percent vs. 23 percent. Inasmuch as the house structure should at--

tenuate the aircraft noise by an average of 15 to 20 dB and the sonic

boom by 5 to 10 dB or so (the major energy in the boom is at lower fre-

quencies where the attenuation of the sound by the house is less than it

is for the frequency region occupied by the aircraft noise), it might be

expected on first thought that the booms and noise would be much more

acceptable indOOrs than-outdoors.

The relatively small improvement in the acceptability of the booms,

by vtrtue of the listeners being indoors and therefore somewhat sheltered

from the noise., has been found to be true in previous studies of road

traffic and aircraft noise.3'6'
9 '22
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4. Comparisons Among Subjects from Different Communities

Table 2 shows that the subjects from Redlands and Fontana judged

the sonic boom from the 9-58 relative to the subsonic aircraft noise in

much the same way--a noise of 118-119 P~dB was Judged equal to the boom

at 1.69 psf when heard Indoors and to 108-1,1 I'dB when hi-ard outdoors.

Thus to it, --e -ubtjeets the boom wa-; much less acceptable than it was to

the subjects from Edwards Air Force Base--equiva lent to a 10 P14dB change

in the noise f rom the subsonic aircraft when beard indoors and about

5 P14dB when heard outdoors. The difference between the judgments of the

subjet.ts from Edwards Air force Base and those from the relatively "quiet"

cinunities of Fontana and Redlands is illustrated by the extrapolated

curves in Fig. 7. Also, Table 3(a) shows that On the average the sub-

jects from Fontana and Redlands. combined, rated on the acceptability

scale the aircraft noise anit particularly the -,onio booms as being more

unacceptable than did the subjects from Eet.rds Air Force Base for com-

parable booms and noises.

An aircraft noise survey showed *hit the median peak level of air-

traft noise in typical residential neighbothouds &in Redlands was about

75 P14'dB (maximum Peak level of about 95 P.4dB), and In Fontana about 85 Mildi

(maximum peak level at about 1010 P.4dB), also, these communities were not

under or near usual flight tracks for supersonic military airr-aft in-

valved in training or test missiuns.

An aircraft noise survey of the resitdentlal area of Sdwasrds Air

Force flase revealed that subsonic aircraft noise reached occasional peak

levels of 110 P14dB. this tarea. however, was subjected to about 4-0 booms

per dav for the past three years at a median weulnal peak overpressure

of 1.2 pst (seec Table 4 and fig. 5). The Nuh-r.'ct had lived on Edwards

Air Fore* Base an aterige of two years.

It Is to be noted on Table I that the %uditrt tru fto Sdlands and

Fontana were, an the average. soumeshat older than tho-c f rom Idwardst Air

Force have. AN a check on the- lapartante of Age to the relative lodgment

of the sonic boom vs. lhe aircraft noise, the date aere disided far file

Rtedlands *ublects into two pors--thos-e for the stubjecrts above the ardian

age. Andl thn~ for the xublects, below the median age.ý ft Swa fOund that
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Table 4

USE OF EDWARDS AIR FORCE BASE SUPERSONIC CORRIDOR
Number of Sonic Booms

1963-1966

!Nnvw 1963 1964 1965 1966

January --- 161 126 193

February 4 110 102 165

March 11 140 97 287

April 106 162 48 L57

May 190 104 109 107

June 139 137 86 289

July 179 82 107

August 142 58 78

September 149 54 203

October 125 60 176

November 108 65 41

December 143 56 143

Total: 1296 1189 1316 1298

Daily Avera: 3.9 3.3 3.6 7.2
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tile results lcr tlese twu subgroups of subjects agreed within I PNdB of

the findings for the total group (see Table 5). Table 6 shows that age

and sex were not consistently related to the acceptability rating scores

given to sonic booms and the noise from subsonic aircraft.

It is presumed that the lesser acceptability of sonic booms to tile
subjects from Fontana and Redlands than to the subjects from Edwards Air

Force Base may be due to the "adaptation" to the sonic booms enjoyed by

the Edwards subjects as the result of an average of two year's previous

exposure to sonic booms. It was also found, as will be described more

fully later, that the residents of Edwards Air Force Base, in reply to

an attitude survey, in general believed that their exposure to sonic booms

at Edwards made them more tolerant of the boom.

B. Sonic Booms vs. Sonic Booms

A number of tests were conducted in which the subjects judged the

relative acceptability of sonic booms from different supersonic aircraft

or from the same type of supersonic aircraft flying in accordance with

different or the same operational procedures. The results of these tests

are given in Fig. 9 and 9(a). These tests do not show any consistent

differences in the acceptability of one type of sonic boom vs. another

type of those tested.

Of particular interest is the rate at which the percent preference

score changed as a function of a change in peak overpressure. Figures 9

and 9(a) show that a change of 1.5 dB (aboit 0.25 psi at a boom intensity

of 1.69 psi for people itzdoors and 1.0 dB for people outdoors) can cause

an increase of about 12.5 percentage points in the number of people who

judge the more intense boom to be less acceptable. This finding indicates

that the subjective unacceptability of the sonic boom increases at a rel-

atively rapid rate as its intensity level is increased, and at a somewhat

more rapid rate for listeners outdoors compared with listeners indoors.

It was noted before that the rate of growth of unacceptability of the

sonic boom appears to be greater than is the growth of unacceptability of

the noise from subsonic aircraft (a 6-dB increase in the intensity of the

sonic boom was found to be equivalent to a lO-PNdB increase in the level

of a noise from a subsonic aircraft of equal acceptability).
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Table 5

PERCENTAGE OF REDIANDS SUBJECTS (INDOOR LISTENERS) WHO PREFER
BOOM (B-58 OF 1.69 PSF NOMINAL PEAK OVERPRESSURE)

Age Greater than or

Peak Age Less than 50 Yrs. Equal to 50 Years

PNdB of WC-135B (Median 38 Years) (Median 65 Years)

103 9% 26%

11 17 27

120 58 53

11 50 --

119 -- 50
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C. Ratings of Sonic Booms

Comparisons can be made between the sonic booms from the F-l04, B-S8,

and XB-70 aircraft on the basis of the scores obtained on the absolute

rating scale. Figure 10 shows the results obtained from the ratings given

to sonic booms of different nominal peak overpressures from the various

aircraft when the particular booms occurred first in a pair for a given

mission. (It was necessary to use only the results from the given posi-

tion in a pair in order to avoid any biases due to the order in which the

sounds were presented to the subjects.) On this measure the difference

in the unacceptability of the booms from the various aircraft is rather

small, if at all present. However, Figures 10 and 10(a) show that the

sonic boom, when heard indoors, was somewhat more acceptable than it was

when heard outdoors.

D. Subsonic Noise vs. Subsonic Noise

The KC-135 aircraft is powered by nennoise-suppressed turbojet

engines. whereas modern-day commercial jet transports are equipped with

either noise-suppressed turbojet or fanjet engines. Inasmuch as one of

the purposes of the tests was to be able to relate the acceptability of

sonic booms to the noise heard in communities near commercial airports,

a series of tests were conducted in which the subjects judged the noise

of a KC-135 to the noise from a WC-1358 aircraft, the latter being equip-

ped with fanjet engines. The results are shown in Fig. It. These figures

illustrate the PNdB values and approximate altitudes required for the

WC-135B when operated at either partial takeoff or labding power setting

to be judged equally as acceptable as the noise from a KC-135 operated

either at partial takeoff power and an altitude of 2000 feet, or at lend-

ing power and an altitude of B00 feet. It is of interest to note that.

at least for indoor listening when the WC-1358 fanjet had the same P74dB

value measured outdoors as the noise from the KC-135, the two noises were

judged to be equally acceptable or equally noisy,

The noises true the flights of the KC-135 at takeoff power that were

paired with 'hr noises from the WC-1358 at landing power averaged 113.0

P.%dB. whereas those paired wlth the WC-135B at takeoff power averaged
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111.5 PNdII. This difterence between the average PNdB values for the

KC-135 was probably due t) variat ions in power or alt tude for the par-

ticular flights involved. For the flights of the KC-135 operating with

landing power, the perceived noise level of the KC-135 averaged 108.5 PNdB

when paired with the WC-135B operating with partial takeoff power and

also when paired -Lth the WC-133B operating with landing power.

The outdoor listeners consistently judged the lanjet WC-133B oper-

ating at landing power (EPN 1.3) to be about 4 PNdB less acceptable than

the WC-135B operating at partial takeoff power (EPS 1.76). One possible

explanation is that the increase in the pure-tune whine then the power

setting is reduced from takeoll to landing perhaps caused an increase in

the subjective noisiness of the sound of the landing power condition that

is not adequately evaluated by the PNdB as calculated.

It is also of interest to note the rate of change of the unaccept-

ability of the noise from the subsoiric aircraft as a function of its

intensity in PNdB as revealed through the judgments made of aircraft

noise vs. aircraft noise. Yxgare II shows thv't about a 2-dB increase in

level near the 50-percent point causes an increase of about 12.5 percent-

age points in the number of people who rate the more intense noise as being

more unacceptable, whereas, as mentioned above, a l-dB increase in in-

tensity of a sonic boom wilt caus.e an increase of about 12.5-percentage

points in the numbexr of people w|o rate the more intense boom as being

more unacceptable.

S. Criterion of S igtitic ant Difference between Boim and Noise

Conditions

It is perhaps t.ot unreasonable to suggest that a difference of 12.5

percentage point% (iron, Vtr' to 62.SS) in the number of people who rate

one boom to be relattiely more unacceptable than another boom or one

subsonic aircraft noise to be relatitvely more unacceptable than another

noise is of practical significance. ising this criterion it follows

from Figs. I through a taut uot the aterage two noises that differ by

about I 1 •dB whtnt hsard indoors. 2 P.Ndl outdoors. would be significantly

different wh-gI 1 t4111:4-11 alin'-t t --ontz boom of .i nominal peak overpressure

o! ab.)It 1.69tt p-I8.



The curves on Fig. 5 are replotted on Fig. 5(a) to ,.how the relation

between percent of people who preferred the noise at a given intensity as

a function of the intensity of the sonic boom. It is seen in Fig, 5(a)

that on the average an increase of about 2 dB when heard indoors and 1 dB

when heard outdoors in boom intensity would cause a change from 50% to

62.5% of the people who preferred the aircraft noise.

These results--a significant difference when booms were judged against

aircraft noise for indoor listening was found with a 4 P71dB change in air-

craft noise or a 2 dB change in boom intensity--follow, of course, from the

aforementioned greater growth of unacceptability ratings of booms than of

aircraft noise as a function of their intensity. However, it is seen in

Figs. 9 and 11 that the subjects indoors judged aircraft noise vs. air-

craft noise and booms vs. booms as being significantly different, accord-

ing to the criterion specifird above, when they differed in intensity by

2 PNdB and I dB, respectively. This increased precision in the relative

judgments when the subjects judged aircraft noise vs. aircraft noise and

booms vs. booms rather than aircraft noise vs. booms is to be expected

from the fact that the accuracy and consistency of the relative judgments

of some subjective attribute of two sounds are greater when the two sounds

are similar than when they are dissimilar.17

Because of the nature of the paired-comparison test and the rather

small number of repetitions of each test condition, probability statistics,

other than those shown in Figs. 1 through 5, cannot be readily applied to

the data at hWnd. However, In Appendix B-4 an analysis is made of the

variability present in these tests.

F. Differences in Responses of Subjects in Different Test Rooms on

Vibration Isolation Pads

Comparisons between the average subjective ratings made by lis-

teners outdoors, in different houses, and in different rooms of the one-

story and two-story "midwest" test houses, can be wde by reference to

Table 3. In Table 3 the percentage is given of the people in the respec-

tive groups who rated the booms and the noise from subsonic aircraft as

being unacceptable (less than "just acceptable").
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Figures 12 and 13 show histogram distributions of ratings assigned

by subjects in the various test locations for B-58 booms having a nominal

overpressure of 1.69 psf and 2.65 psf, respectively.

Table 3 shows that there were no clear-cut differences among the

averages for the Edwards Air Force Base house built of cement block, the

two special frame houses, and for the listener group located out of doors.

However, it would appear from Table 3 that either the subjects or the

acoustic-vibration stimulation differed significantly among some of the

individual rooms in houses "E-l" (the one-story frame house) and "E-2"

(the two-story frame house). It is possible, of course, that the

subgroups, by room, of the subjects differed significantly in their

sensitivity to noise and sonic booms. In view of the relative unimpor-

tance of this possibility to the overall results and of the need for the

most efficient use of the aircraft and test facilities to meet the ob-

jective of the experiments, it was not deemed advisable to "rotate"

systematically all the subjects among the various test rooms to find out

if the subgroups of subjects would respond similarly when in exactly

similar noise-vibration environments.

Examination of the data in Table 3 reveals that the subjects in some

rooms rated the boom and the noise from the subsonic aircraft as being

less acceptable than-did the subjects in other rooms. Some rooms that

achieved, on the average, the worst ratings for booms were not necessarily

the rooms in which the subjects gave the worst ratings to the noise from

subsonic aircraft. Although the subjects were randomly assigned to the

chair lotxations at the beginning of the tests, they kept, except for cer-

tain special tests, the- same position throughout the tests. Accordingly,

It is possible that some uf the difference between ratings among the

different groups ot subjects by their location could be due to inherent

diiterences tn the sensitivity of the two groups to sounds.

As a check on this possibility, subjects from one of the rooms that

on the average gave the least acceptable ratings and subjects from one

of the rooms that gave the most acceptable ratings exchanged their locs-

t ions for a series ot l16 fi.issLons. The results given in Fig. 14 indicate
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Average 117.5 PNdB 122 PNdB 4.5 PNdB

FIG. 14 RESULTS OF PAIRED-COMPARISQN JUDGMENTS SHOWING HOW JUDGMENTS
CHANGED FOR THE SAME SUBJECTS WHEN MOVED TO DIFFERENT ROOMS
Data are Peak PNdB levels of subsonic aircraft noise judged to be as acceptable as
B-58 boom of 2.33 pif nominal peak overpressure. Listeners from Edwards AF Base.
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that at least some of the differences among the ratings given in the test

rooms were indeed due to room and not subject differences.

Then all the physical data are available, it is planned to correlate

the average subject responses obtained with the acoustical-vibrational

environment as determined from the various microphones and gauges present

in the test structures. Positive correlation, if found, would presum-

ably indicate that the differences in the physical enviromment are re-

sponsible for the measured differences in the subjective responses pre-

sent in the different rooms.

From a practical point of view, it is the ratings taken over all

types of houses and listening conditions that are important in evalu-

ating the reaction of people in homes to sonic booms and to the noise

from subsonic aircraft. It is to be expected in real life that not only

will people end given rooms in houses differ in their responses to sonic

booms and noise from subsonic aircraft, but also that the interaction

between these sounds and given rooms or structures will differ, depending

on the angle of incidence of the sounds with the structure.

1. Vibration Isolation

For one series of 16 missions about half the subjects in houses E-1

and E-2 and about half the subjects outdoors sat on chairs placed on a

piece of plywood that was isolated from the ground or the floor by an

air-inflated pad 1-12 inches in diameter (the floors were carpeted in

all rooms but the kitchen, where the flooring was covered with vinyl

tile). Each subject sat on a vibration-isolated chair during half the

tests, and on a normal, nonvibration-isolated chair during the other

half.

Figure 15 shows that the vibration isolation had no significant ef-

fects on the ratings given to the booms or the aircraft noise, although

there is a slight statistically insignificant improvement in the accept-

ability of the boom when the subjects were indoors and on the vibration-

isolation pads. This finding is perhaps somewhat unexpected because in

many locations within the house the subjects and the experimenter could

"feel" the floor shake when the house was subjected to sonic booms; at
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100
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FIG. 15 RESULTS OF PAIRED-COMPARISON JUDGMENTS SHOWING INSIGNIFICANT
ISOLATION EFFECTS. Data ore Peak PNdB levels of subsonic aircraft noise judged to be
as acceptable as B-58 boom of 2.33 pif nominal peak overpressure.
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the same time, however, they could hear the sounds made in the house as

the result of its being vibrated by the boom. It would appear that the

auditory component was nearly as or perhaps slightly more effective

than the actual vibrations as fell by the subjects in determining their

response to the sonic booms and noise from the subsonic aircraft.

2. House Loading

When all the subjects (62) were in place, more than the normal

number of persons (three to six) were present in the test houses. To

test whether the weight of 62 people so loaded the structures that the

houses did not respond t3 the booms in a normal manner, one series of

tests was run with only 16 subjects in each test house. The results were

essentially the same for comparable boom and noise exposures when 16 sub-

jects or when 32 subjects were in the house.

G. Vil Survey Ratings of Sonic Booms, Aircraft Noise, and Street
Noise by Residents of Edwards Air Force Base

Residents of Edwards Air Force Base were asked on 1 July 1966 to

rate several noise conditions present in or around their homes on a scale

similar to that used by the tcst subjects: (1) during the month of June

when the special sonic boom tests were being conducted and (2) for the

months prior to June. It is estimated that the average daily number of

sonic booms at Edwards during the month of June 1966 was about ten (the

residents estimated six). It is seen in Table 7 that 26 percent of the

people who answered the mail survey felt that the sonic boom environment

at Edwards during the month ol June was unacceptabie.

Street noise and the noise of subsonic aircraft would appear to be

no significant problem to the residents at Edwards Air Force Base. It

should be burne in mind that although occasionally the noise of low-flying

subsonic aircraft reaches the residential area at Edwards, the normal

tnkeoff and approach pathi to the runways avoid the residential area and

the flight path of the subsonic aireralt u.svd in the sonic boom evalu-

ation tests did not pass over the residential area. Figure 16 shows dis-

tributionb for the rat ing:s of dllferent environmental noises by a sample

of the res.adcnts of Edwards Air Force base.
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Figure 17 depicts the acceptability ratings of environmental noises

made by residents of Edwards Air Force Base as a function of their age

and years of residence at Edwards. It would appear from this figure that,

particularly with respect to sonic booms, the older the person and the

longer he or she had lived there, the more acceptable were the noises.

Age and years of residence are obviously not independent of each other,

and an analysis of the data by years of residence, keeping age constant,

showed no consistent influence of age upon the ratings of sonic booms.

(See Table 7.) No significant difference was found between the results

of paired-comparison tests for different age groups of subjects. (See

Tables 5 and 6.)

The respondents rated the sonic boom as the least acceptable noise

condition at Edwards as follows:

Least Acceptable Condition No. Replies Percent

Sonic Boom 553 71

Street Noise 135 17

Airplane Noise 90 12

These data obviously substantiate the displacement between the curves for

these various noise conditions shown in Fig. 17.

Some adaptation, as mentioned above, to the sonic booms is evident

from data given in Fig. 17. This is further demonstrated by the answers

(tabulated below) to the question, "Do you think living at Edwards Air

Force Base and being regularly exposed to sonic booms in your homes up

to I June 1966 has tended to make sonic booms when heard in your home

to be:"

Living at Edwards Made Boom: No. Replies Percent

More acceptable 456 60

No change 246 33

Less acceptable 53 7

At the some time it should be noted, as shown in Table 7, that about

1.1 percent of the people who replied to the mail questionnaire rated in
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retrospect thy. sonic boom conditions prior to the month of June as being

unacceptable, compared to 26 percent who rated the booms heard during

June as being unacceptable. Part of the explanation for this difference

undoubtedly was due to the difference in boom exposures during this per-

iod (see Table 4). The average nominal peak overpressure of sonic booms

during a typical operational month prior to June 1966 in the residential

area of Edwards is about 1.2 psf and the average frequency about 4-8 per

day. During the month of June, however, about 289 booms were created,

giving a daily average of about ten and a median nominal peak overpressure

of about 1.69 psi.
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IV SU&T$IRY OF FINDINGS

To date the major findings from analysis of the results obtained

for the subjects and listening conditions involved in these experiments

are as follows:

I. Sonic Boom from B-58 Judged against Noise from Subsonic Aircraft

(a) When indoors, subjects from Edwards Air Force Base

judged booms from the B-58 at 1.69 psf nominal peak

overpressure outdoors to be as acceptable as the noise

from a subsonic jet at an intensity of 109 PNdB measured

outdoors.

(b) When indoors, subjects from the towns of Fontana and

Redlands judged the boom from the B-58 at 1.69 psf

nominal peak overpressure outdoors to be as acceptable

as the noise from a subsonic jet at an intensity of

118 to 119 PNdB measured outdoors.

(c) The booms heard outdoors from the B-58 at 1.69 nominal

peak overpressure were judged to be as acceptable as the

noise heard outdoors from a subsonic jet at 105 PNdB,

111 PNdB, and 108 PTNdB by subjects from Edwards Air Force

Base, Fontana, and Redlands, respectively.

(d) When indoors, 27 percent of the subjects from Edwards

and 40 percent of the subjects from Fontana and Redlands

combined rated the B-58 booms of nominal peak overpressure

of 1.69 psf as being between less than "just acceptable"

to "unacceptable."

*Noises having these PNdB values would be generated on the ground di-
rectly under the flight path of a turbofan aircraft at an altitude
of 800 or lI00 ft, depending on whether landing or takeoff engine
power settings were used.

**Noises having these PNdB values would be generated on the ground dir-
rectly under the flight path of a turbofan aircraft at an altitude of
300 or 600 ft, depending on whether landing or takeoff engine power
settings wer'c used.
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(c) When outdoors, 33 percent ol the subjects iromn Edwards antd

39 percent of the subjects from Fontana and Redlands, com-

bined, r.ted the B-58 booms of nominal peak overpressure of

1.69 psf as being between less than "just acceptable" to

"unacceptable."

(f) Residents of Edwards AF Base who served as subjects had

been in residence there for an average of two years and

had been exposed during that period to about 4-8 booms

per day of median nominal peak overpressure of 1.2 psi

and to subsonic aircraft noise having peak PNdB levels

of about 110 PNdB. The towns of Fontana and Redlands,

on the other hand, were not under or near the flight

track of supersonic aircraft and were occasionally ex-

posed to noise of subsonic aircraft at a peak level of

about 95-100 PNdB.

2, Acceptability of Sonic Booms from Different Military Aircraft

(a) When of approximately equal nominal or measured peak

overpressure and when heard indoors and judged against

the aircraft noise, the boom from the XB-70 was slightly

less acceptable than the booms from the F-104 or B-58

aircraft. When heard outdoors and judged against air-

craft noise, the boom from the B-58 was slightly less

acceptable than the booms from the XB-70 and F-104 air-

craft.

(b) When one type of boom was judged against another type

of boom at equal nominal peak overpressure, no signifi-

cant difference in their acceptability was measured in

these tests.

3. Acceptability of Booms and Aircraft Noise as a Function of

Their Intensity

The unacceptability of sonic booms, as a function of intensity,

increases at about half again as fast a rate as does the unacceptability

of the noise from subsonic aircraft; i.e., in terms of judged unaccept-

ability, an increase of 10 PNdB in intensity of a noise Irom a subsonic
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aircraft was equivalent to about a 6 dB increase (from I psf to 2 psf)

in the intensity of a sonic boom.

4. Acceptability of Booms or Noises for Indoor Listening Compared
to Outdoor Listening

The results averaged over all tests indicates that the booms

and particularly the noise were rated slightly more unacceptable by the

listeners outdoors than by the listeners indoors. Also, the precision

of the judgments and rate of growth of unacceptability as a function of

the intensity of the booms or noise was about 50-percent greater for

listeners outdoors than indoors.

5. Subsonic Aircraft Noise

The results obtained when sonic booms were judged against the

noise from either turbojet or turbofan subsonic aircraft were comparable,

provided the aircraft noise had about the same peak PNdB value. Also,

noise from turbojet aircraft was generally judged to be equal in accept-

ability to noise from turbofan aircraft when the noises had the same PNdB

value, except when landing power was used and the listeners were outdoors.

6. Discrimination of Intensity Differences in Booms and Subsonic
Aircraft Noise

(a) On the average, two booms were judged to be significantly

different in acceptability when their nominal or measured

peak overpressures differed by about 1 dB, and by about

2 dB when the two booms were compared against a reference

aircraft noise.

(b) On the average, two aircraft noises were judged to be sig-

nificantly different in acceptability when they differed

by about 2 P1dB, and by about 4 MEdB when the two air-

craft noises were compared against a reference booN.

7. Differences in Judgments of Subjects Located in Different

Rooms and When on Vibration Isolation Pads

Systematic differences were found among some of the subgroups

of subjects located in different rooms in the test houses. When some of

the subjects were exchanged among rooms, it was found that some. of the
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differences were due to the test rooms and not to the subjects.

Placing the indoor and outdoor subjects on vibration isolation

pads did not significantly change their )udgments o1 the sonic booms

relative to the noise from the subsonic aircraft.

8. Attitude Survey

An attitude survey of residents (15 percent of whom served as

subjects in these experiments) at Edwards Anr For'e! Base revealed that

26 percent rated the boom environment as being between less than "just

acceptable" to "unacceptable" for the month of Juncý, when there was an

average of about 10 booms per day at a median nominal peak overpressure

of about 1.69 psf. Fourteen percent of the residents also rated the boom

environment prior to June as being between less than "just acceptable" to

"unacceptable." During this previous period, there were about 4 to 8

booms per day at a median nominal boom level of 1.2 psi. Six percent

rated the ambient daily aircraft noise and :ivven percent rated the street

noise as being between less than "just acceptable" to "unacceptable."

9. Age and Sex of Subjects

Within the adult population studied, age and sex are not sta-

tistically significant factors in the ratings or paired-comparison of

the unacceptability of sonic booms or the aircraft nioises.

B-Ill



REFERENCES

1. Andrews, B. and D. M. Finch, "Truck Noise Measurement," Proc. High-
ways Research Board (U.S.A.), -156-.165, December 1951

2. ARP 865, "Definitions and Procedure [or Computing the Perceived Noise
Level of Aircraft Noise," Society of Automotive Engineers, New York,
N.Y. (1965)

3. Bishop, D. E., "Judgments of the Relative and Absolute Acceptability
of Aircraft Noise," J. Accust. Soc. Am. 40, 108-122 (1966)

4. Borsky, P. N., "Community Reactions to Sonic Booms in the Oklahoma
City Area," (Parts I and II), Wright-Patterson AFB, AMRL-TR-65-37

(1965) AD 613 620

5. Bowker, C. H. and Lieberman, G. J., Engineering Statistics, Prentice-

Hall Inc., Englewood Cliffs, New Jersey (1959)

6. Bowsher, J. M., D. R. Johnson, and D. W. Robinson, "A Further Experi-
ment on Judging the Noisiness of Aircraft in Flight," Acustica 17,
246-267 (1966)

7. Broadbent, D. E. and D. W. Robinson, "Subjective Measurements of the
Relative Annoyance of Simulated Sonic Bangs and Aircraft Noise,"
J. Sound Vibration 1, 162-174 (1964)

8. Cohen, A. and R. F. Scherger, "Correlation of Objectionability Ra-
tings of Noise with Proposed Noise-Annoyance Measures," U.S. Depart-
ment of Health, Education, and Welfare, Public Health Service, Div-
ision of Occupational Health Report RR-3, May 1964

9. Committee on the Problem of Noise; Final Report, "Noise," Cmdn. 2056,.
Her Majesty's Stationery Office, London (1963)

10. Copeland, W. C. T., I. M. Davidson, T. J. Ilargest, and D. W. Robinson,
"A Controlled Experiment on the Subjective Effects of Jet Engine
Noise," J. Royal Acron. Soc. 6.1, 33-36, January 1960

11. deBri.-son, Lt. Colonel, "Opinion Study on the Sonic Bang," Centre de
'etudes et d'instruction psycholngiques di l'armce de Pair; Study
No. 22 (1966); 'tyat Air Et bb, i. Trans. No. 1159 (1966); AD 4.83 066

12. Galloway, W, J. and IL. IK> von Gicrke, "Individual and Community Re-
actinn 0, Aircrait NX,',4I; Prosunit Status and Standardization Efforts,"
Lnnld'.n Nie~ I ~c 0 ,n Vr}| '�l .Bestt'm Avelbl tC

1163Best Available Copy



13. ISO Recommendation R506, "Procedure for Describing Aircraft Noise
Around an Airport," U.3..A. Standards Institute, New York, N.Y.
(1967)

141. Johnson, D. H. and D. W. Robinson, "On the Subjective Evaluation of
Sonic Bangs," National Physical Laboratory, Apfilied Physics Divi-
sion, Croat Britain. Report Pr'epared for M.1inistry of Aviation,
AP 25, GC 11'17/66/1, November 1966

15. Kryter, K. D., "Scaling Human :teaction:; to the Sound Iron Aircraft,"
J. Atoust. Soc. Am. 31, [.115-1429 (1959)

16. Kryter, K. D., "Psychological Rea•.tions to Aircraft Noise," Science
151, 13.16-1355 (1966)

17. Krvter, K. D. and K. S. Pearsons, "Judgment Tests of the Sound from
Piston, Turbojet, and Turbofan Aircraft," Sound 1, No. 2, 24-31,
March-April 1962

18. Kryter, K. D. and K. S. Pearsons, "Some Effects of Spectral Content
and Duration on Perceived Noise Level," J. Acoust. Soc. Am 35,
No, 6, 866-883 (June 1963)

19. Kryter, K. D. and K. S. Pear'sons, "Modit'cation of Noy T:ibles,"
J. Acou.;t. Soc. Ar. 36, 394-397 (1964)

20 Kryter, R. D. and K. S. Pearsons, "Judged Noisiness -)f a Band of
Random Noise Containing an Audible Pure-Tone," J. Acoust. Soc. Am.
38, 106-112 (1965)

21. Little, J. W., "Human Response to Jet Engine F'oises," Noise Control
7, No. 3, 11-13 (1961)

!2. Mills, C. H. B. and D. W. Robinson, "The Subjective Rating of
Motor Vehicle Noise," Engineer 211, 1070-107-1 (1961)

23. Pearsons, K. S. and K. D. Fryter, "Laboratory Tests of Subjective
Reactions to Sonic Boom," NASA Contractor Report No. CR-187 (.964)

21. Pearsons, K. S. and K. D. Krvter, "The Effects of Duration and
Background Noise Level on Perceived Noisiness," FAA ADS-78,
April 1966

25. Robinson, D. W., J. M. Bowsher, and IW. C. Copeland, "On Judging the
Nois• from Aircraft in Flight," Acustica 13, 32.1-330 (1963)

26. Ycpler, E. E and J. H. P. Ilarel, "The Loudness of Sonic Booms and
Other Impulsive Sounds," J. Sound Vibration 2, No. 3, 2.19-25C (1965)

B-6.1



Annex B

Appendix B-I

MISSIONS FOR PSYCHOLOGICAL TESTS
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Annex B

Appendix 8-2

SONIC SOON JUDGMENT TESTS

It is anticipated that in the nut too distant future supersonic transports, which
create sonic booms, will he placed into commercial operation. The study in which wou

are participating is being conducted to determine what kinds of sonic booms, if any,
are the most acceptable to people.

As you know, special supersonic aircraft operate from Edwards Air Force Base.
These aircraft occasionally generate "sonic booms" with which you are familiar. Be-
cause you are somewhat familiar with sonic booms and because they are generated as a
matter of everyday opration at Edwards.Air Force Base, we would like yvo to make
certain judgments about the relative acceptabilitx of the sonic booms that you will
hear during this study.

The sonic booms you will hear will be of the intensity that normally occur at or
near Edwards Air Force Base during everyday operations and are levels which will pre-
sumably be present in communities when the ant icipated commercial supersonic aircraft
fly across the UInited States.

There is nothing secret or classified about these tests. ikiwever, we ask that
%ou do not attempt to give opinions about the results of the tests inasmuch as the
results will not be analyzed or understood until the study is completed and all data
are given proper consideration. Also, you should not discuss, in particular, your
reactions to these sounds with your fellow observers inasmuch as we want your own
opinions, and we expect people to differ in their judgments. There are no right or
wrong answers.

1hese tests are being conducted jointly by the Air Force, the National Aeronautics
and Si•iace Aditnistratiin, and the Federal Aviation Agency, and are part of the program
for the development of a comnmercial supersonic transport. Your concientious partici-
pation in this program is greatly appreciated. Any requests for additional information
should be addressed to: [Niblic Infomation Officer, Edwards Air Force Base.

Best Available Copy
B-2-1



LAST HAlE INITIAL

OATl MONtH LOC. ISO.

CIRCLE A IF FIRST SOUND IS MORE ACCEPTABLE. 1. A
CIRlCLE I IF ECONu SOLO1 IS WORE ACCEPTABLE.

2. A 8

INSTRUCTIONS: 3 A

"I'li. primary pnirjese of the tests being conducted is to
dtiermihe, if Iossible, how people feel about the relat ive 4. A I
a'relitahility of nne type or level of aircraft. noise when
,,. 1 ipared with a second type or level of aircraft noise. 5 A

Yriu will hear a series of sounds from aircraft. Some
of the souneds will be sonic booms and some will be the sound 6. A
made by a subsonic Jet aircraft. The sounds will occur in
"pairs" and your task is to judge which sound in each pair
fv- think would be more acceptable to you if heard in or 7. A
iiear your home during the (lay and/or evening when you are

eng•aged in typical, awake activities.

8. A U
After yeoi lave h,'rd each pair of sounds please quickly

der:ide which of the two you feel would be mnre mcceptable
I o yo. If yon think the second sound of a pair would be 9. A 9
more acceptable, circle 8 for that particular pair. If you
think the first. sound in the pair would be more acceptable 10. A B
to vyo than the second, circle A.

Please concenLrate on the judgment at hand and give an IL A 8
answer even though the two sounds may seem approximately
equal in acceptability to you. If you feel that there is
absolutely no real difference in terms of acceptability of 12. A 6
the two sounds, please circle either A or 8, giving the
liest guess you can, and put a question mark after that pair.

13. A I
There are no "right" or "wrong" answers, nor do we

expect. people to agree with each other. We are interested
in how you feel about the sounds and how people differ in 14. A
their Judgments of the acceptability of these aircraft sounds.

An announcenment will be made before each pair of sounds 15. A 3
is tu "ricir.. "1ie sounds of a pair may be separated in time
.,% sevrt'al minmt vs; uslal IV, however, they wi II occur within
a slzo.l,, minut,-. Iliring this period we ask that you b'e quiet 16. A 8

aol at t,.,t ie. (;i, ',us youzr best judgment and imagine, if
%mi will. that vivi are liste.ning to these sounds in or near 17. A 6
%ml f sril hoW'I l e(.lt

19. A
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LAST MAME

FIRST NAME MIDDLE
INITIAL

SOCIAL SECURITY NUMBER -

PLACE OF PRESENT RESIDENCE (Circle One)B

On Base Off lase

MARITAL. STATUS iCiFCloOe)01. S

married Not married

Six iCrcle one.) UF

male Female

AGE

OCCUPATION ,Circle One; HA Ra

Nouserrill Air Force Retired Other

I4USBAND EM1PLOYED BY IC-rcie Orne) military Civilian

IF MILITARY. STATE RAN& _____________________

TI1E IN ARIA TO IN(1 NhAREST YEAR iC~rcio One)

L I2 3 4 56

Lotielrw 3 iIt. A Its. 5 IF$. Spro. of more

11411111SS

STIP(f A3OfIESS

HU- J~- .
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.ATT 11 DEt SU.M. L•VEN,Y

DEPARTMENT OF THE AIR FORCE
MII A*JLI A#? F RS AIR F 'R.! F LI(,HT TEST CENTER #Atsr.;

I (,hAR•S) AIR F,,R(:[ FAS| CALIF 93523

"!"f' M I 7 June 1966

I Sonic Boaom T'stiny Program

All Occupants, Base Ho10sing

I. Edwards AFB has been chosen as a place to study some of the reactions
and feelings people have to the noise of subsonic aircraft and to sonic
booms. Ed-vards was chosen because it is a base where people are exposed
to the noise of aircraft and to sonic booms.

2. These studls are a joint Air Force, NASA and FAA project with
Stanford Research Institute assisting as a government contractor. The
studies ore an important step to finding out which types of sonic booms
and other noises are bothersome to people. The program is directly re-
lated to design and development of commercial supersonic transport
aircraft. Sonic booms created by these aircraft mut be socially accept-
able to the people of the United States.

3. There are obviously no "right" or "wrong" answers to the questions on
the enclosed sheet. It is your opinion and first reaction to each question
that is wanted. It is expected that people will differ widely in their
opinions.

4. The individual (not joint) opinions of the husband and of the wife,
to be given separatel~yon the enclosed answer sheets, are requested.
If one of you cannot fill out the answer sheet, or objects to doing so,
please send in at least one answer sheet completed. The answer ,heets
are numbered to aid in data analysis, but the identification of persons
filling out the answer sheets will not be used in any way or kept. You
will also be asked to complete answer sheets like the enclosed one once
or possibly twice again later this summer.

5. This is a voluntary service we are asking you to perform. The program
has the full endorsement of the Air Force and is important. For these.
reasons, your willing cooperation and participation will be appreciated.

H ANSON

Brigadier General, USAF
Commander

I-.- I



Plas. e ht-( k one point oil .a;-h t.1 the lines below which indicates most closely

hoil you felt on thei average in -our present home during the past few weeks or month

about the kitids of x| arn;u, sounds indicated.

:1. The sounds, as heard in your home during the day and night for the past fI w

weeks or month, at aircraft flying overhead or nearly so shortly after taking

of! or during approach to landing were on the average:

I A

Very Acceptable Just Acceptable Unacceptable

1). Tlt stonic booms, a.s heard in your homet during the day and night for the past

feu weeks or month, were on the average:

Very Acceptable Just Acceptable Unacceptable

C. Street nolses, as heard in your home during the day and night for the past few

weeks or month, were on the average:

Very Acceptable Just Acceptable Unacceptable

Please check what you think was the number ot occurences of the following
sounds, as heard in your home during the average day and night, for the past several

weeks or month:

a. The sounds of aircralt flying overhead or nearly so shortly after taking off

or during approach to landing.

Approximate Average No. of Daily Occurences[ lor Lessj1 2 -5 6 -10 11 -2 21 -30) 30Oor Morel

b. Sonic Booms

Apprxamatve Average No. oW Daill Ot-turrnces

r or Less 2 - 5 6 -10 11 - "20 21 - 30 30 or More

Please place a circle around the condition which in your present home is the

most bothersome or least acceptable to. you:

a. general airplane noise b. sonic booms C. street noise

Now long have you lived at Edwards Air Force Base? Your age?

Please check: husband wife

11-3-"



The pr-,io inii p-lr %i. s1 il,i0I' it hl" N10111, nut 1.1)21 to soill biloomis duriing

th" III ! ItIt A~ ,h 4 i -1, ,I to 11, ruot I ot Jwn,- 19661I. Thi. qui-st lors hfilowA

arv about hits %ý.)u 1.4I about -oiL, hjom~- -111 amural I noist, at Edwards Air

Force B..se bef!ore I Jun.'t 190,,t

1. Do0 You think t hat t he souiids Of aIrura t flying overhead shortly after

tak ing oil or dur ingt approault to hi' la ndin g you have heaýrd in Your

home, tip to abhout I Jun.- 194h'.s 01kit kit inig at Edvtanils Air Forcte Buse

were, on tile av'.eaigi'

Very Acceptabilt Ju,.i AcL'ieptitII. Unacceptable

2. Do you think that the sonuc booms You hatte heard in your homes, up to

about 1 June 1966,%fu'lke living at EdwaI'dý Air Fotece Base %ere, on the

ai vcra ge:

Very Accipi abli lTust Atctai'pt . Ui'naccept able

3. Do you think that living at Edxward. Air Force Base and being regularly

exposed in your homes to sonic booms tip to about 1 June 1966 has tended

to make sonic booms when heard in vour home to be:

a) more acceptable -

b) no change (Please check one box)

0) less acceptable

4. Do you think that li~iiig at Edwirds Air Force Base and being regularly

exposed In your home.% to t he sounids of . ircril It Ivi hg overhead short ly

after taking oll or during finding uip to ab~out I June 1966 has tended

to make these sounds when heard in your home to be onl the average:

a) more avccptable

b) no change (Please check one box)

0) less acceptable

Please ri-turn this nsi' sheet, J1long with the attachedl sheet,* within a few

dav,'- In the enclosent, addressed envelope.
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Annex B

Appendix 5-4

VARIABILITY IN PAIRED-COMPARISON TESTS

The following factors are considered to bi. possible major sources

of unwanted variability in the present tests:

1. Variations in the attentiveness and attitudes of the subjects

from moment to moment

2. Chance variation in the physical conditions, such as the air-

craft being slightly off flight course or prescribed power

setting, or effects of weather conditions on the booms, the

presence of extraneous noises, etc.

3. The fact that, at the intensity levels used in these tests,

the second sound to be judged in a pair is usually found to

have a somewhat stronger psychological effect on a person

than the first sound, even though they are physically equal

(the so-called "time-error" in judgment tests).

The tests were designed to reduce to a practical minimum the effects

of these factors on the results by having the subjects judge each pair

of sounds four times: twice in the order of sound A followed by sound B,

and twice in the order sound B followed by sound A. In addition, the se-

quencing of pairs for any one test condition was randomized insofar as

flight operations would permit among all test conditions and testing days.

The 8'%-!.A6c of the results takp- rver the four judgments for any two

sounds that were compared with each other represents thetA Lne best esti-

mate possible of the relative subjective acceptability of the two sounds,

taking into account the error-factors outlined above.

An estimate can be made of the variability that would be expected

had only one set of A-B and B-A pairs been given for each test condition.

This can be d:&s by finding the 50-percent crossing points for the var-

ious test conditions from curves based on each possible A-B and B-A data

point, rather than on the average of all four pairs, as was done in

B-4-1



Figures I through 5 in the text of Annex B. Figures B-4-1 through B-4-3

show the data for the F-104 vs. WC-1358 pairs plotted in this way.

Table B-4-1 gives the average range of the deviations of all possi-

ble cross-points for each of the major experimental conditions tested arn

shows that, in general, the average of the differences between the median

of the crossing points (Figs. 1-5 in the text of Annex B) and crossing

points for any curve drawn between any two data points is about 1 PNdB

for any test condition or group of subjects. The total range of the

differences among the crossing points for any test condition or group of

subjects averages about 4 PNdB.
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INDOOP LISTENING F-104 NOMINAL eP C 7.
80 1 1 1 1 1 t r'- I

AT 50% PREFERENCE:

MEDIAN CROSS-POINT: 101.5 PNd8
0 AVEPAGE DEVIAIION: 1,3 PNdB
O 60 CROSS-POINI RANGE. 4.ý PNdB

• 50

40o

20 1 _

93 94, 95 98 99 l0C. 101 1(,- xj 104 105 106 107
PNdB OF WC-135B .

OUTDOOR LISTENING F-104 NOM!NAL6P 0.75psf

AT 50% PREFERENCE-

MEDIAN CROSS-POINT: 88.5 PNdB

AVERAGE DEVIATION: 2.1 PNdB

O CROSS-POINT RANGE: 8.0 PNdBo 60

S50
W.

.40

201 1 1 1 1i
83 84 85 86 87 88 89 90 91 92 93 94 95 96 97

PNdB OF WC- 1350

NOTES: Each data ooint :s the overage preference lor '*ao m sos one mission being a boom-Noise

mission or. ', other v, Noise-Scom m;,:,n. Fre'r four - .. - (Ioo• • est. Boom-No;%e
Retest, Ncise-boonm Test and Nose-Soom Retest) four data points can be formed. With one set of
lour points above ths 50W line and another set of four isoints below the 53% line, sirteen lines will

N
intersect the 30% peference line. The overage dav;orior it I N m f -eedian osots-poi: i

whaer N is ore number of crss-pct;mnt to a; is the va!ue of the Ith cross-paint.

FIG. 8.4-1 VARIATION OF PAIRED-COMPARISON JUDGMENTS (F-104 nominal AP 0.75 psi
vs. WC-135B). Listeners from Edwards AF Base.
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INrf'OR LISIENING F-104 NOMINAL.ýP 1.40 Lpif

I I I

80 ATI 0 PREFfRENC:-
MEDIAN CROSS-POINT: 108,7 PNdB
AVERAGE DEVIATION: 1.3 PN8b

CROSS-POINT RANGE: 5.0 PNdB

0

0

a.40

I I - I I I I I I I 1 1
102 103 104 105 106 107 108 109 110 111 112 113 114 115 116

PNd8 OF WC-135B

OUTDOOR LISTENING F-104 NOMINAL %P 1.40 In#

AT 50. PREFERENCE:

AVERAGE DEVIATION: 2.0 PNdg
O CROSS-POINI RANGE- 7.0 PN1B
0 60 -

40

g so
40 -- -

20
93 94 95 96 9' 9B 99 100 101 102 103 I04 105 106 107

PN1dB OF WC-135f

NOTES: Sv... iq. 9-A-I for g•,4,ml n

(neIe st.ýj. data po,,' to's Im famed,

FIG. 8-4-2 VARIATION OF PAIRED-COMPARISON JUDGMENTS (F-104 rominal.\P 1.40 psf
vs. WC-13S8). Listeners from Edwards AF Base
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INDOOR LISTENING F-104 NOMINAL AP 2.80

-r- -7 I 1 I I i I I

ao - AT 50,o PREFERENCE:
MEDIAN CROSS-POINT: 120.7 PNdB
AVERAGE DEVIATION: 0.5 PNdB
CROSS-POINT RANGE: 2.0 PNdB

0

a60 6

• 50

s.

e, 40

20 I I I I I I I , I 1 I
115 116 117 118 119 120 121 122 123 124 125 126 127 128 129

PNd8 OF WC-135B

OUTDOOR LISTENING F-104 NOMINAL aP 2.80
- - I I I I I I I I I I I I

AT 50% PREFERENCE:
R'MDAN CROSS-POINT: 116.2 Phdl$

AVERAGE DEVIATION: 0,7 PNd0 0

60 - CROSS-POINT RANGE: 3.0 PNdS

S50

.40 -

20 I I I I I I I I I I I
109 110 III 112 113 114 115 116 117 118 119 120 121 122 123

NOTES: See Fig. 6-4-1 for generoal notes.
*T.V., Rnm-Noisv missions and one Noiie-boom miss:ion were Flown,

consequently. only three ioto po~nti con be loomed.

FIG. B-4-3 VARIATION OF PAIRED-COMPARISON JUDGMENTS (F-104 nominal AP 2.80 psf
vs. WC-135B). Listeners from Edwards AF Bose.
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Annex C
Part I

SUMMARY OF VARIATIONS OF SONIC BOOM SIGNATURES RESULTING FROM
ATMOSPHERIC EFFECTS

ABSTRACT

Data based on about 5000 overpressure measurements are presented to

illustrate atmospheric induced sonic boom signature variations for super-

sonic aircraft varying in gross weight from about 20,000 to 450,000 pounds

and from about 60 ft to 185 ft in length, respectively. Descr',tions

are included of several special flight test experiments performed to de-

fine quantitatively some of these atmospheric effects.

The experience derived from several flight test programs regarding

sonic boom signature variations has been summarized. Variations were

noted to occur in the peak overpressure, the impulse function, the time

duration, and the bow wave rise time. Such variations are noted to be

induced by the atmosphere. That portion of the atmosphere below about

2000 ft is shown to be most influential although in some cases the higher

portions may also be important. Aircraft motions, in the form of pertur-

bations about the normal flight track, are shown not to contribute sig-

nificantly to observed sonic boom signature variations at the ground.

INTRODUCTION

It is a matter of record that substantial variations occur In sonic

boom signature shapes (see refs. 1, 2, and 3). These variations involve

such quantities as the peak overpressure, the time duration, impulse,

etc. Such variations are thought to be largely due to atmospheric and

weather effects although the exact cause and effect relationship has not

been definitely established up to this time. The purpose of this paper

is to present some recent sonic boom measurement results which illustrate

the nature of the atmospheric effects problem and which define quantita-

tively some of these effects.

C-I-1



Figure I contains examples of wave sh~apes observed for three diff-

erect types of aircraft. At the left of the figure are tracings oi meas-

ured waves for the F-l04 aircýraft for which the time duration is about

. 10 of a second. It is seen that the waves vary from sharply peaked to

gently rounded. Simil..r signature tracings are shown at the right side

of the figure for the B-58 and the XB-70, respectively. The B-58 signa-

tures are roughly .20 of a second in duration and those of the XB-70 are

approximately .30 of a second in duration. The main differences between

waves for a given aircraft are noted to occur at the times of -the rapid

compress.ons. The largest overpressure -- il:is are generally associated

with the sharply peaked waves.

NATURE OF SIGNATURE SHAPE VARIATIONS

In the following discussions, reference will be made to variations

in those quantities which are defined in Fig. 2. Shown 'In Fig. 2 is an

example tracing of an N-wave signature. The quantities peak positive

overpressure AP, the positive impulse I, the tomtal time duration of the

wave At, and the rise time T., are Illustrated. Rise time always refers

to the bow wave and is usually defined as the elapsed time between the

onset of pressure and the c-ccurrence of its maximum value (see ref. 4).

There has been considerabl,: discussion about the fzequency response

requirements of measuring equipment and whether differences in frequency

response wouid markedly change the observed patterns of signature varia-

tion. In order to provide some information in this regard, FM magnetic

tape records were processed by playback through a series ot low pass

filters. Figure 3 contains examples of traced wave forms resulting frmt

playback tof one particular record through various ftlters varying in

band width [rim about 50N1) Me down to abovt 200 Hz. For the case illus-

trated, it is %eon that the narrower band width systems noticeably at-

feet the wave shape paiticularly with regard to the peak overpressure

and rise time. About 200) data records were processed as indicated in

fig. 3 to provide data for the histogram.s of Fig. 4.

The data ot Fig. 4 relate to B-S5 flights at an altitude of about

31.00tt it and a M.c-h number o1 1.5. In the figure the number of events
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(a) 0.02 -5,000 HZ

N' 0.02 - 2,000 Hz

Wc 0.02-500 Hz

(4) 0.02-200 HE

FIG. 3 EFFECTS OF INSTRUMENT FREQUENCY RESPONSE Ott SONIC
BOOM SIGNATURE SHAPE$. Daft are (at B-5B aircraft ot an
altitude of 31,000 ft. ond a Mach number of 1.5
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SAp¢e: 2.59 lb/Sq ft

20 L
(0) 002- 5,000 Hz

l0

20-

W(b 0.02- 2,000 Mz

z2O

20 (c) 002- 500 Hz

to-
10

20-

Id) 002- 200 Mr

goL
10.

0 2 3 4 5

Ap. Ib/sq ft

FIG. 4 VARIATION OF PEAK POSITIVE OVERPRESSURE FROM
SONIC BOOM SIGNATURES ANALYZED AT VARIOUS
FREQUENCY RESPONSE RANGES. D@ t.. 8or -56
ecfot at oan olhtIude of 31.000 ft. ond a Mach number of 1.5C-I -6



is plotted as a function of the overpressure values in histogram form

for the four different filter band widths of Fig. 3. The data of Fig.

4 relate to a variety of wave form shapes on the original records such

as those illustrated in Fig. 1. It can be seen from the inspection of

Fig. 4 that the histograms do not vary markedly as a function of filter

band width. There is, however, a general shift to lower peak overpressure

values as filter band width is reduced. The point can be made that the

average peak overpressure values obtained for the smaller filter band

width are more nearly in agreement with the calculated values than are

those obtained with the larger filter band widths. For all the data

subsequently presented in this paper, the instrument frequency responses

are essentially .02-5,000 Hz and thus the effects noted in Figs. 3 and

4 will not apply.

Shown in Fig. 5 are probability plots of the ratios of measureC to

calculated overpressure for the B-S8 and XB-70 aircraft. The ordinate

is the probability of equalling or exceeding a given abscissa value.

Three sets of data are included. The square data points for the XB-70

and the triangle data points for the B-58 were obtained from measurements

of a 7000 ft linear microphone array, whereas the circle B-S8 data points

were obtained for a small cruciform microphone array having dimensions

of 200 ft. It should be noted that the data would fit on a straight line

if the variation coiresponded to a normal distribution. The slope of

this line would indicate the amount of variability of the data, a verti-

cal line indicating no variability. With the exception of the highest

and lowest valued points,all three sets of data generally follow a nor-

mal distribution line and the variability is about the same In each

case. These results are similar to those obtained in other programs

as, for instance, in references 1 and 2, and the Implication is that the

type and size of the airplane are not significant factors regarding

variability.

Although no data on the positive impulse function of the waves are

included in this paper, the point can be made that the same general

trends exist as for the overpressure data of Fig. S. The only exception

is that the variability is generally less for the impulse function for
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.999 0 X8-70 (7,000 ft orroy)

A 8-58 (7,000 ft orroy)

3 A 0 8-58 (200 ft array)
.99 0 A

, )

0,)

Z13
.90-

fA
~50-d

Jo :

.010

.00! I * , ! A I . I.- .5 1.0 2.0 5,0

'APw60M/tA9coic

FIG. 5 PROSABI :TY OF EQUALING OR EXCEEDING A GIVEN VALUE OF THE
RATIO OF MEASURED TO CALCULATED OVERPRESSURES FOR TWO
DIFFERENT AIRCRAFT. (Data wre plotted an lI" f-mal proheLl|ty paper)
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a given set of flight and atmospheric conditions than for the overpres-

sure function.

Some variations in the sonic boom signature time durations which

are important for structural responses have been observed. The data of

Fig. 6 illustrate these latter variations for the B-58 aircraft for two

different flight conditions. Results are based on about 200 data points

measured at a fixed location for approximately 50 flights over a period

of about three weeks. The histograms at the top of the figure are for

an overhead flight track for an airplane altitude of 31,000 ft and

for a Mach number of 1.5. The histogram at the bottom of the figure re-

lates to a flight track five miles distant from the measuring station

and for an airplane altitude of 43,000 ft and a Mach number of 1.65.

It can be seen that the time periods are longer for the off-the-track

condition, but that variability does exist in the durations of the waves

at both locations. This variability is probably due to differences in

the propagation rates of the bow and tail waves which travel along some-

what different ray paths from the aircraft to the ground.

Also of interest is the variation in bow wave rise time as defined

in Fig. 2, since it is believed that this quantity is important from a

subjective reaction standpoint. The data of the histograms of Fig. 7

have been normalized on the horizontal scale to indicate the rise time

per unit overpressure. These data are for a B-58 aircraft for an alti-

tude of approximately 31,000 ft and a Mach number of 1.5 for an over-

head flight condition. The two histograms of the figure relate to the

same measured data but result from different interpretations of that

data. For instance, the histogram of solid lines is based on the rise

time definition of Fig. 2. The dashed line histogram,on the other hand,

is based on the determination of the AP values associated with the first

peak in the wave even though that may not be the highest peak. This

latter definition may be the more appropriate one for subjective evalu-

ation whereas the definition of Fig. 2 is a commonly accepted one.

In either case, it can be seen that considerable variations in rise

times are encountered regardless of the manner in which rise time is

defined. It is significant to note that rise times of less than a
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60 ca) On track

40-

201

0° 1

80 - b) 5 mileS Off track

so-

40-

20

.12 .14 .16 111 20 .22

FIG. 6 VARIATIONS OF SONIC BOOM SIGNATURE TIME
DURATIONS FOR TWO DIFFERENT FLIGHT
CONDITIONS OF THE 8-58 AIRCRAFT
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15-

Dosed on highest peak

--- Based on lst peak

125

"IE to o0 I

75

L.

25-

I..

0 .005 .010 .015 .020 .025

r/Ap

FIG. 7 VARIATIONS OF BOW WAVE RISE TIME FOR THE B-5B AIRCRAFT
AT A MACH NUMBER OF 1.5 AND AN ALTITUDE OF 31,000 FT
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millisecond are commonly encountered for the initial peak of the wave.

PROPAGATION STUDIES IN THE LOWER ATMOSPHERE

Previous studies of atmospheric effects on sonic boom signatures

have suggested that the lower layers of the atmosphere exert the great-

est influence (see ref. 3.). In order to better define the region of

the atmosphere most effective in distorting the sonic boom signatures,

several special experiments have been performed by NASA and USAF person-

nel. The first two of these were conducted at the NASA Wallops Station

and are illustrated schematically in Figs. 8 and 9. Flights were made

over an instrumented range consisting of a linear microphone array on

the ground and extending about 1500 ft in combination with a vertical

array on an instrumented tower extending to about 250 ft above the ground

surface. The generating aircraft was flown at an altitude of 40,000 ft

and at a Mach number of 1.5 for a variety of weather conditions. The ob-

jective of the studies was to correlate the sonic boom measurements with

the extensive meteorological data obtained on the instrumented tower.

In situations where wave form distortion was noted to exist, it was

found that similar wave shapes were measured both at the ground surface

and on the instrumented tower. A particularly interesting and signifi-

cant result of these studies is illustrated by the wave form tracings

of Fig. 8 which suggest that similar types of distortions exist at

points along given ray paths. Such a result was obtained along a ray

path extending from a measuring station on the tower to the ground and

also on a reflected path from the ground back up to a station on the

tower.

This leads to the conclusion that for these particular tests the

250 ft layer of the atmosphere near the surface of the ground did not

appreciably affect the signature shapes. Thus, correlation studies in-

volving only the lower surface layers would probably not produce con-

elusive results. It follows then that the portion of the atmosphere

above 250 ft was important for the conditions of this experiment regard-

ing wave shape distnrtions.
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As a follow-up to the ray path experiments of Fig. 8, another ex-

periment was performed to investigate the effects of time with regard

to atmospheric distortion effects. This experiment was performed with

the aid of two airplanes of the same type which were flown at the same

altitude and Mach number and on the same nominal flight track and about

S seconds apart. By means of a ground microphone array, it was possible

to measure sonic boom signatures which travelled along essentially the

same ray path from high altitude to the ground for a distance of approx-

imately 15 miles but at slightly different times. One of the results

of the experiment is illustrated by the signature tracings at the bottom

of Fig. 9. It can be seen that quite different wave shapes are associated

with measurements at times a few seconds apart. Such a result suggests

that the integrated effects of changes in the atmospheric conditions along

a given ray path may be significant even for such a small difference in

time.

Further experiments relating to atmospheric effects on sonic boom

propagation were performed recently by NASA and USAF personnel in the

Edwards, California, area. One of these experiments was performed with

the aid of the Goodyear airship, Mayflower, as illustrated schematically

in Fig. 10. For some cases, as illustrated in the figure, the i:acident

signature was essentially undistorted, whereas the ground measurements

and the reflected signature measurements at the airship showed evidence

of distortion. This would suggest that the 2000 ft surface layer of

the atmosphere was responsible for all such distortion. On the other

hand,-some other measurements indicate distortion of the incident wave,

thus indicating the portion of the atmosphere above 2000 ft may for

some cases be important.

None of the above experiments produced vvidence of direct correla-

tion betveen signature distortion and identifiable local disturbanros

in the atmosphere. The last special experiment to be described was per-

formed particularly to achieve such a correlation. Use was made of a

large subsonic aircraft to generate wing tip vortices in the test area

In such a manner that the shock wave to be measured would pass through

these vortex disturbances (see ref. 5). The resulting measurements of
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peak overpressure values from the microphones in the ground array are

shown at the bottom of Fig. 11. Of particular interest are the data

points at distances from 5200 to 5600 ft along the ground track where

markedly larger overpressure values were recorded. These latter meas-

urements were believed to have been affected by the presence of the

wing tip vortices, but no significant changes were noted in the signa-

ture shapes. Some further analyses and more definitive experimental

studies are planned to improve the understanding of these latter inter-

action phenomena.

EVALUATION OF AIRCRAFT MOTION EFFECTS

It is recognized that measurements of sonic boom signatures on the

ground may be affected by variations in the aircraft operating conditions

as well as by the atmosphere. An experiment has thus been performed in

an attempt to evaluate the effects on measured signatures of perturbations

of the aircraft about its normal flight path. In order to accomplish this

study use was made of the test setup in Fig. 12. The aircraft was flown

at a given altitude and Mach number and on a given heading directly over

and along a 7000 ft long array of 40 micrcphones. The aircraft,which

was specially instrumented to record its motions, was flown both in

steady level flight and in "porpoising" flight. All flights were ac-

complished at an altitude of 35,000 ft and a Mach number of 1.5 with an

F-106 aircraft. For the porpolsing flight, the pilot caused the air-

plane to deviate from the nominal flight track by cycling the controls

to produce a O.5 g normal acceleration at the center of gravity of

the aircraft. These induced motions have a period of about one second

and thus the wave lengths of the motion were about 1600 ft for these

particular flight conditions.

Ground overpressure measuarements for the two types of flights are

shown in Fig. 13. The data points for three steady flights and for

four porpoising flights were obtained from individual microphones located

at. variour stations along the ground track as indicated schematically

In Fig. 12. It can be seen from Fig. 13 that approximately the same

ranges of overpressure were measured for each of the flight conditions.
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Furthermore, an inspection of the data of Fig. 13 suggests the occurrence

of cyclic variations of the overpressures for both flight conditions.

Such cyclic variations have been documented during this and other flight

research programs (see ref. 1). It is significant to note, however, that

cyclic variations that occur during the steady flights seem to have wave

lengths that vary considerably. Since it is believed that the porpois-

Ing flight condition might produce a cyclic variation of overpressure

at a preferred wave length on the ground, the data of several such flights

were analyzed in such a manner as to accentuate this effect if it existed.

These results are shown in Fig. 14.

The individual histograms of Fig. 14 represent variations in the ab-

solute values of the differences in the overpressures measured at pairs

of points which are separated by the distances indicated. If the effects

of the airplane motion were faithfully transmitted to the ground, it is

reasonable to expect that smaller differences in overpressure values

would be obtained at some separation distances than at others. The sam-

ple data of Fig. 14 represent separation distances varying from 100 ft

to 1600 ft for comparison. In order to better define the trend of the

variations of Fig. 14 the data are presented in a more convenient form

in Fig. 15.

In Fig. 15 the quantity a ,. which is the root mean square over-

pressure difference, is plotted as a function of separation distance

for the distances for which data are available. The curve of Fig. 15

seems to represent generally the variation of aA1 as a function of dis-

tance for both the steady and porpoising flight cases. Both sets of

data are seen to increase monotonically as a function of separation

distance. Such a result strongly suggests that perturbations about

the flight traca nf the order of those illustrated in Fig. 12 do not

propagate faithfully to the ground from high altitude. It is thus be-

lieved that the variations discussed previously in this paper are due

mainly to atmospheric effects rather than to effects of aircraft motion.
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CONCLUDING RfIARKS

The experience derived from several flight test programs regard-

ing sonic boom signature variations has been summarized. Variations

were noted to occur in the peak overpressure, the impulse function, the

time duration, and the bow rise time. Such variations are noted to be

induced by the atmosphere. That portion of the atmosphere below about

2000 ft is shown to be most influential although in some cases the

higher portions may also be important. Aircraft motions, in the form

of perturbations about the normal flight track, are shown not to con-

tribute significantly to observed sonic, boom signature variations.
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Annex C
Part I1

PRELIMINARY RESULTS OF XB-70 SONIC BOOM FIELD TESTS
DURING NATIONAL SONIC BOOM EVALUATION PROGRAM

INTRODUCTION

This write-up has been prepared for the purpose of documenting some

of the physical measurement results to date from XB-70 sonic boom flight

tests of Phase I and Phase II of the Edwards, California, Sonic Boom

Program conducted in June, November, and December 1966, and January 1967.

Included are brief descriptions of the test area, the instrumentation

deployment plan, the flight track, and aircraft operating conditions,

as well as presentations of sample data and preliminary conclusions from

the data analyses to date.

The objectives of the above flight tests involving the XB-70 air-

plane were to verify the available sonic boom overpressure and signa-

ture shape prediction methods for large aircraft of the supersonic trans-

port class and to evaluate the effects of the atmosphere on the sonic

boom signatures for such a large airplane.

TIST CONDITIONS

Data were obtained for a series of 20 flights of the XB-70 air-
plane for the Mach number range 1.38 to 2.94, for the altitude range

from 31,000 to 72,000 ft, and for a gross weight range of about 300,000

to 420,000 lbs. Measurements wtre made of the sonic boom signatures at

the ground level (EAFD elevation is approximately 2300 ft above sea

level) over an extended area using about 65 ground microphones and of

the flow field near the airplane with the aid of an instrumented probe

aircraft. The nine ground measuring stations were positioned as shown

in Fig. I in order to obtain a large number of measurements on or near

the ground track of the airplane and also to define the lateral exposure

patterns to distances of about 25 siles to each side of the flight track.
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The airplanke was flown under radar control generally over the main

Edwards Base on a heading of 2450 magnetic for most nf the flights,

and on a parallel track displaced about 13 miles laterally for the re-

matning flights.

GROUND M]EASURFLENTS

Samples of the measured signatures and illustrations of the main

findings to date from the ground measurements are presented in Figs. 2

through 8. Figure 2 presents tracings of typical sonic boom signatures

measured at two different lateral distances and for two different flight

conditions of the airplane. These data are believed to be representa-

tive of those observed for relatively quiescent conditions of the atmos-

phere. The signatures on the left relate to flights at Mach numbers of

about 1.5 and altitudes of about 37,000 ft. It can be seen that the

signature measured on the ground track is of the so-called near-field

variety, that Is, it is more complex than the conventional N-wave.

Near-field signatures of the type observed are predicted for these

flight conditions bv Mr. L. McLean using the generalized theory of ref-

erence 1. The lateral distance data as illustrated by the bottom trac-

ing of the signature, do assume the characteristic N-wave form. The

data on the right hand side of the figure relate to altitudes of 60,000

ft and a Mach number range of 1.8 to 2.5. For these latter conditions

the characteristic N-wave form is observed on the track, whereas at

lateral distances in excess of five miles there is evidence of near-

field effects. The reason for the existence of an additional relatively

weak shock wave for these latter observer locations is not fully under-

stood at present, but it may be associated with the variable geometry

features of the airplane.

From data such as those of Fig. 2,the overpressure values, as de-

fined in the figure, were determined for a large number of measurements

at various lateral distances and are presented in Fig. 3. The data at

the top of the figure relate to four flights made at 37,000 ft and a

Mach number of 1.5. The data at the bottom relate to 13 flights at

conditions of 60,000 ft altitude and the Mach number range 1.8 to 2.5.
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The data points are coded to represent the averages of from 3 to 40

microphones as indicated on the figure. Also shown are calculated

curves by McLean using the generalized theory of reference 1 corrected

to a standard atmosphere using Fig. 13 of reference 2. The cut-off

points due to atmospheric refractions, as calculated by the method of

reference 3, are shown as vertical dashed lines. It can be seen that

the overpressures are a maximum on the track and decrease with increasing

lateral distance as predicted generally by theory. The measured and

calculated values of overpressure are in good agreement with the excep-

tion of the region near the lateral cut-off where the measured data are

seen to fall below the theory.

The data points of Fig. 3 are in all cases averages of several in-

dividual readings which for some flights varied considerably from one

measuring point to another. The type of variation observed is illus-

trated by the tracings of the sample data records of Fig. 4. It can be

seen that the waveforms vary from the conventional N-wave shape to in-

cludein some casespeaked wave forms as indicated at the top andin

other casesrounded-off wave forms as illustrated at the bottom. These

sample variations are very similar to those previously observed for

other atrcraft which were smaller in size and weight (see references

-4 and 5). Varying wave shapes such as those illustrated in Fig. 4

have associated with them variations in the overpressure AP, time dura-

tion Lt, and impulse functions I . These latter data have been tabula-o

ted for a large number of flights and their variability is illustrated

in Figs. 5 through 8.

In Fig. 5 are shown probability plots for the overpressure and im-

pulse data obtained in the three flights of June 1966, at the on-track

(0 to about 4 miles) measurement stations. These flights were conduc-

ted at M v 1,3# at 31,85t) ft, M a 1.81 at 52,920 ft, and M - 2.94

at 72,000 ft. In each case the probability of equalling or exceeding

a given value of the ratio of measured to calculated quantities is

plotted. It can be seen that the impulse data have generally less vari-

ability than the overpressure data. This finding is consistent with

thN•t' #it references I andt 5. It should be noted that the ordinate is

C-I1-6
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a cumulative function and hence, care should be taken in interpretation

of the significance of the multiple data points at the extremes. Data

points plotted at .05 psf increments represent the cumulative probability

of all events having values equal to or exceeding the value at which the

point is plotted.

During the flight tests it was noted that the amount of variability

of the data differed depending on the time of year of the measurements.

This is illustrated for the on-track locations (0 to about 2 miles) in

Fig. 6 for the overpressures. The circle data points relate to the June

1966 time period,whereas the square data points relate to the November

1966 to January 1967 time period. The latter data relate to four flights

at M = 1.5 at 37,000 ft and 14 flights on the Mach number range 1.8 to

2.5 at 60,000 ft. It is obvious that the latter data have markedly less

variability. It is believed that this is due to the fact that the at-

mosphere is more stable during this latter time period,due,at least in

part,to the reduced convective heating in the lower layers.

The opportunity was also taken to document the variability of the

overpressures for a given set of flight conditions, but for locations

at some distance from the flight track as well as for those on the

flight track, and these results are given in Fig. 7. Data for measure-

ment locations about 13 miles off the flight track Odiamond symbols)

are compared with those on the track (circle symbols) for conditions of

60,000 ft altitude and Mach number 1.8 to 2.5 and for the November 1966

to January 1967 time period. In addition to the probability curves

histograms are also shown for Information. It can be seen that the

probability distribution for the measurements obtained at distances out

to 13 miles show larger variability. This is consistent with results

of other flight tests (see reference 4) and is believed to be due to

the longer ray paths traveled by the waves in the lower layers of the

atmosphere in order to reach the lateral stations.

The data records available for the flights at 60,000 ft at M m 1.6

to 2.5 have also been analyzed to evaluate the variability in the time

duration of the waves since this is of obvious importance in the atruc-

C-11-9
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teral resnprnse problem. The results of these analyses arc given in

Fig. M. The data at the tot. of the figure relate to the on-track con-

dit itn, whereas the data at the bottom are for the 13-mile ofFset con-

dition. Thb, At increment selected was .008 see. It can be seen that

variatii)n.m in the time duration values from about .26 to .32 seconds

i:Cre observed tor both measurement conditions, These amounts of vari-

abiLity are generally consistent with those noted previously for smaller

aircraft (ret. 6).

I N-FLIGHT MEASUREMENTS

In order to obtain data for a critical test of the generalized

theory tor predicting sonic boom wave forms, the opportunity was taken

to make in-flight flow ticliJ mcasure'ments for conditions where atmos-

pheric effects are minimized. The XB-70 flow field was probed with an

instrumented NASA F-101 aircraft using an instrument systemu of the same

type a, was used in reference 7 at separation distances from 2000 to

3ioi0 it above and below the generating aircraft.' These were accomplished

at an altitude ot 37,000 ft. Sample in-flight wave forms measured for

these tests are presented in Fig. 9 along with the corresponding ground

pressure signature for comparison. It can be seen that more complex

signatures are measued close to the aircraft and that the indivldual

shock waves from the aircraft tend to coalesce as distance from the

aircraft increases. It can 41so be seen that the shock wave signature

above the airplane differs markedly from that below the airplane at a

ccoparable distance. This result is at least partly due to the differ-

ences in the detailed geometry of the airplane and in the manner in

which the volume and lilt components interact. The analyses of these

latter data have not been completed as yet; however, it is planned to

cimpare them with comparable theoretical calculations involving the

known iperating conditions ol the airplane. Particular attention will

be given tit the L-teparable cases abo•e and below the airplane *here

the lift :-.nd v-,itme t'o4rpw•nnt.Rs ctmbine in a markedly ditferent manner.

C-II-i?



1001
(a) On troCk.

80

60

40

20

6,0 -(b) 13 mmiles off frock,

40-

20-

FIG. 8 HISTOGRAMS SHOWING THE VARIABILITY OF THE TIME DURATION VALUES
OF THE SONIC BOOM SIGNATURES OF THE XB-70 AIRPLANE AT TWO

LOCATIONS RELATIVE TO THE GROUND TRACK

(b)13 ile of trck. -1



to

7-

0t

0

IX
I<

Wt

LU

/ ~Ix
wZ

<0

Lu*.

NA / U.

LI

C-11-14



CONCLUDING RE1IAPKS

The signature shape variations ant! the associated vwriatiens in

overpressures, impulses,and time durations are similar in nature to

those observed previously for smallier airplanes. Vzriability in the

above quantities was markedly greater in June than in the November-

January time period and is thus believed to be related to atmospheric

effects. For cases where a large number of overpressure data points

are available, the average measured values correlate well with current

theory.

C-.I -15



REFERENCES

I. Middleton, Wilbur D.; and Carlson, Harry W.: A Numerical Method
for Calculating Near-Field Sonic-Boom Pressure Signatures. NASA

TN D-3082, November 1965.

2. Carlson, Harry W.: Correlation of Sonic-Boom Theory with Wind-
Tunnel and Flight Measurements. NASA TR R-213, December 1964.

3. Randall, D. G.: Methods for Estimating Distributions and Intensities
of Sonic Bangs. R. & M. No. 3113, British A.R.C., 1959.

4. Hilton, David A.; Huckel, Vera; Steiner, Roy; and Maglieri, Domenic
J.: Sonic-Boom Exposures During FAA Community-Response Studies
Over a 6-Month Period in the Oklahoma City Area. NASA TN D-2539,
December 1964.

5. Hilton, David A.; Huckel, Vera; and Maglieri, Domenic J.: Sonic-
Boom Measurements During Bomber Training Operations in the Chicago
Area. NASA TN D-3655, Oc.tober 1966.

6. Maiglieri, Domenic J.. Hilton, David A.; and McLod, Norman J.:
Summary of Variations of Sonic Boom Signatures Resulting from At-
mospheric Etfacts. Presented at the 5th Meeting of the (FAUSST)
French Anglo-Saxon United States Supersonic Transport Committee,
Washington, D.C., February 27 through March 3, 1967.

7. Maglieri, Domenic J.; Ritchie, Virgil S,; and Bryant, John F., Jr.:
In-Flight Shock-Wave Pressure Measurements Above and Below a Bomber
Airplane at Math Numbers from 1.42 to 1.69. NASA TN D-1968,
October 1963.

•-ll-17



Annex C

Part III - SUMMARY OF CRUCIFORM DATA

National Aeronautics and Space Administration

Langley Research Center

Langley Field, Virginia



Annex C
Part III

SURARY OF CRUCIFORM DATA

Table C-I11-I for Phase I of the Edwards experiments and Table C-III-2

for Phase II give the listing of measured quantities in order of mission

number for each of the cruciform microphones. The map of the cruciform

is Fig. A-2. Th- quantities measured are illustrated in Fig. A-5.
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Tub1e C-111 -1

SUM-MRI 1 OCRCIFORl0lM DATA, EDW4'ARDS IIASE I

MdI-,1 Afri.~ Altitluade .%bch MitvraItpene, .p It Riset Time
Datqv x". -)raft ft Nce. %0. I b/ft 2 Se(. s4C..
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MC6 1.363 -- --
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Table C-111-1 .lC00ttiluci)

%Itit Ss1 t(f tin ce Altttudc MWach Microphone. tA Rt..t Time

Rate Aicrf 'It. X.. lb/ft S.C.e. s.

6--6 43 0-511 mtsed B(Mem

74 5 32,ý106 J.1. 3201 :.16 t 195 .011
MC5 3.26 .194 .010

MC 1.67 -- --
S2.0- 2 3t.12 .1941 .001

12.0-3 3.33 .19-15 .o66

120-l 3 :.09 .1941 .004

44 U-58 '13,466 1.57 12.0-i 1.5N~ .197 o0u7

&C.-5 196 .196 .0065

1L0- .6 --

12.0-2 1.3 .196 .0)06

12.0-3 1.65 .195 .06o5

.12.-4 1.90 .1955 .004

ITS B-511 31,1146 t..6 12.0-1 2.67 .157 oo06

12.0-5 3.(i"0 .1575 o0,4

NILC-6 2.02 -- --

M12.- 3.02 .157 .001

.12.0-3 4.9-1*/3.33 .15? .0005*/.001

12.0-4 3.05 .1575 .0035

.12 0-511 .13.2661 1.5:1, M2c-1 1.813 .18135 .0066
....... ......I XC 1.05 1.8o6 .1113 .0665

N6~. miEast 1101-6 .930 -- --

MOL-2 1.'ih .1813 .007

12.0-3 1. 63 .11125 .011

C12.- 1.911 .11155 .0065

73 0-511 31.1860 1.413 %I.C- 1 2.95 . 160 .006

12.-5 5.* 1:t.72.160 .oous / ".661

1.&C-6 2.29 - -

WC2 3.1-1 16 .0005

12.0-3 3,03 .160 .006

x12.-1 3.25 .16U .004

-7 -66. 76-A D-w1 31 l506 1.1$ Me,- 1 2.0h1 .164 .0065

11.0-3 2.111 .1635 .006

SILC-6 1.61 -- --

12.-2 3,10 .164 .0011

120- 3 4.31 .164 .0015

1.A0- 1 3.47 .16.35 .001

45-B 8-514 43.660 1.70 L 12.- 1.75 .1715 .005
?4.0- 3 2.01 .172 .00tk5

12.0- t 1.66j - .

IU.-2 2.29 .171 .001
12.0-j 2.27 .172 .0035

W6.0-4 1.96 .071 .009

77-9 9-511 31.6w 1.51 1.-1 211 .156 .011

12.C-5 2.75 .156 .010

12.0-6 1.40 -1
:12 .26 .155 .003

)".- 3 3.2 . 156 .005

- 16.-4 2.7 1.1343 .0127

C-111-3



Tiohlv C-11I-1 {Coi'tiiltiwd)

"M, -; I mllA At I tiid Mich Mi crolphuit Ap At i1 st Ti Time
No, I I I N,,. No. II)/ It S.t.C. S,c.

7 66) h6;-11 1t-5 1:1,720 1. 65 ,%lC I 1.35 .1715 .0005

5U.C 1 1.i62 .172 .011

M eC- 6 , I.-I .171...:

fill.c- : 1.81 .171 .0Oil6

?,U.C I 1.71 .172 o.0016

I?-A No Bhlrm

7:9-A II -im 31. 600) 1. 52 %al.C- 1 2.,37 .170 .02h

allC- 5 2..t19 .1695 .029
5LC - 6 1.16 -- . .

SLC--2 2. 15 .169 .027

.%ll-:] 2.15 .1695 .011
%le-.1 2.66 .169 .017

19!-A 11-1 f 3. 3 Wt1 .l r; %lC-1 1.-11 .211 .1Oo

NaC 1. -19 .212 .032
lit.C-6+ 1..12 ....-

MIlC 2 1.33 .2075 .02.1

Mile-3 1. 39 .212 .015
MR.C-I 1.59) .2113 .035

N)-A 11 5$ "31 ,t i 1.53 %a.C. 1 2.39 .156 . off M.)

IfllC- J 2..1) .1555 .0115
tL~c-I f . 1.35a ..

,D.C-2 3. It 1* 2.-IN .1155 .t)00V.00i3

IXLC-3 2. W) .1365 .019

.%U.C-1 3. 11 .1355 .011

50 -A B- 58 13, 3111 1. 1' NleC- 1 .930 .197 .0 10
.C -5- * 9q3i 1.92 ,0211

MllC-; , 113 --..

MIXC-2 1.02 .197 .0-15
11iUC-3 .aWJt , 1993 .023

4IC- 1 1. 1 .196 .t193

I-A Il-,M I. t I1 1 "' 119 !,a.C ( 1 1., 7 151 .0531

ile.C- 2.07 .0150 .0-12

%lO.C-4 .51f6 -- --

U,.C-2 1.8) ,15t .015o3
MlUC-3 1.97 .151 . 03 I

M4.C--I 2.29) . 150 .017

1,8 6. LI-A 11l-8N 12, l38)I I. 62 %ILC- ......

le.C- a 1. 7o .177 .015
M .C- 6 1.53 - --

%U." 2 1.74I .171 .0121
%al,(, : 1 . 7 . ,1 7 6 ,t I l

I .C- 1 1.63 .175 .012

.,' A• II "?4 .31.20' 1.-Il fIILC- I....

%jLC- 1 1.73 7...
lB.C-2 31.1 .1i6 .. 1515

%I(- 3 "1t.37 . 156-5 .009

.__._ __ - OX. I :1. L3 . 157 .(t7

C-Ill-.l



l11 Mision t cr Alttitude~ Muich Mivrloph'one p 2 !t Utse Tim

1G-8-66 42-A B- 58 4:1.260 1. 67 mw~-z I- --

MLC-.) 2. 09 .179 .0fi9
lg.C- 6 1.114 -- -

1UX-2 2.73 .179 .0Y66
NL 3 2.34 .179 .0035
hik 1 2.06 .179 oom1

73-A B-58 31,200 1.5 1U.C-1 -- -- --

SL 5 2.3-3 -.147 .0155
1U.C-6 1.23 -- --

&U.C-2 2.23 .1417 .011
IlLC-3 2.16 .146 .014
!U.c-4l 2.23 .1417 .016

41-A B-58 43,200 1.6 1U.C-1 -- -- --

!4LC- 5 1.741 .166 .00)6
&LC-6 .963 -- --

MC2 3.03 .166 .005

1ULC-3 1.82 .166 .006
MC4 1.91 .167 .006

72-A 8-5 31,200 1.49 MUC- I -- -- --

fL~C-5 2.96 .144 .006
AILC- 6 1.58 -- --

AILC- - 2.88 .145 .0041
NIL.C-3 3.21 . 1441 002
IU.C- 1 2.55 .145 .0041

57-RB B-58 37.000 1.66 suLc-1 -- -- --

S8.C-5 1.78 .161 .023
ý&l C - G . 83 2 .1 6 2-

NIC2 2.18 .- 6 .001

NULC- 3 1.51 .163 .030

xl.c- 1 1.67 .162 .0085

80-R8 8-58 31 ,:It)) 1.4; SUC-1I -- -- --

1ULC-5 2.52 .161 .005
.NUZ-6 1.31 -- --

5.&C-2 2.58 .1)0 .014
Nc 3 2.64 .160 .0075

=L-4 3.15 .161 10025

56-RD B-58 413,010J 1.641 AI.C-1 -- -- --

IULC-5 2.61 .171 .8004
1uLC-6 1.40j -- -

1ULC-2 2.014 .171 .0 133
1t.C-3 1.90 .189 .0ub
IILC-4 2.06 .171 .4m065

87-RB 8-58 31,4140 1.49 NILC- I- -- --

1U.C-5 3.09 I-IN .0175

MC 4.27 .1418 tK111
MC3 2.81 .1414 .006

- LC-4 13.19 j *148 M07

C-1 11-5



Table C-Ill-I (Continued)

Mt .'ioll Altitude Mr l Mc i M c rophone2 A p . Rise Tim-.
Arrl .t N,. So. ib/ft sec. Sec.

;- M- IiI1 3i- l B -;l, 13,200 1. i. 1 lokC- I......
MLC 3 2.18 .170 .(X)3
.W•C- 6 1.71 .. ..

.%LC- 2 2.63 .169 .0125

%BC-3 2.68 .166 .0015

llC- . 2.06 .169 .0055

811-R -58 A :i .360 1.4.19 W.C- I-......
MLC-5 2.87 .1-' .009
ta'c, i 1.62 ....

MllC-2 2.63 .1-11 .till

tILC- 3 3.03 .144 .0035
I'IC- I 2.-IN .1.1-I .006

i-9-6 6-SRP B35M 31,rO0 1.5 w.C- 1 3. It--" .153 .0035

L9C- 5 3.72 .153 .(905
.LUC-I. 1.9.1 ....

%U.C-2 -1.09 .153 .00.15

M3C-3 5.32 .152 .005

.rU.C- I 3.31 .1535 .00-1

I!-s"ill 11 ,K 33,720 1.6!0 %,U.C- 1 1.12 .1393 . 32

tI.C- 3 1.16 .1393 .030
t1L.C- 6 .7-I . ...

•U•C-2 1. 13 .t lot .(1:t
.1.c 3 1.73 .1395 .0083
tl.c- 1 1.351 .1 l05 .0"'A

B-3t 31,,ll 1.53 L2C- 1 3.02 .117 .015

%ILC- 3 2.93 .146 .006
•IU.- 6 l.38 .. ..-

Me- 3 3.12 ,1-133 .00.
W.C-'i 3.72 ,1165 .tis6
MUC- I 1.112 .114; .001 "

U- 5,4 13 . .IJ 1.72 MU.c- 1 :1. It .103 .0 t2
'.C5 : 21;1 .161 " .003

MC.I" I 1¢.,3 1 5 .Ot3'
-r 2 2. .iPl * ,103 .03137

%or-:. -1.!m .16 .00I73
"%3- 1 2. 63 .161 tX.I-I

IA- SI -U,1.l16 1."; t.I',1 . *ps I It's .llo i

%o -C2 3.13 ,1I t, .IT
%2- - 6 23.118 -

-I. 5. 1 ., ltO .0 2 1 - -
lo.C- 3.61 ,1141 .uW3
it.63 13--M"-% . t111

:; .i It -.t I.t. ;'mo I. 7'. tl',( 1 1,k ,M l3l'I3 .48.85'

%Io- 30 1.56 .1 ll t .tln;L'ii,___- : ' t~ .. .
'I.e-;i 2.13i . I.." .tu~t.13a1 ,uItt

JI M



Table C-Ill-I (Continued)

Date Mission Aircraft Altitude Mach Microphone A.p 2 t Rise Time

e No. ft No. Vo. lb/ft see. sec.

6-9-66 41-SA B-5 42,920 1.52 Mw- 1 1.73 .18o .011
MW-5 2.93 .18015 .001
t-6 L,174 -- --

VEC-2 1.79 .1805 .005
MtC-3 2.23 .181 .0045
MW- 4 2.19 .1805 .002

73-SA B-58 31,720 1.5o 1.-1 3.05 .156 .017
IMC-S 2.83 .1555 .0045
MW-6 1.47 -- -

MW-2 2.69 .155 .0045
MW-3 3.61 .155 .014
EtC-'. 2.76 .155 .018

42-SA B-58 43,060 1.52 MW- 1 1.99 .1755 .015
MW- 5 2.04 .176 .018

NW-6 1.21 -- -

.-2 2.23 .176 .005
=-3- 2.49 .176 .0175
4LC-4 2.08 .176 .0015

75-SA B-38 31,680 1.55 MW.C- 3.6 .149 ('103

tCW-2 2.9• .14"8 .005

SC-3 4.24 .1485 .012

=-4 3.78 .149 .K04

Note 72-SA Aborted

43-SA S-ilq 43.000 1.6es I1LC-l 3.30 .157 - .003

S.C-5 2.35 .1565- .001
StES 1.17

2-2 2.99 . 17 .004
MtC-tI 2.31. £ .137 .4)01

6.C-4 3.01 .157 A.00

42-SA 5-54 -13,3w ) .T1.7 Ait-I 1,87 .1645 W.7;

3LC-S 2..?7 .15
MWC-S 1.01 - -

XIt) LOS .1643 .017
St-3 2.05 .1635 ml1
.I1.-41665 .013

45ý-Sk 5# 42r. 960 1.#* SC- 1 1.80- Is .03-

S.C- i~e .1535 .w*

S.C-2 3.26 asS, ot-

St-i htU .23955 .*3Ps

13I -8 31.32w 1.53 Nc-i1 a.1t .1455 :.(@g4S

MIt- S 2.7'ih .Or#

CL-tI:-



Tabh I C-111-1 W(alt ul,,jw)

N, I' jA] t I tude -ich Ai crophi in Ap At His c Time

hal No. Alircraft { ft %to. No. lb/ft 2  See. sec.

6-1:-(3 1-A 11-521 37,7.10 1.6I 1 11.C- 1 2.59 .1605 .005

UILC -5 :1. 36 */2.77 .1605 .U1J04/.(Iou8

19.0- ; 1.815 - -

1%1.C- 2 2.71 .1 41A .0035

MIX.-3 2.83 .1fit) ()(?(:I
.11.C- 1 2.78 .Pit) .00.1

B--1 1151 v), olo 1. 66 Nu.C- 1 2. 16 .1955) .000)15
5 1.* 9; . 195.5 OU05

A9.L'-Ii 1.411 - -

%1.C - 2 1.8148 .195 .0055

IU.C-3 -J. 00 .1955 .007

M.l.C- 1 2.31 . 1955 .0035

21-A 11-58 3 7.8i Io 1. 69 AU.C- 1 3.0(0 .14155 .0001)0
%il.C- 1 2.55 .1416 .00(65

,%, ; 1.31 - -

.11,0-2 2.76 . 116 .()():15
3U.C- 3 2.98 . 116 .oo1
.111.C- 1 2.91 .1416 .003

21 -1B B-58 19,16(A1 1.72 .. L.C- 1 1.143 .195 .00-13
lU.C- J 1.141 .195 .0101
%1.C -4 .936 - -

fL.C-2 1.83 .19-13 .00415

Ntl.0- 3 1.98 .193 M.01-
%II.0- 1 2.1(3 .195 .0-15

29-A B-5 as 9, 304 1 1. 67 li1.0- 1 1.8 .k 195 .003(5
111.0-:) 2.0)1 .193 W(35
NIX0- 4 1.tl I -- --

M.1C- 2 1.73 .1953 .00111
111-.i- 2.031 195 W3855

111C-- 1 !.1 .955 .0(13

29-1 Ill -5A. 38,1111 1.6 .100- 1 3 -ili 2.9:3 .136 .(K002*/.t1l1
11.0-5 34.u7 .156 .184315
M0c- 1; 1,52 - -

!.UC- 2 2.58 15 .111033
3.641 36 (1

'ne- .3aa 3.23 .136 10281

A 8 1,81 1.001AI 1 1.0-I 1 1. 141 IN5 tK2/.JX13
10.0-5 1.91 .12 83
vw.- 6 1.11 to

'.11.0-3 1.91 .1182, 0~

ID.C.- 3 3.1 32 .4181I
1..01 .93 .11625 twit3

¶4LC-5 2 . W 'J2.5 .1l19 .4N88(2 .4101

-& 'no ti. 39~ .119 .181:1

-a, W :131



~Thble C-Ill-i (Continued)

Oa. mi.sitll icrf Alt 3 mdt. Mach 4licrophont.c Ar !l Rise TimeWi, No. Aicat It MO. Mt. tWit 2  
sec. see.

6-202-66 428-A 11-584 411.340 L.55 AtC-I1 2.71 .179 .4)1:1
itt-S 2. f11 .179 .0042
lalt-6 1. -12 -)

NWt-2 2.52 .1785 .42425
Mte-3 2.66 .179 .0N25
Ate-i 2.913 .1775 .(H)5

79-A 6-524 32-,1252 1.25 Ate-I 2.57 .1535 .002
AtC-5 2.52 .1535 .1104
Itt-f 1.37 -- -

tte-2 2.27 .1535 .006
itC-3 2.54 .1535 .0K25
AIJ .1- 2.50 .1535 .9205

53-A B-5N 42,71m) 1.592 Ate-1 1.19~ .1755 .0212
Ate-5 1.49 .1755 .0242
AILCG- .5mm4 -- -

I.te-2 1.39 .1755 .1)21
Ate-3 1.541 .175 .023

m-1 1. 43 .1755 .0221

8-1-A 11-58 31,220 1.33 tLC- 1 2.6M2 .1445 .00215
Ae-S5 2,324 .1445 .017
Ate.-6 1.37 -- --

Ate-2 2>.36 .14-15 .4242
MItt-3 2.66 .141 .0255
Ate-i1 2 .5t . 33 .019

541-A B-54 413,0002 1.59 Mte-I 1.2h4 .1631 Ixl0,5
.ae- 5 1.31 .1635 .04175
AUX-6 .71m4 -- --

Ate.2 1. 36 .31.1 .005
Ate-3 1.121 .16-13 .0(k255
Nwtt-i 1.49 .1-145 .0065

39-3 fl -SN4 33,3422 1.41 AteC- 2.31 .2175 .007
AtC5 .31 .2176 .0210
Il -6 1.421 -

VIt-2 2.21 .2114 .0015
tc- 3 2.231 .21K .43075

38tC- 3 2. 37 .2173 .00415

914-11 B1-SN 31. 3it2 1.5o2 mwe- 3.27 .131a .04)(25
jLS 3.03 .1535 .0125

1St-7 2.71 .1313 .0)21
M.C-3 3. 23.1 3131 .421)4
mm- I 2.q% tliS olI

8222 -511 31.324 (1215 lC- 1 2.73 .385 D423a
mt-S 'I 3.772i .III's 2)
Vr-fi 3.31 . -

Wtr-3 3.32 .1 .41tx22

wlr-i1 2.62 133 Vs, 2ol3



T:abla C?-ll11-1 (('orl Im ,,

.lts's I ,I) Ali A] t J tude Mauh Mh" riphamlh,, ".t Rise Timew
N4. It N, . I .o. lb/It 2  

se c. sqC.

u-20-66 W5-A B-51 32.32Z 1 1.15 %.LC- 1 2.22 .113 .016
tIC- 5 2.37 .1.12 .0115

1.- 1.27 .

utC- 2 2.33 .14135 .01.15
MUC-3 2. 66 .1.12 .011
%U.C- I 2.3M .1.135 .016

; 93-Il B-H 3 32.1 71 1 ,55 * Le C- 1 2. IN 1415 .05)
N14C-15 2. m3 .1515 .47,1
%IlC- 6 1. 17 ..

%lC- 2 :.14- . -115 .013
%WLC-3 2,172 .151 01)6
.tU.C- I 3, b, .1.105 .00.15

5-0 13-..m 131 74P 1.7 .1; UC-I 1 .938 -175 .0106

.%ILC-S 2.5(3 6. 1715 .007
NIC- 4; 1. 11; - --
11,17-1, "3.01 i/ 152 .OlIA

.IILC-3 2.67 .1151 .013
111,C- I 2.98 .1515 .012

53- R B-5N 13, 010 1.67 IlltC- 1 1.93 .175 .006
MI.X-)3 2.20 .17.15 .002

.tIC- 3 I/. 216 . .7
XI.C-2 1.31 .175 .012
AUX.- 3 3. 79 .1713 .u003
M.e 1 1.91 .175 .0075

99-Ia 11-am 31.T7uo 1. 17 %UC- 1 2.16 6 1165 .025
%B.C-5 3.1 1 3.16 .1 111 /.007

.tI.C- ; I.j. -- ...

.. 714 .A 7 IN5 .(K)3
tU..-3 3.19 .1 Ii .0015
,lC.1 I 3.49 . I-IN .00-1

S%11.C- 1 I. I1 .1673 .0)1
t.U.C-t I . W . 163 " .0*5
Nmx- 1; .575 ..

141C- it .a .18 675 .0125
M•c- 3 ,1 .167 .025

%B.C- 1 '.I1 I111)3 .*430

. 1-14 II 431,t611 . 12 %a, I- 1 33 ,.1t7 .00215
TC'-5 2. !k; * . 1-65 33
ia 3- 6 1.39' .. . .

Wt, .i * I,. * 161 .W5 .II

*•.OA I 3.11I .1445 .43415

614t- n 9;-:44 1 1 . 6.2 1..t- 1.32 .1975,.

%O.C.t".I 11 to, 10;7 m ,
%B." ,II .tic.m

t 4A -i-,

12X-'47



Table. C-11l-1 (Continjued)

Oue mission Alr AtAltitude Mach Microphone ftp 2 tt Rise Time

NOte Atftf No. Xo. lb/ft
2  

see. sec._

6-21-66 69-3 1-58 39,440 1.39 ?"t-1 1.53 .1855 .023
Mt-S5 1.59 .186 .008
Nt-S .537 -- --

Mt-2 1.58 .1855 .018
Mt-3 1.60O .1855 .016
Mt- 4 1.66 .1855 .013

48-A 3-58 43,140 1.60 Mt-i1 1.45 .178 .003
MO 1.57 .1775 M06

Mt-S6 .785 -- -

Mt- 2 1.16 .1775 .011
MtC-3 1.81 .177 .002
Mt-4 1.44 .1175 .022

40-A 8-58 43.840 1.65 Mt-I1 1.55 .171 .012
Mt-S 1.77 .171 .006
MtC-S 1.05 -- --

Mt-2 1.57 .171 .005

Mt-3 1.83 .1705 .009
Mt-4 1.96 .171 .0065

60-B 8-58 43,940 1.64 Mt-I 1.55 .185 .007
Mt-S 1.46 .165 .013
Mt-S .759 -- -

Mt- 2 2.24 .1655 .004
Mt-3 1.43 .165S .017
M=-4 1.82 .165 .0095

61-B 3-58 43,260 1.62 Mt-I 2.46 .1825 Q'S9
MtC-S 2.05 .1815 .011
Mt-S 1.10 -- --

itt-) 3.32 .1315 .0025
Mt-3 1.93 .1805 .020
'LC-4 2.331 .181 .007

101-S 8-58 31.700 1.5 3tt-I 2.68 .14653 .019
MtC-S 2.48 .1485 .015
Mt-S 1.39 -- --

Nt-) 2.49 .148 .019
iU-3 2.72 .149 .001
MC-4 3.76 .1455 .020

55-A 5-53 31.70W 1.5 S.C-i 2.33 .146 .023
S.C-S 3.74 .144 .020
JL0-S 1.57 - -

Wt-) 2.64 .1455 .005
WX-3 2.55 .144 .005
Mt-4 3.12 .1453 .001

6-22-66 25-A 51-34 37.000 1.43 Mt-i 3 .24 ..163 .013
3"-S 2.73 . 142 .0118
M80-6 1.45 j -- -

SC-2 2.36 .143 .0245
NC-3 3.2 ..1423 O005

- C-4 1692 j1B) .017

C-1l1-li



Tahbt- C-1,. I (CO.'t nud )

9i ssl . rrtAliit udt Maclih Mi crophoine I Ap 2 t Rise Time ,
Il, t t. A b/I t t sec. sec.

1; 22-60 I -A l1-71 37.2060 1.61 . .cM- 1 2.)30 .1555 .0155

,U.c 5 2.02 .156 .015
MC - 6 1.08 . .

%-2 2.20 .156 .026
IUC- 3 1.78 .1565 .0085
,al.C- 2.01 .156 .0135

6-X 11-58 13,5368 1.6t0 VIC 1 2.414 .167 .0106
%LC-5 3.36 .167 .0115
MLC-6 2.28 .. ..

%a.C- 2 1.79 .1665 .02.15
%t.C- 3 5.06 .167 .0055

.C- I -1. 12 .167 .016

31-A B-38 37. 1tO 1.65 MRC- t 2.21 .163 .0014
I.C- 5 1.92 .1635 .032
MILC-6 1.0 .. .

ta.C-2 1.98 .163 .0185

MLC-3 2.10 .163 .0295
%11.C-1 1.93 .1623 .0045

":12-I t 58 13, Ill 1.61 IC -i 1. I- .169 .018
ix.C -5 1.36 .170 .024

%U.C-i 800 ."kil

%U.C-2 1.71 -- .0105S.C-3; 1. • •) .170 .003

%aC- I 1. II lit) .0163

21-A D-58 13.30"1 1.6; 1.-4I 1..58 Nil .21
M1.- 5 1.59 time. .031

%C.C-lf 1.31 Could --

.tC -2 1.214 not .022
.lC- 3 1.17 read. .016
UC- I 1.55 .0225

:3,5- A 02-5% 13. Wit, 1.6 %U.C- 1 1.15 .165 .0225
1. 19 .165 .0175

%a,? + 1; Litll ..

MLC-2 .989 .165 .0365
.,4LC-3 " 1.57 .1645 .4155

. 1.35 .16t .023

2.1- it I "It 1,23." 1.59 .xC- 1 1.9 .179 .0135
1a.C-5 1.67 .1793 .01105
%I.C-6 4;52 ... ..

W 3 1.23 .1844 .0t9
%U- 3 1.06 .17185 .0175
I-.CI2 1.4.1 .1795 .MOt

;.-.!l f-t' .7. II. 1.6:6 tIoC-I 2.7; -117 .0053
-. 15 .15 .34ull

SC 2 2.il3 , 157 .t675
%X-3 2. 36 .1N .0115

.r- l 2. 1il .137 .0123_,

I-Il 2-I



Tublv" C-111-1 C nte itinu:)

oat,. Altitude& Mach Microphonue !.p At Rise Time

Aate No. ft No. No. lb/ft
2  

see.

6-23-66 17-A 8-58 37,SW 1.64 Mw -I 2.38 .1625 .0035
ll-5 2.241/2.37 .162 .005/.0065
Mw-6 1.17 ..
WZ- 2 2.17/2.22 .162 .010/.014
•-3 2.35 .162 .0045

w- 2.92 .162 .001

22-B 8-58 -13,360 1.67 -1 1.13"'.43 .1685 .00N25/.010
)IC- 5 1.46 .168 .0065
MW.-6 .859 .. ..

NW1-2 1.53/1.87 .168 .(K)25/.0055
M.-3 .877/1.60 .168 .002/.010
MW6- 4 1.76 .168 .0055

31-A 8-58 37.480 1.64 1C- 1 1.11/1.92 .155 .0025/.016
31.6-5 1.80 1.95 .155 .007 .011
NX-6 .990 -- -
MW.-2 2.12 .155 .006

11.6-3 2.03 .154 .008
.6C- 4 1.79 1.90 .155 .0015/.015

33-A 8-58 43,200 1.64 Mw-I 1.20 .163 .005
NW-5 1.20 1.-28 .164 .004/.0R7
1 .- 6 .755 --..

1.-3 1.U3 1.26 .162 .0055/.013
10.6-3 .701 1.25 .163 .002/.013
NW.--I 1.30 .164 .006

20-B 8-5# 377400 1.65 16I-1 1.6? 1.93 .159 .006/.019
NX-5 I.Ho .159 tx/)5
A=-6 1.07 .. .

A"-2 1.97 2.27 .159 .tX3/.OI3
0.6-3 2.26 .1595 .007

MLC-4 3.1 ? .159 .0095

36-l 8-Sb 37.41-0 1.66 3.C-1 4.37 .160 .015
1M.C-5 5.11 .tu05 .006
W-6 2.69 -. --

MZ.-2 4.21 .16 .0025
AW.6-3 7.65 .1595 .005

L,.- 4 6.12 * 160 .005

6X-2 5-s8 43.S20 1.67 3.w6-1 1.61 .166 .019
W.6-5 1. f2 .168 .019

M.C-2 2.27 .Is .006
iu-3 1.51 .1675 .0135
NW-4 2.04 .1"8 .0125

1i- 1-66 a F- lit No Tracking I.-1 1.19 .J107

MLC-5 1.16 .0#?
1,6-6 .422 --

10.62- 1.30 .0147
-Il -3 1.26 1t3S'1 LC- i 1.v I .ov?



•1 |1 ~ Al rcftAlltud , t Mll{. l ,NsbM erlphone Ap l.t Rise TITme'Da=t,, .o At ri-raft rt ,. ,. ]/f2 su e'
No..*f N... N.,. I lbft

2  
s-. Sc

6-15-fi 216-A F- 10t4 21 201 1. 'r vC- 1 1.75 .0735 .0055

%.LC- 5 i.7.1 .073 .0055

L8-6. 3 .. ..

1ULC- 2 1.88 .0735 .0035

MC-3 1.88 .0735 .0035

1MC-.4 1. 93 .07-1 .0035

26-BR F-1() 1 29,6Iw) 1. 1; Mi ssed Boom

6-11- 6; 26-A F- 1041 No Tr'uckhing MLC-I 2.111 .72

MLC-5 2.28 .072

%1.C-6 1.03 --

MLC-2 1.72 .0715

MLC-3 2.15 .072
iLC-4. 2.153 .0725

26-B F- W11 29.920' 1.5.1 .1,C- 1 1.61 .)8() .00615

%U.C- 5 1.-13 .t)795 .0055
t.[C- 6 .814- .. ..-

%ILC-2 1.418 .079 .013

LC-3 1. 45 .0795 .007

%DLC-I 1.13 .079 .006

38-A F- 10 N1 S Travkiig laxC-I 2.07 .071 .01

'DLC-S 2. I0 .07-1 .0055

%1LC-6 1.0M -- --

.'.C-2 1.9-1 .0735 .006
1tU.C- 3 1.9I1 .071 .004

'DU.C- - 2.33. .071 .00.1*

38-0 F-101 29,700 1.52 %'I.C- 1 1. 19 .0795 .019

N'D.C-.) 1.316 .0)785 .0135

'.% C- 1 .789 7. ..
%leC- 2 1.63 .079 .0085
%.t.C- 3 1.3; .0795 * 0095

1I',C- I 1, 62 .0795 .0115

:17-A F- II I 2!1, 700w 1. -W 'u.,C- 1 1. 30 t.079 (009t)
.U.C-5 1. 19 .0795 .()()1
'IDC- 6 .718 .. ..

MLC- 2 1..11 ,079 .00.1

.%,C- 3 1.28 .079 . two
M'.C- I 1.56 .0795 ot)7

:7-Il " 1 ..21,080 1.19 1,U.C 3. 31/2.93 .(1735 .0'05 .tK)2

•.%C- 5 2. Wl .75 .0i-I

M.LC-li 1.31 -- --

,.C - 2 3. 67 .')75 .t)I15

%t.c- 1t .....
.tC- I 3.99 .075 .u(t.I

6;- 1,- 46 IX-A F.' ItI l .41MIJ 1.21 %3x-I l.;2l .t11i0 Iltxl'b

%".C- 5 3.75 .01793 .tK11

'D.C- 1 1. 99 -...

MDc - :13.17 1);(-) .0035
%U.C -3 -I. It, .(SIM) .4(14K
%U.C- I .1. lot .t)7935 (10.

f-Ill LI



Table C-Ill-1 (Continued)

Dt Missi Altitude Mach Microphone .p ?t Rise Time
N... ft. N", No. lb/ft

2  seV. Mee.

6-15-66 IX-B F-1(14 28,140 1.5 6.x- I 1.32 .079 .009

UM.-5 1.5o .0179 tkI15

1,.6-6 .831 . ....
10.C-2 1.62 .0785 .0005
10.C-3 1.36 .0791 .0055
16C--4 1.52 .0785 .0105N

2X-A F- 101 29,700 1.32 L.C- 1 1.62 .090) .014
MLC-5 1.63 .090 .0115
M9.-6 -- -- --

MLC-2 1.55 .0905 .007
IILC-3 1.69 .1090) .009
MW6- 4 1.76 .11905 .0125

2X-B F- 10-1 11,090 1.20 Id.6- 1 4, 27 .079 .0035
MC-5 4. 14 .079 .004
M.C-6 2.13 - --

.LC-2 4.30 .079 .004
M9.-3 4.40 .0795 .004
10.C-4 4.30 .079 .0035

3X-A F-104 29,100 1.58 M9C-I 1.15 .075 .0135
59C-5 1.19 .0755 .0105
?.6C-6 .631 -- --

G.6C-2 1.39 .0715 .0105
59.-3 1.20 .0755 .008
10.C-4 1.23 .075 .0095

3X-B F- 104 14.200 1.15 mwC- 1 2.35 .077 .006
9.C-5 2.28 .077 .006

m.C- 6 1.20 -- --

1.-2 2.10 .077 .0115
N0.-3 2.29 .077 .010
10.-4 2.17 .0775 006

4X-A F-104 14,0W( 1.28 10C-1 3.38 .0675 .0015
M.6c-5 3.28 .0685 .0055
59.6-6 1.69 .. ..
M9.-2 3.20 .0675 .0035
M0C-3 3.19 .0675 .0035
mW.-4 3.49 .0675 .0035

4X-B F-104 29.8801 1.62 10.6-1 3.29 *2.56 .078 .0005/.004
1W.C-5 2.41 .0765 .0045
W.6-6 1.20 -- --

0.-2 2.26 .077 .0045
=0.C-3 2.44 .077 .005
,C- -4 2.46 .0775 .0035

6-16-66 27-A F-104 29,300 1.65 1.C-1 1.28 ,075 .0055
3.C-5 1.48 .075 .004
xi.-6 .797 . -- --

10C-2 1.54- .073 .001
3LC-3 1.45 .073 .0055
MW-4 1.52 .075 .004

C-111-13



T~a4'1 CA IllI A 4 I.4 I l,4W41)

%11,,.' m AI t I I wido Madch M I .. - I'll'
4

4nt. ' Ti mi'14* I t I
Da I I A I .rer I I N IIC

61 16- 4)4, 27-1H F-11)4 I 4 24.2 I' I w ot .117.1 .0043
Mill- Ii 1,1 1.47:15 n ot I

M~>2 1, i93 047:33) .00:15
Tt_- . 514; .44735 .0045

-I) I 1.*5S .o4735 * (tt 'I"

.I- X F It, 2jo470o4 1. 1;. %11,(, .14.t .01 72 of W.7)

".11A., . . -0 0 9 * 2 040 15

%11C- 2 1. 1; 1 0(71 00Jt3

TI'C- 3 1.71 .0715 .0015t

.T.C 1.71 .072 .00-15

2--S-11 I28- I '-,44 I 24.8S244 1 3:5 Nfl~c- 1 .05 477,5 .013t5
WC'5 .4 .07M .040M5

'1.42 2. 15 .0)77 0 t11)3

%Tv'- 3 :1. 24; u47H Otl))3

NqIf' 1 2. 98 i 47 7.) .00485

14- It F_ t 114 :",0044 1. 12 \TIIA 1 .31 osm.)3 .0175

5 2. *!.l ow5 * 4 .00125

.1,A' - 1.54o .44883 .(4()8

I I.to 1 .04885 .0)095
1.11 C- I 1.!ý .09 489 4)4

31)I F- 14B 2!1.7244 1 4 7 'Ut I 1.441 .41 .0)215

-TC 0:1 3o - -

*U&'- 2 7 7-' .440ý2 04:183
MC4-3 ). 95 .141:43 .04260

1.14V I 1 .1,1 1 .)4:1 .04290

42I-A F It, 1 24. 1.' 1,1 . All 2.4 I 1.4 .04444 .1418

3.4 .. 

l. 
. ....

4; 
342 

3

'1U.4'- 4s I o 7 .4414 .0111

2Ut 1I1j-I .i -o I : 1. 7144 7414.I, .42

.. 42 1.7 T17 *44

V2 4 2.14' 117S: .01172

3., I 44 1 '~ 1. T8 ' 1.' :11.442ý .14481., .1115

.%34 2 2.21 s48: .41047

C .) I I. .4142 kit;2 I.-.4

42If,2 18 4444 ~ 2



1,l, It Iv~ C-I I f ,, '-I
Dalv -.++,i A,• rv r;, I I A III I ilude iath •ll ms, Itph I•i 'I• ' h•."•

6 22 lli 25 -1 F. l 11 21 1.ot) , I .1.3-l We 1I .2t7. it .17
1.V- 1.36 .077. .0*0.

MLC-$ 1.212 . .078

1..C-3 .*7, .l t 7t .00 1
IU-C I .1I • .075. .I1* l -'.

231 1- lOi1 29,72J4 1.1 MiCr 1 .17 .0143 .1136
ML•14-'57 .087. *81 .0.19.

AlfL-6 .9 1 .. .

149 .C- 2 2.72 1 97 om 7ul I|0 . -,O+'

N.C-3 1.11 .0o43 .02..,

6-23- 66 17-11 F- 10 1 21 .0ioI 1. 1 W•O-2 1.1 .01. 3017

lIlCA- 1 1.31 2.113 . .0135

AUX -4 I .938 .

M.C- 2 1. 11 1. 18 .074; .0.2/jul;
.lLC-:1 1 *3 .076 .0051,0
U.V-I 1.82 .076 .012

22-A F-Id 1 29,260 1. 1 me-I 1.391.810 .08: .001 .400"
mW.V-5 1. 22l.I ` .08 511 ox3

,%,ýIi.781 ---

- 2 1.55 . .4 5 .()II
W+C-3 2 1-1. .o83 .0015 .0406

.IfLx 1 1.71* 1.52 .82 .0111 .1015

31- R F- it)-4 21 . 2k 1. 3• 1 , . 1V- i 17 .076 .mtr.

M X ; .517 - -

IILV- - 1.72 1,97 o07fi w03 .1444

'L.C-3 1.93 1 076 .013
1. - 63 1 2 49 2. .076 .(l1 .104;

33-1l F-tIo 1 .2!.10x~ 1.1,9 McA- I . 13- .01m .012
AU-5 1.61i .081t .011

XMIL- 2 2.11 .0141 .0v
.W.C-3 1.85 I081 .010

VLC' 1.2 192 .::1 .0085 .01

20-A F-to1 1 21,52.4 1.37 &V- 1 1.8*14 ON7 .011
WVS 1.61 1.917 .0m0 .007 OILA

W.C-i 1.47 17 -,

W.V-2 .95 1.71 .4771 .0,25 .42%
%UV-3 2-. 11 .080I .003 .01193
%I C_ I 1.S.1 o"79 .012

36- A F- 1o1 2011tl 800 4 W.VI1 1.93 .l7? tu002

IU.V-5 3.U 1 .077 titt.

'4k'- 2 1.97 2.12 .077, .0411.

111C471 1.,710 2.011 tl77.lt 3.007

MIX I.IT .l i, tl 4t



Table C-1 I1-1 (Concluded)

M1"ot . A ft Altitude Koch h•tcrophone Ap 2 ? Rise Time
No. ft. No. N'.. lb/ft

2  
s9c. sec.

b-2 -66 7-X F- 10.1 29,6.10 1.55 LC-l 1.99 .081 .008
MLC-5 1.70 .081 .016
8LC--6 .806 -- --

MLC-2 3.33 .082 .0075
L8,C-3 1.27/1.56 .0815 .009/.0205

_- MLC--4 1.70 .081 .0135

Wvoied into backyard of concrete blockhouse, after June 6, 1966.

C-Ill-IN
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Annex C
Part IV

FULL-RANGE AND AUDIO PRESSURE MEASUREMENTS

The waveforms of Figures 1 and 2, provided by NASA-Langley, show

several phenomena related to the expected response of people to sonic

booms heard outdoors. The following comments on these waveforms are based

on a presentation by Mr. Harvey Hubbard of the NASA Langley Research

Center.

NASA-Langley used a B&K microphone with a direct record card to

give the 200-Hz to 10-kHz response shown in the second waveform from the

top in Fig. 1. We shall refer to this microphone as the audio mike.

The audio mike was mounted on a stand 5 ft above the ground within a few

inches horizontally of the loading microphone IMWC-3 that was used to re-

cord the top wave form in Fig. 1. The time scales are the same on both

of these waveforms from Mission No. 7-3. The beginning of the audio re-

cord is coincident with the bow shock on the full-range waveform. Note

that the start of the audio record has two sharp peaks: the first is

from the incident shock and the second is from the bow shock reflected

from the ground. No measurable audio pressure-coincides with the re-

latively slow pressure rise just after the zero crossing on the full-

range waveform. The audio pressure from the tail shock Is about one-third
that from the bow shock. This difference is partially due to the dif-

*4 ference In amplitude of the bow and tail shock noted on the figure. There

may also be a difference in rise times of the bow and tail shock. On

the bottom two waveforms of Fig. I from Mission No. 8-3. the rise time of
the bow shock is 13 milliseconds longer than the 4 milliseconds for

Mission No. 7-3 at the top of the figure. The audio peak for Mission 8-3

is considerably smaller than It was for Mission 7-3 as one would expect

since the longer rise time corresponds to less high-frequency energy.

Note that the noticeable rise nar the middle of the waveform from

Mission N0. 5-3 shows no corresponding audio peek. The tail shock from
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Mission No. 8-3 shows a very small audio peak. This peak would probably

not be heard by an outdoor observer. Although two distinguishable bangs

from an outdoor sonic boom are usually heard, it is possible that on some

occasions only the bow shock may be heard. Particularly for the B-70

the tail shock is likely to have a longer rise time and therefore a lower

audio peak.

In Fig. 2, waveforms from an F-104 and the XS-70 are compared for

Mission 16-2 and 16-3 flown a few minutes apart. The effect of reflection

from the ground on the full-range waveform is shown for both aircraft by

the waveform from the microphone at 20-ft elevation, MLC-6. Note that

the audio peaks for the F-104 are very nearly equal in size for the bow

and tail shocks. The bow and tail shocks on MLC-3 for the full-wave

waveform have very nearly the same amplitude and rise time for this air-

plane. The audio record for the bow shock of the XB-70 is slightly

smaller than the audio record for the F-104 even though the full-range

waveform has a larger amplitude for the XB-70. The slight difference

is probably caused by a slight difference in rise times, 4 milliseconds

for the 7-104 and 5.5 milliseconds for the 73-70. Note that the audio

record for the tail shock on the XB-70 is considerably smallor than

that for the bow shock as in Fig. 1.
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Annex D

METEOROLOGICAL INVESTIGATIONS

ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION

SUi•BARY RESULTS

Following the Phase I Edwards Tests, ESSA was asked to participate

in the planning and execution of the follow-up Phase II Tests to the

extent that leadtime and recognition of the basic problems permitted.

The program that was developed is outlined in Annex A, Operational Test

Plan, and essentially covers a minimal effort to obtain: (1) detailed,

low-level (10 and 90 feet above the ground) turbulence statistics in

the immediate area of the surface overpressure measurements (Site 9

array); (2) data on the existence of waves on lower troposphere inver-

sion surfaces, as a possible mechanism for selective focussing of sonic

booms, and (3) the area distribution and variability of overpressure

by means of microphone grid arrays of two different intervals of spac-

ing (50 and 200 feet). In addition, it was planned to make use of the

routine deep atmospheric soundings, as well as special, more detailed,

low-level (to 10,000 feet NSL) soundings taken by the Air Weather De-

tachment on request in connection with the inversion-wave study. Also

In connection with the latter study, use was t-o be made of overpressure

data from the 8000-foot linear microphone array.

While the majority of the meteorological data acquired by ESSA has

been or is being processed, the bulk of the overpressure data needed

for correlation has not yet become available. The following will sum-

mariae the results or the state of progress in the various areas of

study being pursued by ISSA.

A. Inversion-Wsve investigation

This study resulted from attempts to explain the frequently ob-

served large horizontal variations in sonic boom overpressure, believed

to be associated with low-level atmospheric inhomogeneities. Some ob-

servations suggested a periodicity or wavelength in maximum overpressure

on the order of 3000 feet or more.
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Limited meteorological observations have indicated the occurrence

of waves of similar wavelength on temperature inversion surfaces in the

lower troposphere (below 10,000 feet MSL). It was therefore theorized

that a boom shock wave passing through such an inversion, would undergo

diiferential refraction with a resulting alternating focussing and de-

focussing of the sonic boom (energy) at the ground. A computer model

was devised using basic ray tracing concepts and reasonable inversion

and wave structures, and did indeed produce results indicating alter-

nate aaxima and minima of sonic boom intensity at the surface commensur-

ate with the intensity of the inversion and the amplitude and wavelength

of the waves on the inversion.

On the basis of these findings, a program of observations was

undertaken during the Edwards Phase II Tests that would determine the

presence of such inversion surfaces and the detailed structure of ex-

isting wave patterns, in an attempt to relate them directly with any

periodicity in overpressure values observed by means of the 8000-foot

linear microphone array. Inversion surfaces (height and intensity)

were detected initially by means of special, low-level temperature

soundings. During the first portion of the Phase II Tests the inver-

sions were probed for temperature variations (indicative of wave struc-

ture) by an instrumented C-131B Air Force aircraft, on loan from another

project. When it was recognized that the definition of temperature

structure was insutticient for the purpose, a chartered light plane

(Cessna 150) was specially instrumented and used instead.

In all, nine flights were made by the C-1318, five of which were

made tn three days when the 8000-foot microphone array wes in operation;

eighteen flights wert made by the Cessna 150, six of which were made on

three days *hen the 8001-foot array was being used. Because the ex-

pected wavelength of inversion undulations was on the order of 3000

feet ,ir more, it is of primary interest to compare results with those

obtained frtm the 80"O-foot array. This, however, was only in operation

tin a total 41f eight days during the program. For remaining flights,

comparison will le attempted with the data from the Site 9 microphone

.irray, in which the longest dimension was 1800 feet.
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The flight track of the Cessna 150 within the inversion layer con-

sisted of two orthogonal legs, east-west (the general orientation of

both the boom aircraft and the microphone arrays), and north-south, in

order to discern the orientation of existing wave structure. Figure I

shows an example of the temperature trace obtained along these tracks

on December 16. The primary wavelength of temperature oscillations is

of the order of 5000 feet. The presence of oscillations only along the

east-west legs indicates, in this case, an essentially north-south or-

ientation of the wave pattern.

These data are being analyzed for wavelength and amplitude of the

oscillations and inversion depth and intensity, and will be used in the

basic model to compare results of computed variability of overpressures

with observed values when the latter are available.

B. Boundary Layer Turbulence Study

Another observed characteristic of surface overpressure values is

the often considerable (by factors of more than two) and apparently ran-

dom variation in intensity within relatively short distances ff the or-

der of 10 - 1000 feet. Such variation has generally been ascribed to

the presence of turbulent eddies in the lower or planetary boundary

layer of the atmosphere (the lower 3000 or so feet); and although limit-

ed, indirect evidence to this effect has been noted, no direct measure-

ments or correlations have been made.

Within the constraints of time available, ESSA personnel conducted

a limited observational program during the Edwards Phase II Tests de-

signed to define the spectrum of turbulence near the surface as a first

approximation to the probable turbulence spectrum in the boundary layer.

Very detailed, rapid-response measurements of wind and temperature fluc-

tuations were made at heights of 4 and 28 meters (13 and 92 feet) above

the dry lake bed in close proximity to the Site 9 array of overpressure

microphones. In addition, 18 extra microphones were placed within the

basic cruciform array in checker-board fashion with spacing initially

200 feet and later 50 feet, in order to provide a two-dih.ensional pic-

ture of the distribution and variation of overpressures.
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The turbulence data is based on wind speeds, inclination angles

and temperatures which were recorded on analog tapes in frequency mod-

ulation and digitized jor computer use. Approximately 50 hours of dat3

were collected in conjunction with 96 sonic booms on 18 days. About a

third of these data will probably be unusable because the air movement

was below the threshold of the sensing instrumentation, i.e., essentially

calm. To date, statistical (power spectra) analyses have been completed

for seven days (16, 17, 21 and 23 November and 12, 16 and 20 December),

covering 33 sonic boom missions.

The comparison of these data, which are in a time-scale, with the

spatial variation of observed overpressures requires a transformation

to a length scale based on the mean wind speed. The length-scale do-

main of the meteorological data ranges from 4 to 2000 feet, while that

of the overpressure data ranges from 12.5 to 1800 feet. Although no di-

rect comparisons have as yet been made, Fig. 2 illustrates, for the 200-

foot grid array, the size, intensity, and distribution of overpressure

patterns involved, and particularly the change of these patterns and

gradients within a 22-minute period under almost identical sonic boom

flight conditions. Figure 3 shows the detail of comparable overpressure

patterns for the 50-foot grid array.

C. Study of Atmospheric Effects on Overpressures by Means of Computer
Program

Past efforts in evaluating the overall effects of the atmosphere

(ice., wind and temperature variations, assuming horizontal homogeneity)

between the aircraft and the ground, on the value of overpressures meas-

ured on the ground, have used realistic types of atmospheres to deter-

mine limiting ranges of corrections which can be applied to overpressures

computed by simpler means for the case of the Standard Atmosphere with

no wind. In general, for aircrift speeds of more than about Mach 1.3.

the factors due to such ranger of both wind and temperature conditions

have been found to be no more than .5 percent, indicating that the ef-

fect of the atmosphttre as a whole was essentially negligible for higher

Mach numbers.
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In con.lidering the possible ranges of overpressure variability to

be expected irom a given aircraft under given flight conditions in the

probable spectrum of real atmospheric conditions, it was felt that ad-

ditional investigation was warranted. This was possible by means of

the computer program developed for NASA by M. P. Friedman, which incor-

porates the determination of both the initial aircraft pressure distur-

bance input and the manner in which it is transmitted through any given

atmosphere from -ýource to ground. In practice, however, it was learned

that it is necessary to apply a correction factor to the output of the

program, based on the more sophisticated handling of the aircraft input

data by a program developed by NASA.

The program, with appropriate correction, has been used initially

in the computation of surface overpressures for 14 selected cases ot

B-58 flights made at Edwards Air Force Base during Phase I, June 1966,

in order to initially test the validity of the program and the reason-

ableness of its results. Computed overpressures were compared with the

mean of the observed overpressures for the basic cruciform network, and

in all cases the observed (mean) overpressures were greatel than the

computed values. The ratio of observed to computed overpressures.

LP /AP , varied from 1.02 to 1.69 with a mean of 1.34 and a standard de-

viation of .19. A similar comparison was made with overpressures com-

puted for the Standard Atmosphere with no wind; and, except for two

cases, the observed values were also greater than those computed. In

all cases, however, the Standard Atmosphere with no wind gave results

closer to the observed values than those for the real atmosphere. For

the conditions of temperature and wind profiles and Mach numbers involved

in these cases, this latter result is diametrically opposý!d to the find-
1

ings of other investigators.

The program was also used on the same 14 cases to Look into the

relative effects of temperature Mnd wind separately on the value of the

computed overpressure by considering only the xbserved temperatures wlth

Pr4ceeding- tit the Sonic Bom S.alposium, November 1965, pp. S26-30.
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no wind, and also by using the observed winds with the Standard Atmos-

phere. It was found that while both temperature and wind are influen-

tial in increasing the ratio of observed to computed overpressure, wind

is considerably more important in these cases.

The program is presently being run for a complete range of wind

profiles (headwinds and tailwinds) and Mach numbers, and for the several

temperature lapse rates previously used, as well as for the Standard

Atmosphere with and without wind, in an attempt to check out the earlier

findings.

D. Statistical Study of the Effects of the Atmosphere on Overpressure

Variability

Another approach to the determination of the effects of atmospheric

conditions between the aircraft and the ground, on the variability of

overpressures was statistically to relate the observed variability with

such specific factors as low-level turbulence, the level of the maximum

wind, the height at the tropopause, and the mean temperature and wind.

Data used were taken from the B-58 flights of the Edwards Air Force Base

Phase I Tests in June 1966, the deep rawinsonde observations provided

by the Air Weather Service Detachment, and the peak overpressures re-

corded at the test house cruciform.

1. Low-Level Turbulence

The possible influence of low-level turbulence was examined in

several ways, among them the standard deviations of observed overpres-

sures (of the five stations) for individual booms versus the time of

day and versus the depth of the mixing layer. Both can'be considered

possible measures of low-level turbulence, reaching a maximum in the

warmest part of the day. Plots of both showed a tendency for the stan-

dard deviation (and therefore the variability) to increase somewhat from

0800 to 1200, local time, and as the mixing layer depth increased from

4000 to 9000 feet; but the extreme scatter of values was overshadowing

in both cases.

Table I summarizes the results of examining other properties of the

atmosphere in terms of the mean standard deviations of peak overpressures

within the cruciform array (in lb./ft. 2) and standard errors of the mean.
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Table D-I

ANALYSIS OF SONIC BOOM OVERPRESSURE VARIABILITY AS
A FUNCTION OF ATMOSPHERIC CONDITIONS

Standard Deviation
of Peak Overpressure

(lb./ft. 2 ), and
Standard Errors of

Flight, Relative to: Number of Flights the Mean

Maumnum Wind L.iver

Above 10 .27 .10

Within .,3 .26 t .03

Belo 27 .24 ± .03

Tropnipause

Above 27 .21 .u3

Within Layers 31 .25 ± .05

Be to)w 32 .32 t .041

Mtean Tvmp•wr.t tre

Warm Days (5) 46 .24 t .04

Cool Days (5) 45 .25 .03

Me.in1 Wind

Strong (4O-561 k,) 18 .27 * .05

Mihlerate (25-40 k.) 29 .25 .05

WCAiI (10-25 k.) 45 .22 .02
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2. Maximum Wind layer

There is a slight indication that overpressure variability is

greatest when flights are above the level of maximum wind, and least

when they are below it.

3. Tropopause

Flights below the tropopause result in greater variability of over-

pressures than flights above or within the tropopause, possibly because

individual variations in the near-field disturbance are smoothed out in

passing through the tropopause. It was also noted that le mean over-

pressures resulting from flights in the troposphere (i.e., below the

tropopause, or about 35,000 feet, MSL) were twice as large as those for

flights in or above the tropopause, which is again generally consistent

with other findings relating greater attenuation with longer ray path

lengths.

4. Temperature

Although the atmosphere was warmer than standard on all days, it

was considerably warmer on five days and only slightly warmer on five

other days. Comparison of the mean observed overpressure variabiliti

for these two groups indicated very little effect of overall tempera-

ture departures from standard.

5. Wind

Analysis of the mean wind between aircraft and the surface (on the

average, headwinds) indicated a fairly pronounced tendency for stronger

mean winds to have a greater effect on the variability oi mean observed

overpressures. This is in agreement with thedry and past findings.

Thest results are not conclusive, due mainly to the extreme scatter

or variability in the peak overpressures within the network for any

gavc:i boom. Trends are indicated, however, and are generally consistent

with earlier findings. Although continued, similar examination of the

Phase 11 data should be pursued to validate and possibly clarify these

trends, it would appear that the overall effects of the atmosphere cxn-

not be entirely neglected in the determination of overpressure variability.
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Annex E

SEISMIC MEASUREMENTS OF SONIC BOOMS1

I INTRODUCTION

As a part of the current Government program to study the hazards and annoy-
ances which may be imposed upon the population by sonic booms, Geotech has
begun a study of the seismic effects associated with sonic booms. This paper
will include a brief introduction to the science of seismology, and will
give examples of the results obtained in field experiments, to date, together
with their preliminary interpretation.

II PHENOMENA AND METHODS OF SEISMOLOGY

Some human activities, such as blasting, produce noticeable ground motion.
Because of the importance of monitoring and controlling these activities,
studies have been conducted by the U. S. Bureau of Mines, the Liberty Mutual
Insurance Company, and others, to establish criteria defining the level at
which ground motions may damage buildings. Three criteria have been developed.
The oldest criterion on which structural damage threshold is based is the peak
acceleration of the ground during passage of seismic waves. Accelerations
exceeding 0.lg (980 ommsecond 2 ) in the frequency range between 1 and 20 cps
are considered to be above the safe range. A newer criterion in the "energy
ratio." defined asipeak acceleration1 . The energy ratio damage threshold', •t reque •y J
is defined as 3 lfeet/second J. The latest criterion and the criterion cur-
rently recommended by the U. S. Bureau of Mines [Duvall and Fogelson, 1962]
defines the upper limit of safe ground particle velocity as 2.0 inches/
second; that is, 50,800 microns/second [_/secJ. This new criterion agrees
very'well with the earlier energy ratio criterion. At this level of ground
velocity, damage may begin in the weakest pert of a structure; that is, plas-
ter may crack. If the measured ground motion is below this level, courts
in many states may reject damage claims.

IPreliminary data for NASA Langley Research Center under Contract
NAS1-63-|2.

2 The mair. difference Is that the surface particles revolve In a vertical
retrograde orbit in Rayleigh waves. but in a vertical prograde orbit In
ocean gravity waves.
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Figure 1 shows some portable seismographic instruments similar to those

used an the sonic boom program. Seismometers operating both in the ver-

tical and horizontal orientations are used to measure all the components
of ground motion. Data are recorded on a visual recorder and on magnetic

tape to permit later analysis by computer. Means of electrically cali-
brating to seismometers are provided. Calibration is performed daily in

the field to check small variations in system sensitivity caused, for ex-

ample, by temperature changes. Field calibration is performed by sending

a known amount of electric current through the seismometer coil or an
auxiliary coil. producing a known motion of the inertial mass, which is

then registered by the recording apparatus. Such electrical calibration

is. in turn, standardized at the laboratory with a precision shake table
having optical indicators, the calibration of which is, in turn, trace-

able to the U. S. Bureau of Standards.

Figure 2 shows one of several kinds of deep-well seismometers (Shappee,
19611 currently in use at Government seismic observatories tGudzin and
Holle, 19621. This instrument is protected by a pressure case so that
it can be lowered into inactive oil wells for monitoring motions of the

earth as far as 10.000 feet below the surface. The deep-well instrument
is coupled firmly to the well casing by means of the electrically con-
trolled wedging lock shown protruding from its side. Using such instru-
ments. we plan to measure the effect of son!.- booms upon ground motion
at various depths in the earth, to obtain a better understanding of the
types of waves involved'and how they travel through the ground.

III SEISMIC WAVES FROM SONIC BOOMS

Figure 3 illustrates, in a simplified manner, the conical shock wave
develnjped at the nose of a supersonic aircraft, and its interaction with

the ground Ithe tail shock has been omitted for simplicityj. Such a shock
wave is reflected from the ground like any other acoustic wave, and over

99 percent of the energy returns to the atmosphere, because of the large
density and velocity contrast between earth and air. In instances where
the density and seismic velocities of the ground are high. as in hard

rock, less energy is coupled into the ground than in fn.stances in which

the earth is sett, of low density, and low velocity. Hence, we can ex-
p'ct to flnd a dependence of thee seismic effects of sonic booms upon local

get logy.

As. shtan in ligure 3. the pressure exerted by the sonic boom shock wave
prioluces a moting vertical force and may alse generate a horizontal force

it the ground is rough or irregular. Theory indicates that' a moving ver-
t ical force should generate a -surface wave moving at the same speed as the

.atrrrIttt. ofl a -requency d, ternttned by the vertaca: velocity distribution
in the ea.rth. Thet amplitude of the surface wave may be especially large

at the aireraIt '-peed and the fundamental frequency of its N wave happen
t*o mn.atch th1e 1 twl g'ology. Thisa possibility is under study.



Secondarily, as the shock wave travels along the surface, irregularities
and variations in density and ground hardness which it encounters my be-
come local sources of seismic waves which radiate in all directions.

Figure 4 illustrates a plan view of the shock cone intersecting the ground
in a hyperbola. Only one of the two shocks of the "N wave" has been shown
for simplicity. In this diagram, it can be seen that the seismic waves
generated by local sources along the hyperbola that move backward from the
two branches of the hyperbola could reinforce one another as they cross
the flight trace. This type of seismic "focusing," if it exists, may re-
sult in twice as much ground motion along the flight trace as elsewhere.

Seismic waves traveling forward from the hyperbola at a rate faster than
the airplane would arrive before the sonic boom. Such "precursor waves"
do indeed exist, as shown by the seismogram in figure 5. This seismogram
was taken at a large Government seismic observatory and the position of
the flight trace with respect to the instruments was not know. On the
three "low-gain" traces near the top of the record, and some others, the
precursor can be clearly seen to exceed the level of the background noise
about 4 seconds before the arrival of the sonic boom at the same location,
as indicated by the microbarograph.

IV I' ELIMINARY EXPERIMENTAL RESULTS

Between October 1966 and January 1967, numerous Government supersonic tests
were flown at Edwards Air Force Base, California. Among the ground-level
measurements made during these flights were seismic measurements- made by
Geotech under NASA Contract NAS 1-6342.

Figure 6 shows the location of the three seismic stations [shown as dark
spots] with relation to the general flight track of the aircraft [indi-
cated by an arrow]. The center station, on the edge of the dry lake bed,
includes a vertical seismometer, a horizontal in line with the flight track,
and a horizontal transverse to the track. The two outlying stations employ
vertical seismometers; one is on an area of thicker lake (playa clay]
sediments and the other is on an outcrop of hard rock [quartz monzonite],
giving a comparison of two different geological environments. All sels-
mometers are buried to depths of about 3 feet.

Figure 7 shows a seismogram of a typical F-104 overflight. The aircraft
was flying at an altitude of 31,000 feet and a speed of M1ch 1.65. The top
trace or channel [VI] represents the output from the vertically oriented
seismometer and the second and third channels are the radial [RI] and trans-
verse [T1], seismograms, respectively, ut the center station. Channel 4
(V311 is the output of the vertical seismograph located nearer the center
of the dry lake, and channel 5 [VX] is that of the vertical selsmometer
situated on the rock outcrop. Channels 4 and 5 have been shifted In time
so that all channels can be shown in one illustration. The peak positive
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air overpres:;ure recorded at each site and the resulting first downward
peak of ground velocity are noted above and below the proper channel.
Two distinct frequencies can be readily identified. A frequency of about
60-70 cps corresponds in time to the passage of the bow and stern shock

waves. A damped sinusoidal wave of lower frequency can be seen best on
channel .1 "underlying" the high frequency motion and arriving at the same
time as the boom. The 'Precursor" waves are present in the magnetic-tape
recording but cannot be seen in figure 8 because of the low amplification

u.sed to display the main peaks without distortion.

The lower-frequency motion is tentatively identified as the theoretically
predicted, shock-coupled, fundamental Rayleigh wave. The nature of the
higher frequency motion is not fully understoof at this time. It may be
either; [l] the movement of the ground due to the direct application of
the shock waves, or 121 a higher mode shock-coupled Rayleigh wave. In
all flights recorded, a larger ground velocity is observed in the lake
bed clay than in the hard rock, for a given overpressure.

Figure 8 shows a typical sismogram of a B-58 overflight. The airzraft
passed overhead at an altitude of 43,000 feet and a speech of Mach 1.55.

The chief difference between this seismogram and the F-104 seismogram
ifigure 71 is the larger time interval between the two onsets of high
frequency motion for the B-58, corresponding to the increased time inter-

val between the arrival of the bow and stern shock waves.

Figure 9 shows a typical seismogram of an XB70 overflight. The aircraft
was llying at an altitude of 60,000 feet and a speed of Mach 1.80. Again,

the chief difference from the preceding records is the larger time inter-
tal between the two onsets of high frequency motion.

Figure 10 Thows the relation of peak positive overpressur? to first peak
ground velocity recorded by instruments located on the dry lake bed. and
figure II shows a similar relation for the station on the rock outcorp.
These preliminary results indicate a linear relationship between maximum
positive overpressure and first peak ground velocity for both the clay
and the rock. Figures 7, 8. 9, and 10 also show that the ground motion
for a given overpressiure is ,-onslstently greater in the lake sediments

than in the rock, as-. predicted by theory.

Figurr 12 shows the relation of maximum positite overpressure to the
masxlmum ground %cloc-ity associated with the lower frequency motion tent-

atiiiv Iddentified as• a coupled Rayleigh 'wave. Thesve preliminary lata
,re, o)bltained from ins,,ýtruments located on the lake sediments. They also

indicate a Iinemar tncreasev of ground motion with overpressure. and show
thtat the lif -t r-CluoentNi ground %ilaw it v Is less than one-third as large as

tf"- Ihiglih-r-qutent it ground %clot t y!

The, %.i*ntue of grundl iv.i'toty obtained for the rather limited range of
In.rprr..%ulrei- altlh- i irv .stall compared with the mos.t relifable- Ust -

mjie>- -)I th- ,large thr-.hold. The maximum value of ground vel•t•t.v which
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has been recorded and analyzed to date is 320 microns/second [at 60 cps]
from an overpressure of 2.0 lb/sq ft. This is less than 1.0 percent of
the damage threshold criterion now recommended by the U. S. Bureau of
Mines.

It should be emphasized that the results presented here are based on in-
complete analysis of perhaps 10 percent of the total data, and should be
regarded as extremely preliminary.

V STUDIES IN PROGRESS

From a thorough analysis of the data obtained at Edwards Air Force Base,
and a seismic refraction survey of the local geology, we hope to obtain
a more complete understanding of the mechanism by which seismic motion
is produced in the ground by air shock waves, and on the relation of air-
craft operating conditions to the amplitude and frequency of the induced
seismic motion.

We will also record a limited number of supersonic flights at the Tonto
Forest Seismological Observatory in Arizona and at the Uinta Basin Seis-
mological Observatory in Utah [Gudzin and Holle, 1962). The near-surface
geologic structure at each recording site will be determined by a seismic
refraction survey. The extensive seismometer array available at the
Arizona observatory will provide data from which we can evaluate possible
focusing effects of reflections from geologic features and of propagation
backward from the hyperbolic intersection of the shock cone and the ground.
The Utah observatory has a vertical array of six borehole seismometers
extending to a depth of 8000 feet. These will provide data from which we
can determine the depth to which the seismic disturbance penetrates. In
addition, the observatories will provide two differen* geologic environ-
ments for comparison. Instrumentation at the observatories will be modi-
fied to give the same recording characteristics as the field system cur-
rently being used at Edwards Air Force Base. The field unit will be used
to supplement instrumentation at each of the observatories.
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FIG. I SOME ELEMENTS OF A HIGH QUALITY PORTABLE SEISMOGRAPH SYSTEM
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FIG. 2 INSTALLING A SENSIT!VE 'JEEP-WELL SEISMOMETER
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Annex F

ENERGY SPECTRAL DENSITY OF SOME SONIC BOOMS

I CONCEPT AND DEFINITION OF ENERGY SPECTRAL DENSITY

1*

In previous work, energy spectral density (ESD) has been proposed

as a method for representing the frequenc'-intensity properties of the

sonic boom. The dfinition of the ESD function as used heretofore is:

IP(w) = p(t) E dt - + (1)

where p(t) is a real-valued time-varying pressure associated with a

transcient phenomenon, such as the sonic boom. and -i is angular velocity

(2:f). To calculate the physically measurable energy E(, x 2 ) in a

specified frequency band between frequencies f and f2 the following

integration is performed:

= 2f:
E( logo) = 4 IP(W)I d 0 " (2)

=2-j

For the ideal N-wave, with duration D ana amplitude A'P, as shown in

Fig. 1, spectral asymptotes bave been calculated.1 These asymptotes,

when applied to the relation in Eq. (2) are:

Alow 9 (3)

A 2 (4)

A typicai spectrum of E(j) for the ideal N-wa'e is sketched in log-log

form., with asymptotes indicated thereon, in Fig. 2 Thy, l•-frequency

and medium frequency asymptotes have slopes of +63 dB tgctave and -6dB;

octave, respectivel%.

*J. R. Voung. "Energy Spectral Density of the Sonic Doom," J. Acoust.
Soc. Am. 40..1%6-.|198 (0%i6)
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It the sonic boom is assume-d to have a nonzero rise time, T r as

in Fig. 3, further analysis shows that a third asymptote must be cau-

culated to account for the high-frequency behavior of E(t) or lP(w)1<.

This asymptote has been found to be, for E(u)

A41 Lp- (5)
Ahigh T 2 4

r

Thus, for the wave illustrated in Fig. 3, the corresponding plot of

E(&) is that in Fig. 4, where the high-frequency asymptote has a slope

"1t -1- dB/octave and the remaining two asymptotes have -6 dB/octave

s loptes as before.

By equating the relations for asymptotes, two intersections can be

.olved tor, one of which is the frequency, f , and intensity of E(w) at

its, peak, El, the other being the frequency, fb, and intensity, Lb, at

which the spectrum begins to roll off at -12 dB/octave. These relations

are:

0. •552(6
Peak irequency, ft = - (6)p

'2 '•D

Peak intensity, E = LP- if (7)

In Eq. (7) an extra factor of 2 is implicit. This factor takes into

actount the real izat ion that the asymptotic solution at the frequency

t yields An energy that is twice the actual energy calculated by using

,in1 exact exprrt-s% i5lt. tor E(1).

I
Iircakpoini frequency, f . (8)

r

Breakpoint intensity, E b -I LP" Tr 2 (9)
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II SPECTRA OBTAINED FROM EXPERIMENTAL DATA

Figure 5 shows three sample spectra and associated pressure-time

plots for Missions 15-1, -2, and -3, which were flown by XB-70, B-58,

and F-104 aircraft, respectively.

The raw data from these spectra and ell others referred to later

were obtained by digitizing analog FM tapes of NASA cruciform microphone

outputs at 5000 samples/second. Each sample was converted to a binary

number 11 bits in length. A low pass presampling filter was used with

its cutoff frequency set to about 1350 Hz.

Table 1 summarizes the values of peak overpressure, AP, and rise

time, T r, as read by NASA personnel from time-amplitude tracing record-

ings at the Edwards test site. The table also coitains calculated values

for AP and Tr, designated AP ,and T r,c. These values were obtained by

using E and f from computed energy spectra as follows:
p b

1

T 'c 1 (11)
r,c Rb

Implicit in the calculation of AP and T is a smoothing of thec r,c

computed spectra by ideal asymptotes that, in turn, are used to define

Ep and the break-frequency fb*

Table I

COMPARISON OF SONIC BOOM PARAMETERS MEASURED FROM
TIME-AMPLITUDE TRACINGS AND THOSE CALCULATED FROM

ENERGY SPECTRA IN FIG. 5

Values Obtained From Values Calculated from Com-
Time-Amplitude puted Energy Spectra Using
Tracings (NASA) qs.. (1)and (11;

Aircraft ,lp T lP' Tr c r,c

F-104 2.29 psf 0.0040 soc 2.32 psf O.0n47 sec

B-58 2.29 psi 0.0040 sec 2.49 psf 0.0041 sec

XB-70 2.32 psf 0.0055 sec 2.19 pso 0.0051 sec
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For this limited nu1fl4ber of cases fair agreeiMCnt .1nd consistency

appear between pressure-tlme parameters extracted directlNy from a time-

amplitude plot and the same parameters calculated from computed energy

spectra of the same time-amplitude plot. Particularly in the case of

t1.e values j[' 0 it appears that %ave-rounding and spikin=g at the N-wave

peaks seem to be smoothed and an "effective value of AP is obtained.

General agreement between Tr and Trc is apparent, though grossness of

these particular energy plots does not permit a precLse measure of Ib.

Moreover, the spectra fail, as expected, to follow e:•actly the revgular

theoretical asymptotes, and this crcatea uncertainty in defining an ex-

act I Nevertheless, agreement between Tr and T sees reasonably

good.

Figure 6 shows five pressure-time and energy spectrum plots for

Mission 123-1, which was flown by a B-58 aircraft at .17,600 ft MSL, Mach

1.51, and offset left of the prescribed track 4900 It. The basic data

were also derived from five microphones in the NASA cruciform array.

The figure tends to indicate variabilities in pressure waveforms and

spectra that may be expected for a single nominal event or flight when

monitored by five closely spaced microphones (the arms of the cruciform

were 200 ft long, with microphones spaced 100 ft apart ). For this

case, the range and average deviation from the median for LP, as read

by NASA, measured 3.22 dB and 1.163 dB, respectively; for energy in the

band 0-50 Hz, 2.14 dB and 0.694 dB, respectively; and for energy in the

band 20-200 Hz, 4.92 dB and 1.3.1 dB, respectively. The other energy

measures for this event lie within the upper and-lower limits of the

energy statistics quoted.

III ANALYSIS OF TOYTAL ENERGY IN CERTAIN FREQUENCY BANDS

Energy spectra have been determined for 16 B-58 missions (four on

8 December 1966 and 12 on 8 November 1966) and for four missions (2

XBE-1, I B-58, and I F-104) on 3 January 1967. For each mission the

five NASA cruciform microphone channels were analyzed by finding total

energy for each channel and each sonic boom, and total energy in each

of six frequency bands: k,-bjo liz, 10-30 Hlz, 0-200 liz, 0-1fOO lIz, 20-200

Htz, and 20-1000 l1z.
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By way of checking the accuracy of the energy spectral computations,

total energy was derived in two ways: first by direct computation using

Et J p (t) dt , (I is a time interval con- (12)

taining the sonic boom)

and second, by

max

t E(f) df (13)

f .
mill

where fmin and fmax were the extreme frequencies for which the spectra

could be calculated owing either to sample length (approximately 0.80

sec) or sampling rate (5000 samples/second). These independent esti-

mates of total energy agreed to five significant decimal places for all

examples calculated by using Pq. (2) with the appropriate frequencies

included as integral limits. The energy density at zero frequency was

adjusted to zero in all cases.

A third check of the approximate total energy in any particular

N-wave can be obtained by assuming that the wae is an ideal wave with

negligible rise time and with AP and D as measured.

•2D
E. a ' (14)

For the cases considered here tiis estimate is, and should be, consis-

tently higher than actual values by 10 to 20 percent. Nevertheless.

Eq. (14) can be used as a rough check for more precise values.

Table 2 contains summary statistics for 16 3-58 flights whose

nominal flight parameters were 48,000 ft altitude, Mach 1.65, on a track

directly over the NASA cruciform array. Only slight deviations from

these parameters on a mlssion-to-mission basis were found from examina-

tion of the official !og of the Edwards Exoeriment, and it Is felt that

the flights were sufficiently close to nominal conditions to permit sum-

marizing the data as shown.
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Table 2

SUMMARY STATISTICS OF 16 B-58 FLIGHTS ON 8 NOVEMBER 1966*
AND 8 DECEMBER 1966, FIVE MICROPHONE CHANNELS PER FLIGHT

Average o& Range Over 16 Ave. Deviation of

Mtedian Vilties Flights of Med- Pedians for Five
Parameter for Ea•h Flight ian Values of 5 Average Mi-rophones for

for the Five Microphones per Range Each Flight from

Microphones Flight Median 16 Flights

LP 1.15 psf 5,146 dB 2.045 dB 0.705 dB

E 0-50 Hz 119.46 dB 4.120 dB 1.240 dB 0.423 dB

Eo-210 119.53 dB 4.170 dB 1.305 dB 0.422 dB

E 0-l000 119.63 dB 4.171 dB 1 305 dB 0.422 dB

E20-1000 106.44 dB 7.930 dB 2.640 dB 0.890 dB

E20-,00 106.3k dB 8.340 dB 2,620 dB 0.890 dB

EI10-30 109.81 dB 5.240 dB 1.610 dB 0.590 dB

Etotal 119,54 dB 4.171 dB 1.2,16 dB 0.370 d8

* Energivs were computed by converting LP in units of psf to units of
0.0002 LtBar.

In Table z each measure was determined for each of five micro-

photte channels for each flight, ad medians of dB readings for each

flight were used to compile the statistics. The average deviation from

the median, listed in the extreme right column, is thus the quantity

16 5

Average deviation I 1 (15)
16 3~~I

uheire X Iis sie ol 1t ur measures of % parameter expressed in dB differ-

rnt from the mdttaan, and X3 is the median expressed in d8 of the five

viannel• f(gr the flight and parameter under consideratimon. LP is the

peri., overpre--ure 4btained frtm the digital records used for computation.

The r.tnge s,, mudia.n v;aluc. e t.aken as being aer,.s all flights and all
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channels, and the average range is that for all flights on a flight-by-

flight basis.

The data seem to indicate that 6P and the energy bands containing

high frequencies vary considerably more than does the total energy as-

sociated primarily with low-frequency content.

Table 3 was computed to try to establish correlations between the
pressure-time parameters AP and Tr and the various parameters associated

with the energy spectrum. Data from microphone No. 3 are used here;

the other microphone data are similar and consistent with these results.

Table 3

CORRELATIONS BETWEEN AP AND T AND ENERGY SPECTRUM MEASURES
FOR CHANNEL 605 OF THE NASX CRUCIFORM ARRAY, USING THE

SPEARMAN RANK CORRELATION COEFFICIENT, r

Parameter AP Correlations, N=16 T Correlations, 1N15
r

r Significance of r r Significance of r
E0 ,5 0  0.7873 Ir 9 5 ! U 0.426 -0.4464 Ir 9 1I - 0.441

0-200 0.8529 1r 9751 = 0.497 -0.4964 Ir I . 0.514
. 9751. 975

0-00 0.8529 or 9  " 0.574 -0.4964 Ir I - 0.592
.991 .99

0-10 .9132 0r9 51 - 0.623 -0.7460 Ir 951 a 0.641

29-200 0 Ir0.921 0.742 -0.7460 Ir. 99 51- 0.760

E10-30 0.8441 -0.4929

1 total 0.8529 -0.4964

In Table 3 r is a statistical measure of the dependence of an en-

ergy parameter and 6P or T . Higher values of r indicate a greater de-

pendence or correlation, and lower values indicate a lesser dependence

or correlation. Subscripted r values indicate the confidence level of

the measure for specific values of r. For example, r 95 * 0.426 implies
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that a value ol r equal to o. 426 or greater could occur by chance when

tiwo variables are actually uncorrelated or independent five times in

100 trials of sampling the paired variables 16 times. In the table,

16 pairs are availible for LP correlations, and 15 pairs for T; hence,

the r values have different interpretations as shown.

Though all the energy meastires are highly correlated with LP

(r -r 9995), the highest correlation occurs in thc, energy band E20_1000

and E20-200. Correlations of energies with Tr are considerably less,

though still quite high except for Eo_50, where r is but slightly greater

than ro+9 5 . Again, however, the highest correlations occur with Tr and

E20_200 or E2£_IO00, which is not surprising in view of the analysis and

results presented previously in Sections I and II. The relatively high

correlation between T and E is somewhat surprising until the alsor 0- 50

high correlation between AP and Tr is computed, -0.6107 for N = 15.

Table -1 summarizes data obtained from Missions 7-1, 15-1,-2, and -3.

These data permit some preliminary comparisons between different air-

craft with regard to energy spectral parameters.

The last three missions in the table are comparable with regard to

AP and its statistics and allow some comparisons between the XB-70 and

eith':r the F-0I1 or the 0-58 . Though the data are limited in quantity

it would appear that the results are consistent with theory and other

available data. It is interesting to note that for E£O-30 the F-104

aircraft has a higher value than either the XB-70 or the B-58. Upon ex-

amination of several energy spectra samples, this result seems to bE due

to the spectral lobe distributton patterns of these aircraft and is

probbably a consistent difference, other things (such as 1P) being equal.

IV SOIMAVY AND CONCUISIONS

Energy spectra have been computed and summarized for 16 B-58

flights on H N,,vember 1966 and 8 December 1966, and for (oui flights in

3 January 1967 tnviilving XB-7l. B-S5, and F-1i0 aircraft. For each

flight, p,,vtrt maoere me.asured f+or each of live microphones in the NASA

crociltorm arartv. Thus, .a total of ilo energy spectra was obtained and
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Theoretical properties of the energy spectral density function of

the sonic boom have been compared to properties obtained from spectra

computed from actual booms, and good agreement and consistency have

been found. In general, the experimental data indicate that all parts

of the energy spectrum are correlated with observed variations of the

peak overpressure AP; the best correlations of LP occur in the energy

measures E20_200 and E20-1000; EO_50 is most independent of variations

in AP for a series of 16 nominally similar events. Correlations of en-

ergy band content with rise time are poorer, though still significant;

E20S200 amd E20F1000 correlate best with rise time, and EO050 correlates

least with rise time.

For three comparable flights of XB-70, B-58, and F-104 aircraft,

the energy band content for all bands, except the 10-30 Hz band rank

downward in the order listed. In the 10-30 Hz band, the F-104 aircraft

has the highest energy content by what appears to be something in ex-

cess of 2 dB relative to the XB-70. This particular result is consistent

with the 'energy-spectral-lobe patterns of the sonic boom spectra of these

aircraft, that in turn is associated with the differing sonic boom dur-

ation parameters.

The least variability among the five microphones is observed in the
energy measures £0-30 E0-200, E 0-O00o' and E total; the greatest vari-

ability is observed in LP ai• the energy measures E20-200 and E20_1000*

F-18
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Annex G

Part I

RESPONSE OF STRUCTURES TO SONIC BOOM

INTRODUCTION

The purpose of this report is to present a summary of the status of

the structural response, damage investigation and damage prediction work

resulting from the experiments at Edwards Air Force Base. The primary

objectives of the structural response portion of the Edwards Test Pro-

gram were to:

1. Determine the response or reaction of structures to sonic booms

generated by XB-70, B-58, and F-104 aircraft.

2. Evaluate damage resulting from these sonic booms.

3. Develop a means of predicting structure response and possible

damage from sonic booms generated by the SST based on data

from present aircraft.

To fulfill these objectives an overflight program was designed to

subject instrumented structures to sonic booms from F-104, B-58, and

XB-70 aircraft. The overflight program provided for different levels

of overpressure as well as overhead and of rset flights.

Two wood frame test house structures were built at Edwards AFB; one

was a two-story house and the other a one-story house, each with wood

framed floors, They were both built in accordance with plans obtained

from a large housing contractor and are representative of typical con-

temporary mid-western construction. Each of the test houses was in-

strumented to record the Loading on and the response of the houses and

certain of their structural elements. The arrangement of the instru-

ments was modified after the first few weeks of the program in order to

Increase the effectiveness of the information obtained.
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In addition to the two test houses, the Bowling Alley on the Base

was selected as a structure with a representative long-span roof. In-

struments were installed to measure the response of the roof structure

and the building frame to sonic boom.

For the first few weeks of the program, a two-story house identical

to the two-story test structure at Edwards was leased in Lancaster,

California. Instruments were installed to measure the effect of sonic

boom loading from an aircraft at a large lateral distance from the test

structure. Measurements were not recorded after the first few weeks

because of the minimal information obtained. Due to the large lateral

displacement of the aircraft and generally prevailing windy conditions,

the boom intensities and structural reactions were often masked by nat-

ural phenomena.

The report :Presented in the following pages briefly discusses the

instrumentation used, data reduction procedures, methods of structural

analysis and typical results, types of damage complaints received and

results of investigations, and methods of damage prediction. The text

terminates with a summary of preliminary findings.

Appendices G-1, G-2, and G-3 are reports covering the construction

of the test structures, sonic boom dumage complaints received and Inves-

tigated, and the results of a pre-test flight survey of glass windows

at Edwards AFBt

Three basic types of sensing instruments (transducers) were In-

stilled: microphones, accelerometers, cnd strain gages. Microphones

were used to measure overpressures at ground level near the instrumented

structures (fiee field signatures) amn to measure exterior and interior

overpressures on structural elements (loading signatures). Accelerometers

jn4 strain gages were used to measure the response or reaction of the

b~tructureF and selected ntructural elements, lach instrument was selec-

ted to be compatable with the chararteristlcs (frequency response and

stie) of the structural element. Annex A, Test Operations Plan, pre-

%vets a detailed description of the Instrumentation.
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The signals generated by these transducers when subjected to sonic

booms were recorded on analog magnetic tape by precision FM tape re-

corders. The recordings were reviewed shortly after each mission and

minor modifications were made in the instrumentation when required.

DATA REDUCTION

In order to evaluate and analyze the data, the instrument data on

the analog tapes were recorded on photo-sensitive pappr. The recordings

on paper were a visual record of the pressures, accelerations, etc.,

produced by the booms and were used to make comparative judgments of

the different instrument measurements. Measurements were made from

these oscillogR aphic records of rise time (time required for boom

overpressure to reach a peak positive value), peak positive and nega-

tive overpressures, and boom duration. A more detailed discussion of

preliminary data reduction procedures is presented in the Test Operations

Plan. The analog data were also converted to digital form so that they

could be processed by digital computers. Several different computer

programs have been developed and are presently being used as aids in the

analysis of data.

STRUCTURAL ANALYSIS

There are two basic types of loading to which a structure can be

subjected. The first is a static load, such as a warehouse floor load,

where the intensity or pressure of the load does not vary for long peri-

ods of time, and the second is the dynamic load, such as a sonic boom,

where the intensity varies greatly over a very short period of time.

A given structure or element of a structure will, in general, respond

or react quite differently to dynamtc and static loads. The deforma-

tion of or stresses in a structure element due to a static load can be

calculated by conventional procedures. whereas similar calculations for

a dynamic load are considerably more complex.

To facilitate the calculation of reaction to dynamic loads, the

concept of an equivalent static load has often been used. In this con-

cept, dynamic loads acting on a structure are replaced by equivalent
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static loads that produce the same deformations or stresses as the dy-

namic loads. Once these equivalent static loads have been determined,

the stresses and deformations of the structure can be calculated.

The relationship between a dynamic load and its equivalent static

load can be determined from structural models that represent in mathe-

matical form the properties and response of the structure and the applied

load. These models are based on the assumption that the structure can

be represented by an idealized single degree of freedom-damped system;

the response of this system is then corrected for the participation of

the other vibrational modes.

The structural model described above is used with sonic boom load-

ing to determine the relationship between the dynamic load and an equiva-

lent static loud. This relationship is expressed as the ratio of the

equivalent static load to the dynamic load, or Dynamic Amplification

Factor (MAF). DAF is a dimensionless ratio and for a given structural

element depends upon the element's natural frequency, stiffness, damping,

and the type of applied loading.

DAF is Gften plotted as a spectrum, see Figure G-1. These curves

represent the values of DAF calculated for structural elements with 2%

critical damping with a-range of natural frequencies from 0.5 to 50 Hz(cp5)

when subjected to an applied loading of a sonic boom N-wave. Note that

as the duration of the sonic boom increases, the DAF spectrum curve is

shifted to the left on the graph. Since larger aircraft produce sonic

booms of greater duration then do smaller aircraft, It can be seen that

sonic booms from large aircraft such as the XB-70 and future SST will

affect a greater range of structural elements than will smaller aircraft.

The DAF spectrum curves in Figure G-I were determined from free field

signatures for a number of overhead flights of the X1-70, B-SS, and F-104

aircraft flown during Phase 11. The curves are drawn as envelopes of

the OAF for each aircraft, that Is, all of the OAF curves for the over-

head missions listed in Table G-1 were plotted and then curves drawn

through the maximum and minimum values for each aircraft. The DAF spec-

trum for overhead Xf-TO flights flown at Mach 2.5 closely corresponds
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to the envelope for the XB-70 in Figure G-1. The concept of DAF provides

a ready means for comparing the response of structures to sonic booms

generated by aircraft of different size and for predicting structure re-

sponse from larger aircraft such as the SST.

Figure G-2 shows a schematic perspective of Test Structure E-2 and

the Phase II location of six of the pressure loading microphones. The

relation of the free-field-loading microphones to Hodse E-2 is shown in

the Plot Plan. Figure G-3 shows DAF spectrum curves determined from

loading signatures recorded on the exterior of the east wall of the

dining room of the two-story house, E-2. Note that the curves are very

similar to those plotted for the free-field signatures, and that the

curves fall generally within or slightly below the envelopes plotted in

Figure G-1. This would be expected as the shapes of these loading sig-

natures are very similar to the free-field signatures except for the

notch at the beginning and end of the loading signature. Figure G-4

shows typical pressure signatures in and around House 1-2 for flights of

XB-70, B-58, and F-104 aircraft. Note the variation In signature shape

for -he various areas in the house.

Figure G-5 presents DAF spectrum curves for the net overpressure

loading on the east wall o0 the Dining Room in House E-2 for the missions

noted in Table G-1. Net overpressure on an element Is determined by sub-

tracting the inside overpressure signature from the exterior overpressure

signature. Pnr the east wall of the Dining Room a loading microphone was

suspended on the exterior wall and another microphone was suspended in

the room. If Figures G-1, G-3, and G-3 are compared it can be seen that

near the natural frequency of the Dining Room wall (20 Hz) the DAY spec-

trum curves for the free field signature, exterior loading tm the house

and the net overpressure on the wall are in general agreement. For nat-

ural frequencies of 3 to 8 Uz, the DAF spectrum for net overpressure

indicates greater amplification of the overpressurv produced by the

B-58 and the MXF spectrum for the IM-70 shows a similar hump for the

frequency range of 2.5 to 4 Hz. The DAY spectrum for F-104 net loading

also shows a similar hump for the frequency range of 20 to 40 Hz. The

lower frequency ranges are important because the natural frequencies

G-I-7
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of large windows sometimes fall in these ranges.

As noted previously accelerometers were mounted on the exterior

of Houses E-1 and E-2 at the northeast corners to measure racking dis-

placements of the two structures. The racking movement of E-2 at the

eave line, in response to a typical flight of the XB-70, B-58, and

F-104 aircraft during Phase TI, is shown in Figure G-6. Figure G-7 shows

comparative racking displacements for the XB-70, B-58, and F-104 during

Phase I.

Accelerometers were also located on the east wall of the Dining

Room and north wall of Bedraom BR-l in House E-2. Both rooms are lo-

cated at the northeast corner of E-2, the Dining Room is on the first

floor and BR-i is on the second floor immediately above. An accelero-

meter was also mounted on the east wall of Bedroom BR-1 in House E-1.

Figures r-8 through G-13 show accelerometer records and corresponding

displacements for typical XB-70, B-S8, and F-104 missions for the east

wall of the Dining Room in E-2. Figures 6-14 through G-16 show outside,

inside, and net loading pressure signatures on this wall for these

missions. The acceleration and displacement records for the east wall

of BR-l in E-1 are similar in shape but slightly less in magnitude be-

cause the F-l wall is smaller and therefore less flexible than the corres-

ponding wall in E-2. The displacements of the north wall of BR-i in E-2

are also similar to those for the Dining Room. Figure C-17 shows the

displacement of the center of the north wall of BR-I in E-2 for fM-7O and

F-i14 flights during Phase I and the displacement of the east wall of

the Dining Room In E-2 due to a B-58 boom during Phase I. Table G-2 lists

the maximum displacements of the Dining Room east wall in E-2 and BR-I

east wall in E-I for a number of Phase 1I overhead flights.

TYPICAL RESULTS

The me. 1sured values of wall displacements v4ere compared with values

predicted by using values of OAF taken from spectra curves determined

from free field signatures and net pressure signatures on the E-2 Dining

G-1-12
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Table G-2

MAXIMUM PLATE DEFLECTIONS FOR OVERHEAD FLIGHTS

Channel 202: E. Wall, BR-I, E-1
Channel 404: E. Wall, DR, E-2

Average Free Deflection, Inches
Field Peak Channel Channel

Overpressure 202 404
Aircraft Mission psf

XB-70 13-2 2.00 0.0208 0.0298
15-1 2.18 0.0187 0.0313
16-2 2.29 0.0211 0.0339

113-2 2.20 0.0198 --

B-58 13-1 2.21 0.0193 0.0311
15-2 2.34 0.0188 0.0323
16-1 2.25 0.0184 0.0320

113-1 2.61 0.0216 --

F-104 13-3 2.01 0.0129 0.0215
15-3 2.31 * 0.0131 0.0231
16-3 2.0? 0.0121 0.0228

113-3 1.95 0.0132 --
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Room and BRI, E-1 wallsI* The comparison of predicted vernus measured

displacements are shown in Figures C-18, G-19, G-20 and C-21 (see Table

;-3 for missions analysed). The displacements predicted using DAF values

determined from free field signatures and peak positive overpressures from

thesc signatures compare very well with the measured values.

in order to study the plate response of large windows, loading micro-

phones were placed to measure inside and outside pressures on the large

glass window in the garage of E-1 for a number of XB-70/B-58/F-104 flights,

see Table G-3. A strain gage was located at the center of the window,

see Figure C-22. Strain displacements at the center of the window and

the corresponding pressure signatures for three typical missions are

shown in Figures G-23, G-24, and 0-25. It is evident from the strain

records that the window response to sonic booms from the flights was pri-

matrily in the first mode of vibration. On the strain records for the

F-104 and XB-70 missions the second symmetrical mode, which corresponds

to two vertical nodal lines at the third points of the window, was alsr

present (Figure G-26). The amplitude of the second mode strain was less

than +20 percent of the first mode strain which means that the corres-

ponding displacement amplitude was 2.2 percent of the first mode displace-

r-nt.

Predicted deflect ions of the window were plotted versus measured

detlections in Figure G-27. The predicted defiections were calculated

using OAF :alues from spectra curves derivea from free field signatures

together with the corresponding free field peak positive overpressures.

A% the large window was located on the side of structure away from the

inbound boom pr.-snure wave, a trailing vector factor was used in the cal-

cul.tt ions to reduce the free field Peak overpressure values.

Kacling displatcrments at the roof lines were negligible (less than

,i.iHV')" when F-I and V-2 were sut|jeeted to booms in the order of 2 p 4 f.

the r.,&itng di%piacenents caused by F-l04 inad B-58 missions with similar

peaL ,-rprU-,ure% were ;evneraltv larger than those due to Xi-70 missions.

svver.tl factors c-au-ed this trend in response; signature duration, air-

Sr vspted. an! i'ulling length, all of which affect the net pressure
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signatures on the houses. Pressure signatures for the east wall and west

wall .,nd net pressure on the structure for typical east to west overhead

flights of XB-70/B-58/F-104 aircraft are shown in Figures G-28, G-29, and

G-30. For the missions shown, the time lag between the start of the boom

on the east wall and the west wall (building length divided by the speed

of the aircraft) was 0.027, 0.031 and 0.033 seconds for the XB-70, B-58,

and F-104 respectively.

Investigation of the net pressure signatures indicated why the

response was greater for the B-58 and F-104. For these two aircraft, the

net pressure signature was a distorted N-wave. However, the XB-70 net

pressure signature was greatly changed and was reduced to two very short

pulses separated by approximately 0.25 sec. This net pressure signature

produced considerably smaller deflections, as would be expected.

In the light of these f3cts, it is reasonable to expect that the

future SST, with a faster speed and a pressure signature of longer dura-

tion, will produce racking deflections of a typical house that will be of

the same order of magnitude, or more probably smaller, than those produced

by the 2B-70 for comparable overpressures. However, the magnitude of

deflections caused by booms of 2 psf overpressure were extremely small for

all aircraft, and were below levels where damage could be expected to
l

occur.

DAMAGE COMPLAINTS AND INVESTIGATIONS

Edwards AfB is located near a number of small cities such as

Lancaster, Rosamond, Tehachapi, and Mojave. It was anticipated that the

aircraft while flying test program missions at supersonic speeds would

overfly some of these populated areas in addition to personnel housing

and other buildings at Edwards. Therefore, provisions were made to have

an engineering investigator inspect each complaint. In addition, a sur-

vey was made of all glass windows in structures at Edwards AFI prior to

start of test flights in order to establish a fairly reliable basis for

determining what glass damage was caused by sonic booms produced by the

test program.

There are 411,730 windo- panes, including glass doors, in the resi-

dinti.sl ntru.-turr%•dnd hOhhl) panes of glass In the other buildings on

C-I-18
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the Base. A total of 400 cracked panes were reported in the residential

structures during the pre-test survey. During the test program, only

three broken windows were reported that could be attributed to the test

flights. A total of 269 cracked panes and 25 broken or missing panes

were reported for the other buildings during the pretest survey. No

complaints of glass damage to these buildings were received during the

test program.

During the June 1966 overflights all 3-58 supersonic flights were

flown in a racetrack pattern, that is, the craft made two 1800 turns at

supersonic speeds after completing the run over the test structures.

Of necessity, this racetrack pattern caused sonic booms to be produced

over several cities that are located south and west of Edwards AFB. A

total of 50 complaints of damage that could be attributed to the test

program were received. Thirty-three of these complaints after investi-

gation appeared to be for damage that could have been caused by sonic

booms. About 591 of all complaints received were for alleged glass

damage, 17% for stucco damage, 12% for structural damage, 9% for bric-

a-brac, and 3% for bothersome noise. No damage was observed in the two

test house structures constructed on the Base or in the leased structure

in Lancaster.

During the 31 October to 17 January portion of the program, ten

complaints of alleged damage were received. Of these, four were for

glass damage, four for bric-a-brac, none for stucco or plaster, one

for structural damage, and one was unknown as the caller did not specify

the type of damage. After investigation, seven of the complaints appeared

to be for d:&mage triggered by a sonic boom with two bric-a-brac complaints
aipparently caused by SR-Il flights that or-rurred on days when no test

prorram flights were flown. The structural damage complaint and The

tine tor glass damage did not appear to be for damage that coulc baie

been caused by a sonic boom. It seems reasonable that the major reason

for the decreas-' o damage complaints during the latter phase of the

program is the [act that only the XB-70 flights continued at supersonic

"%pet-d tlter passing over the test structures on the Base. All B-58 and

F-it- wlaghti -itrted to ,-ubsonic speeds shortly after passing over the
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test structures. No discernible damage from sonic dooms was observed

in the test structures on the Base.

Appendix G-2 discusses in detail all complaints received during

Phases I and II of the Edwards Program, the results of investigations

and the number of claims paid. Appendix 0-3 describes the pretest

flight window survey at Edwards and the complaints of window damage

received due to test flight bocms.

DAMAGE PREDICTION

The prediction of damage to a structure or structural elements from

a sonic boom involves the consideration of many factors, some of which

are quite complex. It presently appears possible to predict the response

of a structural element to a sonic boom. It a response, for example,

displacement, of a structural element is known, the stresses in the ele-

ment can be calculated. In order to predict the magnitude of a boom

from a specified aircraft that will cause a crack in a given structural

element, the average displacement to cause a probable first crack has to

be calculated. From this displacement, the equivalent static load re-

quired to cause this displacement can be calculated. This static load

in pounds per square foot can then be compared with the applicabie DAF

to obtain the average magnitude of boom required to cause damage.

Prediction includes an element of uncertainty. However, when

statistical methods are used in predictions, this uncertainty is ex-

pressed as a probability. To obtain this probability, the strength of

the structural element as well as the loading on the element must be

regarded as random variables. The randomness of the loading can be

obtained from observations made during the test program. Little is

known, howevc., about the strength and the randomness of the strength

of older in-place materials. To use statistical methods in such a case,

a distribution of the strength must be derived in accordance with avail-

able data. In order to predict damage, much more data are needed on

the strengths of in-place structural materials and the characteristics

of the structures and structural elements. Structures and structural

elements need to be classified as a function of size, materials, age,
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natural frequency, and damping. There are little data available about

the in-place strength or capacity of each type of structural element in

each classification.

SUARY OF RESULTS

The analysis of structural response data and the investigation of

the methods for predicting structural damage are in progress. The pre-

liminary findings are as follows:

1. Sonic booms from large aircraft such as the XB-70 and the fu-

ture SST will affect a greater range of structural elements

than will smaller aircraft such as the B-58 and F-104; these

results are predictable from a knowledge of the characteristics

of the boom signature and the response characteristics of the

structural elements.

2. No damage was observed in the test structures during these ex-

periments that could be attributed to sonic booms; however,

some damage was alleged to have been caused by sonic booms in

houses in the vicinity o1 EAFB during the period of these

tests; a total of 57 complaints of damage were received which

resulted in the filing of 19 claims against the government for

alleged sonic boom damage.

3. A pretest survey of some 110,390 panes of glass on Edwards

AFB revealed that 694 were cracked, broken, or missing. Dur-

ing the test program, only three complaints of glass damage

were reported that could be attributed to sonic booms from

the test flights.
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Annex G, Part I

Appendix G-1

CONSTRUCTION OF TEST STRUCTURES
FOR SONIC BOOM EXPERIMENTS AT EDWARDS AIR FORCE BASE

The types of test structures to be constructed and Instrumented were

selected after review of many different house plans. Two houses were

selected, National Homes Model 8603, a two-story house and Model 9855,

a one-story house. These two models have been mass produced and constructed

In the mid-west. A survey of the midwest area indicated that these homes

were typical of contemporary midwestern construction.

Model 8603 is a two-story home with four bedrooms, two and one-half

baths, living room, dining room, kitchen and family room with a total

living area of 1,905 square feet. Model 9855 is a one-story home with

three bedrooms, two baths, living room and kitchen dining-family room

with a total living area of 1,205 square feet.

Upon receipt of approval of the Contracting Officer a Notice to

Proceed with construction of the two structures to be built on Edwards

Air Force Base was issued on 24 April 1966. The contractor began work

on the following day. The leased structure in Lancaster was built to

specifications identical to the two-story structure at Edwards Air Force

Base and construction started 1 May.

Blume representatives were assigned to Edwards Air Force Base and

Lancaster to monitor the construction of test structures. Photographs

were taken periodically of each structure to record construction tech-

niques and progress. The basic construction materials are listed In

Attachment A. The construction of the houses at Edwards AFB included

the required extensions of sewer, water and butane gas services, con-

struction of concrete driveways and sidewalks, and other minor work

necessary for installation and operation of test equipment. All test

house construction was completed on I June 1966.

G-I-l-C
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Drawings of Model 8603 at reduced scale are included in Attachment B.

The'se drawtngs represent the "As-Built" condition of the structure.

Pivast note that Model 8603, structures E-2 and L- 2 were actually con-

structed opposite hand to the drawings. In other words, with the front

of Model 8603 lacing south the garage is on the west side of the structure.



ATTACIVIErT A

CONSTRUCTION MATERIALS USED

Mud Sills Pressure Treated Foundation Grade
Redwood

Floor Joists Douglab Fir Construction Crade

Sub Floor 5/8" Plyscore Plywood

Trusses 2" x 4" "Gangnail" Wood Trusses

Wallboard 1/2" U.S. Gypsum

Studding Standard and Better Douglas Fir

Roof Sheathing I" x 6" Standard and Better Douglas Fir

Glass Double St rength Libby-Ow.ens-Ford and
Pittsburg Plate Class

Insulation 3 1/2" Owens-Corning Fiberglass with
Aluminum Foil One Face

Roof Shingles Asphalt 235#, U.S. Gypsum

All Concrete Local Aggregate 5 Sacksof Cement per Yard

Siding Ship-Lap Redwood

G-I- I-3
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Annex G, Part I

Appendix G-2

COMPLAINTS RECEIVED AND RESULTS OF
INVESTIGATIONS OF COMPLAINTS CAUSED BY

SONIC BOOM EXPERIMENTS AT EDWARDS AIR FORCE BASE

by

John A. Blum- & Associates Ilsearch Diviston



Annex 6, Part I

Appendix G-2

COMPLAINTS RECEIVED AND
RESULTS OF TINVESTIGATIONS OF COMPLAINTS

JABARD uas assigned the responsibility to investigate all claims and

major complaint., of sonic boom damage resulting from the Eduards AFB-

Lancaster test flights. Complaints were receive(] bi the Base Claims Office

uiith daily sulnlmarifes furnished to JABARD personnel during the test flight

period. Base Civil Engineering also receive([ complaints from personnel

occupying residential housing on the Base. The total number of complaints

received an(I initially attributed to the.Edwards Test Program are as

follows:

OFFICE RECEIVING COMPLAINT NUMBER OF COMPLAINTIS
Phase I Phase 11

Edwards AFB - Claims 31 12

Eduards AFB - Civil Engineering 8

Air Force Plant .12. Palmdale 2

61

Ph1ASE I COMPLAINTS

Table G-2.1 lists all complaints received hiring Phase I of the

Test Program. The date each complaint was received, and the date and

time of day alleged damage occurred are given. Teti of the 61 complaints

received were- either information call. (Ju-mt worried that damage might

occur) compli aInts ab~ut sonic boom noise,* or damage that occurred prior

to the( Program or from other causes -Auch as shot from a bov si B-B gun.

Of the remaining fifty-one complaints. thirty-three after investigation

appeared to be valid damage complaints. It should be noted that in many

vases of glass complaints repairs had been made prior to the arrival of

hike enrinfeer- Investigator, or the cause of the cracks In the glas.s could

1111f be d. El ii Ijt e I'%- t-tabi Ished to Ix- fron causes other thani son i botm.



TARLE C:-2. I

SUMARY OF COMPLAINTS ATTRIBUTED TO PHASE I

BY LOCATION, DATE, AND TIE

(':pL.iW Date of Receipt Time of Occurrence of Allegstd Damage
.oratinn of Complaint Date Time of Day

61 Lancaster 1 August 6 June 1000-1030
I Tehachapi 6 June 6 June 1000-2000
3 Lancaster 6 June 6 June 1000-2000
6 Rosamond 9 June 6 June 0900-1100
57 EAFB -- 6 June --
7 Barstow 9 June 6 June am
YEAFR -- 6 June --

2? Tehachapi 20 June 6 June am
5! EAFM -- 6 June -

2 Barstow 7 June 7 June 0930-1030
SRosamond 9 June 7 June 0900-1100
7 Barstow 9 June 7 June am
2? Tehachapl 20 June 7 June am
4 EAFB 8 June 8 June 0908
6 Rosamond 9 June 8 June 0900-1100
7 Barstow 9 June 8 June am
44 Barstow 27 June 8 June 0930
6 Rosamond 9 June 9 June 0900-1100
7 Barstow 9 June 9 June am
a Lancaster 10 June 9 June am
12 Tehachapi 13 June 9 June 0930
58 Barstow 9 June Prior to Program --
13 FAFB 9 June 9 June 1400
9 Palmdale 13 June 13 June am
11 Lancaster 13 June 13 June W9Y3
IA Tehachapi 14 June 13 June am
U• 1ancaster 20 June 13 June 1000-1100
11 Rosamond 13 June 13June --
31 Lancaster 21 June 14 or 15 June 0915
bo Lancaster 24 June 14 June 1200

EAPB -- 15 June 1600-161W
14 Lancaster 22 June 16 June --
16 Tehachapi 20 June 20 June 1030-1100
1 Tehachapi 21 June 20 June 1022
21 Tehachapi 20 June 20 June 1043
2) Tehachapi 20 June 20 June 1044

I.ancaster 20 June 20 June 1000
Lancvaster 14 July 20 June --
Ouartt Hill 21 June 20 June am
Thart? 9iMl 20 June 20 June 1045

i ebI ehh.mpi 22 June 20 June 1015
Tchachapi 6 July 20 June --
Quir. 1111) 20 June 20 June 0910
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Complaint Date of Receipt TJme of O('ccrrencn of Alleved Dar,1i'eNumber Location of Complaint Date Time of !)av
33 Lancaster 20 June 20 June 091037 Quartz Hill 24 June 20 June am38 Lake Isabella 20 June 20 June 091542 Quartz Hill 21 June 20 June am34 Lancaster 22 June 20 June __20 Tehachapi 21 June 21 June am30 Lancaster 21 June 21 June 131540 Lancaster 23 June 21 June --41 Quartz Hill 22 June 21 June 090542 Quartz Hill 21 June 21 June am46 Tehachapi 1 July 21 June 091048 Quartz Hill 21 June 21 June --54 EAFB -- 21 June49 Lake Hughes 21 June 21 June 0905-0q4551 EAFB -- 22 June"53 EAFB -- 23 June24 EAF8 23 June 23 June 084558 Tehachapi 24 June 23 June 095523 Tehachapi 23 June 23 June 085535 Palmdale 23 June 23 June 0912-125656 EAFB -- 1965

5 Lancaster 21 June Week of 6 June32 Lancaster 22 June 17 - 11 June18 Tehachapi 17 June
36 Lancaster 22 June
39 Quartz Hill 22 June
43 Palmdale 27 June
47 Lancaster 7 July ?
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All -I thit- itfty-one "valid" complaints were investigated except

one witlh e was classifited as an Information call. For each complaint,

AFLC Forms 66•46 66t9, and 670 were used for recording the facts found

diring the engineer's investigation. In addition, special note was made

of thiet physical orientation of the damaged item in each structure. Com-

plaint-i were classiflt'd as to whether they involved glass, plaster or

stuctiti, hric-a-brac, structural elements or noise,

IESCRIPTION OF iFlIGITS

Two primary heading.s wtre flown by most of the aircraft during the

three weeks of testing. From 3 June through 12 June flights were flown

from east to west on a heading of 2-15 magnetic. Flights from 13 June

through 23 June wtere flown east to west at 233P magnetic. Figure G-2.1

shois the scheduled supersonic "racetrack" course flown by B-51 aircraft

from 31 June through 12 June with the location and type of complaint re-

ci-ived plotted thereon. rThe B-35 aircraft maintained essentially constant
speed throughout the, racei rack" p:ittern. Radar plots indicate that some

aircraft did not fullow the radius of turn indicated. Some flights were

ottl plotted altter the aircraft started the turn to the north. Note that

the least distance from the fltight track to the Lancaster test structure,

L-2, is about 13 miles. A total of 52 B-5S flights at Mach 1.5 to 1.65

were, flown over this racetrack course. Table G-2.2 lists the number of

flights fP'r each aircraft flown supersonically as part of the test program

dtlring tlie 3 June to 12 June period.

Figure G-2.2 shows the scheduled supersonic "'racetrack" course flown

bv I1-58 at rvrlt frot Ii June through 23 June with the location and type

tof complaint plotted thereorn. the 3east distance from the flight track

to t1h La.tcaster test structnrt (or the 2333 magnetIc track is about

S iii Iv-., A ftotal o~f 47 11-514 fitghts at s;peeds of Mach 1.5 to 1.65 were

atiown ov-er this eourse. Table G-2.3 lists the number of flights for each

.1, t-ralt I lown sNlui'rso0nseaaliv as part of the test program from 13 June

through 23t Jotni..

t-I -1- I



II

L-2-I

£; 0

Io J

Lo 4 I

LJJ J81I



TABLE G-2.2

AIRCRAFT FLIGHTS 3 JUNE THROUGH 12 JUNE

Aircraft No. of Flights Primary Heading Comments

B-58 52 2450 M Racetrack Course

XB-70 3 2450 M (I @ 2620 M) Straight Course

F-104 3 -- Straight Course

F-106 18 -- Straight Course

SR-71 1 -- Straight Course

TABLE c-2.3

AIRCRAFT FLIGHTS 13 JUNE THROUGH 23 JUNE

Aircraft No. of Flights Primary Heading Comments

B-58 48 2330 M Racetrack Course

F-104 34 2330 M Straight Course

SR-71 2 -- Straight Course

YF-12 2 -- Straight Course

G-I-2-6
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LOCATION AN)D TYPES OF DAMAGE

The engineer's investigation reports were analyzed in conjunction

with the log of actual flights and radar plots to determine if the type

and speed of the aircraft and the location of the flight path could be

correlated with the alleged damage. With the number of flights flown

daily and the short time interval between flights, it was difficult to

pinpoint a specific boom as the cause of damage at a particular location.

The major problem was that persons filing complaints could, as a rule,

give only an estimate of the time of the boom which caused the damage.

This time estimate often spanned an hour, occasionally a whole morning.

In addition, many of the radar plots did not show the entire supersonic

track of each aircraft. A few of the plots started before the aircraft

reached Barstow. Many plots stopped at the "turn" point of the race-

track course.

3 June through 12 June

The complaints received were classified as to type; glass, plaster

or stucco, bric-a-brac, structural elements or noise. Table G-2.4 ' sts

all complaints attributable to the 3 June - 12 June flights. Of the

1i4 complaints received, five appear not to be valid, i.e., information

call, damage occurred at a time other than during test flights or damage

was due to causes other than sonic boom.

In two instances during the 3 to 12 June period, specific booms can

be related to damage.

Barstow - 7 June - A large window was reported broken at
about 0930. The radar plot started some distance to the
cast and shows a B-58 aircraft maneuvering to get on the
track heading at about this time. It appears that Barstow
was less than five miles off the track of this incoming
ai rcraft.

Edwards AFB Housing - 8 June - A bric-a-brac complaint was
received from the Base housing area claiming damage to a
figurine that fell from a shelf at 0908. The flight log
data show a boom at 0908 at Radar Control uhilch is not far
removed from the housing area. This was a flight displaced
5 miles north of the flight track over the test structures
or almast over thIe Base housing area; it was recorded as a
1. 17 pst h)oom11 at the test house location on the Base.

Best Available Copy



TABLE C-2.4 - COMPLAINTS RECEIVED

(3 June - 12 June 1966 Track at 2450 Mar)

1. Tehachapi - 0 Glass D - May not file claim
2. Barstow - R Class (large plate) A - Claim filed
3. Lancaster - 0 Bric-A-Brac and Glass A - Will not file claim
4. EAFB - R Bric-A-Brac A - Claim filed and paid
5. Lancaster - 0 Glass No damage - just worried
6. Rosamond - 0 Plaster and Stucco D
7. Barstow - 0 Stucco D
8 Lancaster - ? Bric-A-Brac Information call, did not investigate

12. Tehachapi - 0 Plaster A
13. EAFB - R Glass (porch light) D - Time reported does not coin-

cide with program flights
44. Barstow - 0 Stucco D
52. EAFB Glass A - Possibly caused by program

insufficient data available
55. EAFB - R Class Insufficient data available
57. EAFB - R Glass D - Window broken by B-B gun
59. Barstow- 0 Glass D - Damage occurred prior to

program

61. Lancaster- 0 Class No claim filed.

TOTALS BY TYPE (One complaint involves two types of damage)

Glass Plaster and Stucco Bric-A-Brac

10 4 3

COMPLAINTS - AREA TOTALS

EAFB 5
Tehachapi 2
Barstow 4
Lancaster 4
Rosamond 1

A - Recommend approval of payment if claim is filed.
D - Recommend denial of payment if claim is filed.
0 - Owner
R - Renting
? - 0 or R information not available

G-1-2-9



13 June thriugh 23 Jun.

The number of complaints increased markedly with the change in

flight headting, however, nearly half of the complaints occurred on two

days. Table G-2.5 lists all complaints received which are attributable

to the 233l magnetic heading. Nineteen incidents of damage in eighteen

complaints were reported on 20 anti 21 June. Included in these two days

are all complaints from the quartz Hill area, one from Lake Isabella,

four from Lancaster and six from Tehachapi. Both days included a number

of flights with 3 psf nominal overpressures. Average overpressures re-

corded at Edwards AFB show three booms over 3 psf, eight over 2.5 psf,

four over 2.0 psf, all other except two flights over 1.5 psf. The radar

plots show an aircraft at 0935 on 20 June descending before reaching

Rosamond. Complaints from Quartz Hill and Lancaster give estimates of

damage occurring both before and after this time. The radar plots also

show several aircraft, which can not be identified by time, in descent

on both 20 and 21 June in the vicinity of Tehachapi. No complaints were

received for booms on the 15th and lft!.: of June and only one was received

for damage occurring on the 1-1th. The maximum average overpressure re-

corded at Edward:4 Test Structure E-2 for these three days was 3.75 psf

at 0915 on 15 June 1966.

Tables G-2.6 and G-2.7 list complaints by type and aircraft heading,

and by location and aircraft heading respectively.

For flights flown on a 2330 magnetic heading, two specific flights

can be related to damage:

Teharctapt - 20 June - The Postmistress happened to be looking
at a clock opposite her desk at the time a boom (1) broke a
window in the U.S. Post Office and (2) extended cracks and
broke a window in a department store in the same building.
The t inte was noted as 10-13, the radar plot indicates a B-S8
aircraft at that time had just turned onto the easterly leg
of the track a short distance beyond Tehachapt.

l.ak' Isabetlla - 20 June. - A witndow was reported broken at
approximately I011M The radar Ilo1t shows a B-SM aircraft
in a .,upersti..- c turn fin the vicinity of Lake Isabella
at !•)•0. This is approximately 3u miles north of the re-
luilt-i It1t " t lhit I rack.

--------- -



TABLE G-2.5 - COMPLAINTS RECEIVED

(13 June - 23 June 1966, Track 2330 Mag:

Location Type Results of Invcstigation

9. Palmdale - 0 Glass A
10. Lancaster - 0 Glass A - Claim filed and paid
11. Rosamond - 0 Bric-a-brac and plaster A - Bric-a-brac

D - Plaster
14. Tehachapi - 0 Class A - Claim Filed
15. Lancaster - 0 Structural (Exposed ceil-

ing, beams twisted) D
16. Tehachapi - 0 Glass A
17. Tehachapi - 0 Class A - Claim filed and paid
18. Tehachapi - 0 Glass D - Old paint in crack
19. Tehachapi - 0 Class (2 complaints on A - Claim filed and paid

consecutive days)
20. Tehachaoi - 0 Class A - Claim filed and paid
21. Tehachapi - 0 Glass (large plate) A - Claim filed and paid,

building leased by U.S.
Post Office.

22. Tehachapi - R Class (large plate - 2) A - Claim filed and paid, same
bldg. as U. S. Post Office.

23. Tehachapi - R Glass (large plate) A - Claim filed and paid
24. EAFB - 0 Class (Windshield) Complaint withdrawn.
25. Lancaster - R Class A - 75%
26. Lancaster - 0 Glass (2 large, laminated A - Negotiate settlement,

tinted plate)
27. Quartz Hill - 0 Structural (Light fixture D

fell)
28. Quartz Hill - 0 Class A
29. Quartz Hill - 0 Class A
30. Lancaster - 0 Structural and Plaster A - Will not file claim.
31. Lancaster - 0 Bric-a-brac A
32. Lancaster - 0 Glass (T.V.) D - Probably will not file claim
33. Lancaster - 0 Class A - Claim filed and paid
34. Lancaster - 0 Stucco D - Probably will not file claim
35. Palmdale - R Class A - Partial payment, inspected

by Sgt. Talley
36. Lancaster - 0 Plaster and Stucco D - Will not file claim
37. Quartz Hill - 0 Class A
38. Lake Isabella - 0 Glass A - Claim filed, partial pay.

one pane broken before.program
39. Quartz Hill - 0 Structural (Irrig. piping) Information call, will not

file claim
40. Lancaster - 0 Plaster A - 50% claim filed and paid
41 Quartz Hill - 0 Structural (Attic access Information call, will not

cover) file claim
42. Quartz Hill Glass A
43. Palmdale - 0 Structural (Reservoir D - Will not file claim

crack)
45. Tehachapi - 0 Structural (Brick column) D - Will not file claim
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TABLE G-2.5 Continued

Location Type Results of Investigation

46. Tehachapi - 0 Glass A
47. Lancaster - 0 Glass and Tile A - Class

D - Tile
48. Quartz Hill - ? Noise Complaint thru AF Plant 42.

no damage reported
49. Lake Hughes - ? Noise ComplAint thru AF Plant 42

no damage reported
50. EAFB - R Glass A
51. EAFB - R Glass A
53. EAFB - R Glass D - Insufficient data available
54. EAPB - R Glass D - Insufficient data available
56. EAFB - R Class D - Window broken in 1965.
58. Tehachapi - R Class A
60. Lancaster - ? Light Fixture

TOTALS BY TYPE (Several involve more than one type of damage)

Class Plaster and Stucco Bric-A-Brac Structural Noise
31 6 2 7 2

COMPLAINTS - AREA TOTALS

EAFB 6
Tehachapi 12
Rosamond 1
Lancaster 13
Quartz Hill 8-
Palmdale 3
Lake Isabella 1
Lake Hughes 1

*A - Recommend approval of payment if claim is filed
D - Recommend denial of payment if claim is filed
O - Owner
R - Renting

- 0 or R information not available.
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IALE C-2.6 - LO"!I.AINrS BY TY11 AI1 AM•(WAFT IHEADIPG

Track Plaster Bric-
and and a-
Dates Glass Stucco Brac Structural Noise Total

2450 Hag
3-12 June 7 4 3 0 14

2330 Hag
13-23 June 31 6 2 7 28

*4 Complaints involved two types of damage

TABLE G-2.7 - COMPLAINTS BY LOCATION AND AIRCRAFT HEADING

AREA 2450 Hag 3-12 June 233°0 ag 13-23 June Total

EAFB 5 6 11
Tehachapi 2 12 14
Rosamond 1 1 2
Barstow 4 0 4
Lancaster 4 13 17
Quartz Hill 0 8 8
Palmdale 0 3 3
Lake Isabella 0 1 1
Lake Hughes 0 1 1

TOTALS 16 45 61
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A complaint was received from a high school district claiming a row

"of light fixtures had fallen due to sonic booms during the Morning of

20 June 1966 at their high school. The school is located approximately

nine miles south of the flight track and approximately 7.5 miles SW fror.

the test house L-2 in Lancaster. The maximum average overpressure re-

corded at L-2 on the 20th of June was 1.77 psf for Mission 98B at

time 1016. The fixtures involved were eight-foot long industrial, fluo-

rescent, two-tube fixtures, mechanically connected to form one row. They

were hung with five lengths of "S" type chain approximately five feet

long which were fastened to the metal roof decking. At approximately

1300 on 20 June the fixtures were found on the floor partly draped

across a chair. Icvestigatton showed that many of the chain links sup-

porting the fixtures had been, at some unknown time, opened sufficiently

(the links were almost L-shaped) for the chain to come apart, thus allow-

lng the fixtures to fall. Static loading tests were conducted on pieces of

the fixture chain and on pieces of almost identical new chain. These tests

showed the supporting chain to have a separating strength of 125 pounds;

the fixtures had a dead load weight of 70 pounds. Under normal condi-

tions this difference between the dead weight load and the ultimate strength

of the supporting chains would imply an inadequate margin of safety. Never-

theless, even when extreme conditions of sonic boom loading were assumed

it was not possible to predict loads exceeding the 125 pound ultimate

strength of the supporting chaiun. After this detailed investigation it

was concluded that sonic bhoms could not and did not cause the chain links

io deform and the fixtures to fall.

Of the total "valid" complaints received, 35 were made by owners of

the structures involved. A total of 16 claims have been filed with the

Eduards AFB Claims Office. Fifteen of these claims for a total of

$1,359.93 have been paid. One claim is still pending.

Thi cromhbined population of Palmdale, Lancaster, Rosamo)nd, Quartz Hill

ard Tehachapt is about .15,0100. Assuming 19 window panes per person.' a

1 Southwest Iht•st-arch Institute Report, Evaluation of Window Pane Damage

Intrnsitt in San Antonio Resulting from Explosion at Medina Facility
of November 1- 1 963.



total or about 850,000 panes were subje ted to oonic boor-,, A.%urring

11 panes per person (based on th. total number of %indm- panes at

Edwards AFB) a total of 495,000 panes of all sizes were subjected to

sonic boom. A total of 30 complaints of glass pane damage %as ruceived

for the 13 to 23 June period. Forty-seven B-58 flights were flown re-

sulting in an average of 0.64 complaints per flight or about one cracked

pane per 0.77 to 1.33 million exposures.

PHASE II COMPLAINTS

Table G-2.8 lists complaints received that could be attributed to

flights during Phase II (31 October 1966 through 17 January 1967). Three

of the complaints were for alleged damage that occurred on days when no

Test Program flights were flown.

Five glass damage, four bric-a-brac, and two structural damage com-

plaints were recorded. After investigation seven of the complaints were

recommended for paynent if claims are filed; five could be assigned to

test program flights. As of April 10, 1967, three claims have been filed

and N40.00 has been paid for one approved claim. Two claims are still

unsettled. Table G-2.9 presents a summary of claims received during

Phase II.

SUMMARY OF FINDINGS

The above text has presented the status of complaints and claims as

of 10 April 1967. Overpressure measurements are not available for the

major complaint areas.

The following comments can be made:

1. No sonic boom damage was observed in the test structures

prior to or after the test flights. There were minor
shrinkage cracks in the test structures prior to start
of test flights. However, no discernible extension or
widening of these cracks was observed although observa-

tions were made and recorded daily.

2. Alleged glass damage represents 63 percent of all complaints
received, 14 percent for plaster or stucco, 12 percent for

structural, 8 percent for bric-a-brac, and 3 percent for
bothersome noise.

0-1-2-15



TABLE G-2.8

SUMARY OF COMPLAINTS ATFRINTED T0

PHASE II BY DATE, LOCATION AND TIME

Time of Occurrence of
Complaint Date of Receipt Alleged Damage
Number Location of Complaint Date Time of Day

62 Lancaster 11/10/66 11/10!U6 Unknown

63 Mojave 11/16/66 11/16/66 1150

64 Lancaster 11/25/66 11/23/66 1035

69 Lancaster 11/28/66 11/23/66 1004 & 1150

ii EAFB 12/1/66 12/1/66 1040

66 CA7H 12/1/66 12/1/66 0130 - 1515

67 Rosamond 12/8/66 12/8/66 1230

68 Rosamond 12/8/66 12/8/66 1239

70 Mojave 12/15/66 12/8/66 1200

71 Lancaster 1/3/67 Damage not related to

any boom.

72 Lamont 1/17/67 1/17/67 1015 - 1020

G-I1-I-6



TABLE G-2.9

SUMMARY OF COMPLAINTS AND

RFSULTS OF INVESTICATION

Complaint
Number Location Typ1 e of D,'mage Results of Investination

62 - 0 Lancaster Glass A - XB-70 - 8 miles south of
designed track.

63 - R Mojave Glass A - B-58 turning over Mojave
64 - 0 Lancaster Bric-A-Brac A - XB-70 approximately 1.25

miles north of residence.
65 - R Edwards AFB Bric-A-Brac A - Not Caused by program flights.
66 - R Edwards AFB Bric-A-Brac A - Not Caused by program flights.
67 - 0 Rosamond Glass D - B-58 over Rosamond 12/8/66.
68 - 0 Rosamond Bric-A-Brac D - Not caused by program flight.
69 - R Lanacaster Structural D - Not boom damage.
70 - 0 Mojave Glass A - B-58 over Mojave
71 - o Lancaster Structural D - Not boom damage
72 - 0 Lamont Glass A - XB-70 turning over Lamont

(approx. 7 ml. south of Bakersfield)

0 - Owner
R - Renting
A - Recommend approval of payment if claim is filed
D - Recommend denial of payment if claim is filed

CLASS STRUCTURAL BRIC-A-BRAC

5 2 1

YJB-70 - 2 2 not boom damage D3-70 - 1
5-58 - 3
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3. The glass panes damaged ranged in size from 1.3 square

feet to 82.5 square feet (Barstow store front). See
Table G-2.10.

4. Glass damage was often repaired before the engineer could
investigate the alleged damage and hence, the validity
of all glass claims could not be definitely established.

5. The large decrease in number of complaints during Phase TI
can be attributed to two factors; (a) the 8-58 aircraft

made turns and other maneuvers at supersonic speed over
several cities during Phase I, and (b) during Phase II
only the XB-70 flew supersonically over cities near to

Edwards AFB.

G-1-2-18



TABLE G-2.1O

SIZES OF DAMAGED GLASS

PreviousLocation Condition SS.Ft. Size of Glass in Feet Frame Orientation

Tehat.hapi Cracked 17.2 2.75 x 6.25P (Sliding Door) Al. South
Barstow Good 82.5 8.5 x 9.7P (Store Front) Al. Southeast
Palmdale Cracked 6.0 1.5 x 4W (Fixed) Al. South
Palmdale Good 6.0 1.5 x 4W (Crank out) Al. South
Lancaster Good 9.9 3 x 3.3W (Sliding) Al. East
Tehachapi Good 16.2 3.6 x 4.5W (Fixed) Wood West
Tehachapi Good 10.8 3 x 3.6W (Fixed) Al. North
Tehachapi Good 6.25 2.5 x 2.5W (Vert. sliding) Wood East
Tehachapi Good 9.0 3 x 3W (Fixed) Al. West
Tehachapi Good 9.0 3 x 3W (Fixed) Al. Vest
Tehachapi Good 4.2 5.6 x 7.5P (Store front) Al. East
Tehachapi Good 62.0 6.75 x 9.2P (Store front) Al. East
Tehachapi Good 23.5 2.25 x 9.2P (Store front) Al. East
Tehachapi Good 20.25 6.75 x 3P (Store door) Al. East
Quartz Hill Good 5.0 2 x 2.5W (Hor. sliding) Al. West
(Lancaster) Good 4.4 2.2 x 2W (Vert. sliding) Wood East
Quartz Hill
Palmdale Small 63.0 7 x 9P (Store Front) Al. Worth

crack
Lake Isabella Good 7.6 2 x 3.8W (Hor. sliding) Al. East
Lake Isabella Good 1.3 1 x 1.3W (Hor. sliding) Al. North
Tehachapi Good 23.75 3.75 x 6.31 (Fixed) Al. South
Lancaster Good 6.0 1.5 x 4V (Crankout) Al. South
Lancaster Gcod 4.5 1.5 x 3W (Crankout) Al. South (Same House)
Quartz Hill Good 9.0 3 x 3W (Fixed) Al. East
Quartz Hill Good 9.0 3 x 3W (Fixed) Al. East (Same House)
Tehachapi Good 3.0 1.5 x 2.54 (Vert.aliding) Wood East
Tehachapi Good 5.0 2 x 2.5W (Vert.sliding) Wood East (Same House)
Lancaster Cracked 27.0 6 x 4.5W (Vert.sliding door) Al. West

(I")
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Previous
Location Condition Sq. Ft. Size of Class in Feet Frame Orientation

Quartz 1ill Good 2.0 1 x 2W (Vert.sliding) Wood North

Quartz Hill Good 4.0 2 x 2W (Fixed) Wood North (Same House)

Lancaster Good 8.0 2 x 4W (Crankout) Al. South

Lancaster Good 4.5 1.5 x 3W (Crankout) Al. South

Lancaster Good 4.5 1.5 x 3W (Crankout) Al. South (Same bldg.)

Lancaster Good 32.0 4 x SW (Fixed 3 layer Wood West
Laminated)

Lancaster Good 24.0 3 x 8W (Fixed 3 layer Wood West (Same House
Laminated)

Lan'aster Good 7.0 1.83 x 3.83W(Fixed) Al. East

Mojave Good 6.8 1.75 x 3.9W(Crankout) Al. East

Rosamond Poor 24.3 3.83 x 6.33P (Nor. Sliding) Al. South

Mojave Good 47.1 4.67 x lO.1P(Fixed) Al. West

Lamont Good 6.9 1.83 x 3.75W (Nor. Sliding) Al. South

Note:

Al. - denotes aluminum sash

P denotes plate glass

W - denotes window glass

G-I-3-2O
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Appendix G-3

SURVEY OF GLASS WINDOWS AT
EDWARDS AIR FORCE BASE

by

John A. Blume & Associates Research Division



Annex G, Part I

Appendix 0-3

SURVEY OF GLASS WINDOWS AT
EWIARDS AIR FORCE BASE

Prior to the test program a survey was conducted of all window glass

panes in structures located at Edwards AFB. The letter shown in Figr

urc G-3.ls and the Survey Form, Figure G-3.1b were sent to all occupants

of Base housing on 25 May 1966 via the Daily Bulletin published by the

Base. There were 2,226 residential units on the Base. Of these, 567 or

about 25 percent of the residents returned completed forms. A total of

101 cracked window panes were reported by the residents who returned forms

for a probable total of about 400 cracked panes in the population of

49,730 window panes (including glass doors) in the base residential

housing.

In addition to the residential units, all buildings and facilities

used for Base operations were surveyed. The letter shown in Figure 0-3.2a

together with the form in Figure G-3.2b were sent to the custodians of

the 2,912 buildings located on the Base. All forms were returned repre-

senting a total of 60,660 panes of glass. Two hundred and sixty-nine

cracked panes and 25 broken or missing panes were reported.

Table 0-3.1 lists the number of housing and building units, the total

number of window panes, and the number of broken and missing panes. A

total of 110,390 glass panes was exposed to sonic booms during the test

program. Of the eight glass damage complaints received, three appear to

be damage that could have been caused by sonic booms produced by aircraft

in the test program.

Assuming an average of about 4 persons per residential unit or a

total resident population of 10,000 people, there was an average of 11

window panes per person, all buildings on Base, or an average of five

panes in residential housing per person. Based on a total of 28I super-

sonic test flights over the Base during Phase I and II, there was an

0-1-3-1



average of one cracked pane per 10.6 million exposures (total panes on

Base) or one cracked pane per 4.77 million exposures of residential

glass. It should be realized that Base buildings have been exposed to

sonic booms of highly varying frequency and intensity over the past

several years.

TABLE 0-3.1

TABULATION OF WINDOW GLASS SURVEY

BASE OPERATION BUILDINGS AND FACILITIES

2,912 units

60,660 window panes total

269 cracked panes

25 broken or missing panes

BASE HOUSING (25 percent reported)

2,226 units total determined from base housing plans

'19,730 window panes total including glass door

101 cracked panes (4104 based on 25% reporting 101 panes)

0 broken or missing panes

COMPLAINTS OF DMMAGE

110,390 total panes of glass

8 broken windows reported to Base Civil Engineer Office

Of the eight complaints of window damage received, three could be

attributed to sonic booms, one had been broken for about a year, one

was broken by is D-B gun, one location had a new occupant, one wits in at

%,..t hIousa .and at one house the invust igutor was unable to contact

anyone,

Several loctation.4 were checked that hnd reported crackod panes in

the glass s.trey .mide beforu the test program began. None of the occu-

pant- .reported lhesur% ing any change in these pones during the test flights.
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flEADOUARTERS. GoýIOTH Alt £JAr- GROUP IAFhýC)
EDWARDS AIR FORCC: LASZ. CALIF. 03523 - -

REPLY TO
ATTN or. FTB

SUSJECT Sonic Boom Testing Program 25 May 1966

To, All Occupants, Base Housing

1. A sonic boom testing program, as part of the National Sonic
Boom Evuluation Program.. will be conducted at Edwards Air Force
Base. This base was selected for the test site because of its
inventory ot high performance aircraft, availability of 2300
family housing units, weather conditions, and the already existing
Air Force, NASA, and Federal Aviation Agency centers.

2. As part of this program it is necessary to record the type
and the condition of the window glass in all the buildings on
the base.

3. Please complete the attached form. by inserting the correct
number or checking the appropriate box. Completed forms must
be returned to Base Housing Office (FTBSH) not later than Tuesday,
7 June 1966. Sponsors may return forms by means of the mail and
distribution system or deliver them in person.

4. The cooperation of all personnel is solicited.

FIGURE G-3.la

Colonel, USAF/
Base Commander

GLASS SURVEY

EDWARDS AIR FORCE BASE HOUSING

1. Notice N-umber 53712. Lua ne C4 I
(Address,

2. Number of Fixed Wirndows "r 1q | .___ I E 0--3.1
(Panes of glass which can not be o2ened)

3. Number of Movable Windows __ _

(Panes of glass which can be oier.e& by slidinZ or are hinged)

4. Number of Wirdow Panes larger :han 20 s-a:•.-e feet (4 ft. x 5 ft.)
(Include doors) A, .. .......

5. Number of Window Panes t..a: arc pr•scn:ly cracked, broken or mfssin
"0' 1 2 3 4 5 or (number)

(Circle correct number of window panes)
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DLPAFITN':NT c:.'- T;- AI' FOWCE

EDWA.R()K AIR FOR•CE LAS.--. CALIF. : . - I0L

ArlN W.. 25 May 66

SULJLCT X-tional So;iic Boom Evwluation P•?:•zm: Class Survey

To; rl. Building Curztodicns

1. A portion of subject prc.•r.. is soon to be conducted at Edv'rds
Air Force z:se. Included -in the ?:o-retl Is a survey of all windc::
glass on the base; tnerefoze, it is racuested that the inclcsed fora
be coz7pleted and returned to FTY.AA-2 no later than 6 June 1966.

2. A Co=ass orientation, such as N., N.E. or E., etc., should be
listed in the proper colur.-n and the window panes can then be tallied
by their orientation.

3. Under unusuzl conditions, list t-e e;:Istence of exceptionally
la-r1e uindou:s (over 100 sq. ft.), wire. alss, unusual nountimg, etc.
These uindo-'a should be included in the reoular tally. If pacittions
with gless .re located within the buildinZ, it should be noted, but r.ct
Included in th~e tally.

1 Atch
Coloa-l, USAF Survey Form
Base Co:=zandcr

FICURE G-3.2a
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EDWARDS AIR P03ZE BIZES

BASE On~thT-I::& BiLu~DINGcs

1. Buildin.Z 1141bcr________________________

2. ITyp of Construcatior.______________________

3. __________io Sq. Ft. S. F,. sq. Ft. sq. Ft. _______________

Ii. List, location o? crac~edbr*o:em or nissinj vindov Vanes.

5.Co~zat on unusuzal conditions.

FIGURE C3.2b

G- 1-3-5
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Atwex G

Part 11

VIBRATION RESPONSES OF TEST STRUCTURES
NO. I AND 2 DURING PHASE T OF THE

SONIC BOOM EXPERINENTS AT EDWARDS AIR FORCE BASE

Thit. report is extracted from Lingley Working Papers LWP-259
prepared by D. S. Findley, V. Huckel, and H. Hubbard, and
LWP-28h prepared by D. S. Findley, V. Huckel, and H. Henderson,

of the Lingley Researcn Center of the National Aeronautics and
Space Administration.



Annex G

Part II

VIBRATION RESPONSES OF TEST STRUCTURES NO. I AND NO. 2
DURING PHASE I OF THE SONIC BOOM EXPERIMENTS AT

EDWARDS AIR FORCE BASE

I INTRODUCTION

In order to evaluate reaction of people to sonic booms of varying

overpressures and time duration, a series of closely controlled and

systematic flight test studies were conducted by the USAF in the vicinity

of Edwards, Califorr.ia, from 3 June to 23 June 1966. As a part of these

studies and in direct support of them, the NASA has measured the dynamic

responses of several building structures. The purpose of this paper is

to present in brief summary form the measurements made in a one-story

residence structure (Edwards test structure No. 1' and a two-story

residence structure (Edwards test structure No. 2.

Included herein are sample acceleration and strain recordings from

F-104. B-58, and XB-7O sonic-boom exposures, along with tabulations of

the maximum acceleration and strain values measured for each one of

about 140 flight tests. These data are compared with similar mersure-

ments for engine noise exposures of the building during simulated land-

ing approaches and takeoffs of K0-135 aircraft.

Description of the test conditions, aircraft, aircraft positioning,

weather observations, test structures, and instrumentation are presented

in Annex A.

II RESULTS AND DISCSSION

A. Inputs to ti~e Structures

One of the main objectives of the test studies was to evaluate the

responses of the structure to 4onic boor. inputs of varying wave lengths.

G-I1-1
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In order to accomplish this, controlled flight tests were performed

using F-104, 13-58, and XB-70 aircraft. Sample sonic boom waveforms

as measured from these aircraft are illustrated in Fig. 1. The main

differences in the sonic boom signatures from the above three aircraft

were in the time durations of the waves. The F-104 aircraft produced

a signature having a time duration generally less than 0.1 sec. The

B-58 signature had a time duration of about 0.2 sec, and the XB-70

produced a time duration as long as 0.3 sec. The experiments were

obtained in such a way that the overpressure AP was comparable for the

various aircraft.

In addition to the sonic boom inputs a series of flight tests were

conducted with the KC-135 airplane in order to simulate both takeoff

and landing noise conditions. During these latter noise flights, similar

building response measurements were made for direct comparison with the

sonic-boom-induced responses.

The average APl, At, and vertical wave angle values have been

measured and these are included in Langley Working Papers LIYP-259 and

L%11-288. The noise level conditions outside the building for the KC-135

aircraft flight conditions, and the associated building response data

are also reported in LWP-259.

B. Building Vibration Responses

1. House No. 1

For each data flight, acceleration ,levels were measured at 9 points

in test structure No. 1 and strain levels were measured at 3 points as

described In Table I; the results are given in Table II. A quantitative

picture of the type of time history records obtained during the sonic

b130m exposutie flights Is given by the tracings of sample records in

Figs. 2 and 3.

Figure 2 contains tracings of strain time histories recorded dur-

Ill, Mission MOl fin for three different windows of house No. 1. The

tra'e of Fiv. 20). represents a small window having a period of vibration

M1% l1 iI rn't ,tion tit' that of' the sonic boomh wave. rlhe traces of Fig. 2(a)

G-II-2 Best Available Copy



and 2(c). on the other hand, represent windows for which the periods

are comparable to that of the sonic boom wave.

Figure 3 includes acceleration time history responses from 8 trans-

ducer locations on the building for a B-58 boom exposure (see Mission

18 B). Each of these transient signals last less tV'an 1.0 sec, but

they differ widely in their detailed appearance. For instance, the

time history illustrated in Fig. 3(a) exhibits a nearly single frequency

vibration at about 20 Hz which is believed to be the first natural

frequency of the main floor joists. Similar results are given in

Figs. 3(b) and 3(c) for other floor locations. The tracings of Figs. 3(f,

and 3(g! represent ceiling accelerations and contain some higher fre-

quency content (100-200 1z) superposed on the lower framing frequencies.

The tracings of Figures 3rd), 3(e), and 3(h , exhibit a sizeable con-

tribution at even higher frequencies (several hundred cpsI which are

superposed on the lower framing or racking mode frequencies respectively.

Included in figure 4 are tracings of the acceleration responses

of the bedroom east wall (Channel i11) due to excitation from sonic

booms from three aircraft. The top trace was obtained for an F-104,

the middle one for a B-58, and the bottom one for the X13-70. They are

generally low frequency respoases with higher frequencies-of relatively

lower amplitude superposed. One distinguishing feature of these re-

cords is the high frequency bursts at time intervals corresponding

approximately to the rapid compressions of the sonic boom waves of

Figure 1.

Similar data are shown for Channel II in Figure 5. These traces

represent the responses of one portion of the building to sonic booms

from different missions of the 1-58 aircraft. Here agair the high fre-

quency bursts occur at the times of passange of the waves. It can be

seen that the records are similar in their gross features butdiffer

markedly in their small details.

The peak acceleration implitudes as determined from traces such

as those of Figures 3, 4, an(d 5 are plotted as a function of sonic

boom overpressure In Figure 6. The acceleration tmplitudes are either

0-11-3



positive or negative, whichever is the largest, from Channel 111. The

::onic boom overpressure value is the average of all ground overpressures

measured for that particular flight by the microphone array.

Data are shown ini Figure 6 for the F-lO1., D-58, and XB-70 airplanes.

By means of the coding the data obtained from overhead flights can be

differentiated from those associated with flights displaced about 5 miles

laterally. It can be seen that acceleration amplitudes vary from about

0.10 g to about 0.7 g and that despite considerable scatter there is a

general trend of increased acceleration level with increased overpressure.

The closed symbol data points seem to be in good agreement with the open

symbol points. There is thus the suggestion that the possible differences

in wave angle and rise time due to the offset distance were not signifi-

cant with regard to this particular measurement of building response. As

noted in Reference 1, the F-104 induced accelerations tend to be somewhat

higher in amplitude than those of the B-58 for given overpressure values.

Although no samples of the noise induced structural responses and

inside acoustic measurement traces arc included herein, the maximum

values have been determined from the records and are tabulated in Langley

Working Paper 239. In general tile same qualitative results were

obtained as are illustrated in Reference 2.

2. House No. 2

For each data flight, accelerative levels were measured at 11 points

in test structure No. 2 as described in Table III; the results are given

in Table IV. A quantitative picture of the type of time history records

obtained during the sonic boom exposure flights is given by the tracings

of saMPpl e 'ordls• ill Figures 7 , . antd 9.

Figure 7 tncludve& acceleration time history responses from four

tran1stucter I,-t tions on thte building for a B-51 sonic. boom exposure

-ve Moih-lon 27A . Each Otf these transient sigrals lnst appro..Amately

41.7 seOttilld IU they dilletr widely In their dtetailed appearance. For

in,;tance , the t mv llla Itr%' illust raltvd in Ftrur', 7 a exhitbits a neart v

'a sag t" I Irt'latltItt ~rt tllrt i-ia at aboullt 2o cp. whtivih as believed to be the

Il r,41 atur;a I i rtCuenltr ol the i:tan flioor .o ists . lite trOces OF
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Figurs7(b) and 7(c) represent accelerations of the ceiling joists of

the bedroom and of the downstairs wall studs respectively. It can be

seen that superposed on the main framing frequencies are higher fre-

quencies which happen to be in the audible frequency range. The trace

of Figure 7'd) represents the accelerations of the frame of the house

as measured on the outside surface at the second story floor line. Here

also Is a case where audible frequency noise is superposed on a much

lower frequency component. This low frequency component of relatively

low amplitude is believed to be the racking frequency of the house.

Figure 8 contains tracings of strain time histories recorded during

the same flight tests as the acceleration traces of Figure 7. Figure 8(a)

represents the strain response of a 7 ft. X 12 ft. plate glass window

whereas the trace of Figure 8(b) represents the strain time history of

a pane of glass with an area of one square foot in one of the upstairs

double hung windows. The large plate glass window had a natural period

of about 0.25 second which is somewhat longer than the period of the B-58

sonic boom wave. The response results are very similar to those obtained

in Reference 1 for the case where the period of the sonic boom signature

is less than the period of the structure. The natural frequency of the

small pane of glass is very much higher, and its period is only a fraction

of the B-58 wave. The result is characteristic of that obtained in

Reference I for the response of the single degree of freedom system for

the case where the period of the N-wave is several times as long as the

period of the structure.

For direct comparison with the sonic boom induced response described

above, some special experiments were performed to measure similar response

data for the case where the building structure is excited by noise from

the engines of an aircraft flying overhead. A sample pair of response

records are shown for purposes of illustration in Figure 9. Figure 9(a)

represents the tracing of a B-58 sonic boom induced building response

for Mission No. 75A. The tracing of Figure 9,b on the other hand re-

presents the same transducer at the same gain setting for the engine

noise situatlon during aircraft flyover. It can be seen in the sonic

boom case that high frequency responses are superposed on lower frequency
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response modes. In the case of the engine noise the low frequency modes

are not excited and the high frequencies dominate. It should be noted

that the response to the sonic boom is a transient having about 0.5 to

1.0 second time duration whereas the engine noise induced vibrations

are detectable for a time interval from 10 to 20 seconds. The dominant

noise induced responses occur at about 150 to 200 Hz and are believed

to be associated with the vibration of wall panels between the vertical

studs. This same frequency is also detectable on the comparable sonic

boom induced response records but is of a relatively low amplitude.

This latter result can be illustrated further with the aid of the

acceleration response record tracings of Figure 10. These time history

data are comparable with the record of Figure 9'a, and represent three

different test runs as indicated in the figure. The top trace was

obtained for an F-lO0, the middle one for a B-5M mission different than

for Figure 9'a), and the bottom one for the XB-70. Note that all are

generally low frequency responses with higher frequencies of relatively

lower amplitude superposed. One distinguishing feature of these records

is the high amplitude bursts at time intervals corresponding approximately

to the rapid compressions of the sonic boom waves of Figure 1. In the

case of the XB-70 the acceleration response to the bow wave near.', dies

out before the tail wave arrives. 1Tw separate responses can also be

observed for the B-S whereas they are not so, obvious for the shorter

time duration signnttire of the F-lO0i.

The peak acceleration amplitudes as determined from traces such as

those illustrated in Figure 10 are plotted as a function of sonic boom

overpressure in Figure 11. The aceclerati.m amplitudes are either

positive or negative whichevcer is the largest from acceleration chan-

nt, 31 L. It should lie noled that channel 311 relates to an accelerometer

uiounted on one of the studs near the center of the dininK room east wall.

rhe .4onic boom overpresure value is the average of all ground over-

pres-ure% ,,ensured for Ih.t particular 1Laiat by the microphone array.

Dat.a are sho,-Asin I -iure It for the F-WO-I. 5-"., and the X1-70)

a rp l;as. rh.f lar&:ct itum|tr of e|lita points ire for 1he D-58 aircraft.
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and these are noted to scatter widely for given values of sonic boom

overpressure. Corresponding data for the 3-104 airplane also exhibit

scatter but seem to have generally higher acceleration amplitudes than

the 3-58 for given overpressure values. The limited data for the XB-70

fall generally within the range of the B-58 data. Although there is a

general trend of increased peaked acceleration amplitudes with an increase

in sonic boom overpressure, this trend is not well defined by the data

points. A result such as this suggests that the wall acceleration

response may be a function of parameters other than sonic boom overpres-

sure and these are not properly accounted for in the figure.

A plot of peak strain amplitudes (either positive or negative' as

a function of overpressure values are plotted in Figure 12 for th'

three difierent aircraft of the tests. The peak strain values were

measured by channel 312 which represents a strain gage located at the

quarter point of the diagonal of the large plate glass window in the

front of the garage. The sensitive axis of the strain gage was perpendic-

ular to the diagonal line of the window. It can be seen from the figure

that a wide range of strain levels were measured for given sonic boom

overpressure values. Although generally higher strain values are

associated with higher overpressures, the data points do not define a

clear trend nor are there differences according to aircraft size.

WONCLUDING RDIARKS

Various acceleration and strain responses of a one-story residence

and a two-story residence structure were measured for sonic boom

exposures from F-104, D-58 and X-70 airplaneq and for engine noises

during low altitude flyovers of a KC-135 airplane. The sonic boom in-

duced vibration responses were generally less than one second in duration

and contained frequencies associated with both primary and secondary

structural components. Wall acceleration amplitudes increased generally

as a function of the sonic boom overpressure. and the F-10.1 seemed to

induce the largest amplitudes for a given overpressure. Strains in a

large window also increased generally as overpreosure increased with no
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particular trend as a function of airplane size. Considerable variation

in peak response amplitudes is noted for the same nominal flight condi-

tions. Engine noise induced vibration responses have durations of 10

to 20 seconds, and the dominant frequencies are those of the secondary

structural components. The acoustic pressures inside the rooms of the

structure had frequency contents very similar to those of the correspond-

ing wall vibration responses.
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Table I

Edwards Test House No. I

IDENTIFICATION, TYPE, LOCATION RND DESCRIPTION OF THE VARIOUS VIBRATION RESPOINSE
AND PRESSR1 TRANSDUCERS FOR WHICH DATA ARE INCDWDS ALW-2553

te Chne Tye- aaLocationi Description

A lo1 Acceleromeiter 6/3-6/23 tCenter tit Living Room Floor Nnunted on Concrete Block
Sensitive Axsi Vertical

B 102 Accelerametetr 6,'3-6243 Center ot Fami ly Nonm Floor AMunlte on C.,ncrete Block
Siensitive Axsi Vertical

C 103 Accelernistter 6/3-6/23 Center of Budroom Nox. 1 Floor Mounted on Concrete Block

Sensitive Axsi Vertical

11 104 Accelerometer 6i3-61/14 Yon Operational
6il,5-6/20 Outside Between S. and W. Arms Mounted on Concrete Block

ot Cruciform Array, On Ground Sensitive Axsi Vertical

6/21-6/23 In House No. 2, Center of Mounted on Concrete Block
Family Rnoo Floor Sensitive Axis Vertical

9 105 Accelerometer 6!3-6: ,23 Outside. E. Wall, .S.. Corner, Mountedt on Stud, Sensitive
Roof Line Axis Horizontal

F 106 Accelerometer 6;3-6!23 Outside, X. Wall. N.141 Corner, Mounted on Stud, Sensitive
Root Line Axsa Horizontal

O 107 Accelerometer 6iý3-61'5 Van Operational

6;6-6/23 Outside, on Concrete Poti* Mounted on Con~crete Block

Sensitive Axsa Horizontal

H 109 Accelerometer 6 3-6, ,23 Center of Faulty Room Ceiling Mounted on Gyp board Panel

Sensitive Asia Vertical

I 110 Accelerometer 6 3-6/,23 Center of Bedroom No. I Ceiling Mou:,ted on Gyp Heard Panel

Sensitive Axsi Vertical

J IlI Accetleraomter 6!3-6 23 bedrooe No. 1. Center of X. Wall Mounted on Stud Sensitive
Axsi Horizontal

1 21 AdioMik 63-' '23 Ge~:o i'n onShuck Suspended, Diaphragm
6 Ft. Abive I lour

L 2112 A06ý to Nike 634-tk'23 Center otfFamily Room Shock Suspended, Oiaphragm
6 Ft. Above Floor

K 203 Audio Mike f53ý-6!23 Ceiter of Redruem No. t Shock Suspenfded Diaphragm
6 Vt. Above FI,,or

N 205 Audio Mike 6 3-6'5 Outside. sRoft. Frueom ou" o MDI ounted 3 Ft. Abuv rud
Diaphragm Pointing K67. i
Wind Screen

6, 4-*'1 Outaide, full t. from Mua" Houston 6 Ft. Abover Groud
Io. Diaphragm Painting N.. Vind

.%croesed

4i,15-6,43 Rooms No. 4. Crnter of Feamily samek Rsapeaded. Diaphragm,
Mao. f t. Above Floor

0 27 full Ra"go t_3_*1'V center ofi Family bNe Shock Smap-midad. Diaphrags,
Mikei £ ft. Above Fluor Paintinag

44-1k 23 Cofntur .1 fFamily snusm shurk Suspended. vlaphrowae
2 Iso. Blowl Collieg. Painted
UP

I' 2MR Filtt *age 0.3-#S.? In Attic Above Canter of family shuckt suspended. visphregm
Nike RAo CIn. Ablate Ceiling Joist.

4 *-4 123 In Attic Attive Center of Fset lv Shck Sspeendeod. biaphragim
bwo 3 let. Asove Calliag Joist.

Pointed Uip

4 Ito strain Caget 4.13-9.43 00 futetimry Sife nf Slidring Center of 4lsen. Sensti$Ve
Doo in Feamil Masm Ants 104rtices

a Ill strain aGoes * 53-4 23 bodroo ft. I, on Stationary Center isf aindoe. Sensitive

ft*@ of *I*"& In Last wall Rsat Vertical

3 12 Strain aGoe 04-a'23 On Large ei"uM in Carte Center of WIn-I . Sehsitive
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TINICAi110, TYP1E, IAXATI(AN A~b 0iJ4IIIItM Ofi THE1 t.Ak1(iýý II H1AT11X

A 3.1 Ai w tht' LAX.11 /3Ciiit I ~Imj iii. I1o u~ido Conr,t im

A 301 At ctie-oa00itsr C 6 123 Vnd'r- ii ow,r ofbin w k inhnn Mumittd an Cori ntret b~imi

C 3o Ain, vritvr Ii3 1/1 Cvi~r l l'.doi~ No 1 1oer Mouttiv Axi .,terti-I

If Ioz A-ýelruoetvr 6 3 /23 Unde Ztigvý of vind.- m Kitcheiwn-. liuontind an Cort.ý block

DintteArv Smittv A. It Irrtmlc

ii 3o3 At vvlirntir fi1/3 - 1/31, Cehtru 7of I-Cin1r i NotoB No.IFo bunted of, 47mvet, i
Sinn.,&tlv An,. irlona

1.5 vormio / - it!/21 On Ottrt- of bed, NE. CorninSo. I Mountend 0n Cocrt d m

1~,2 31, Ailrcera 123 Centerin .1 BtdollN- I~ Fmxwr howl't-oi -MudrtealA

1) 304 Ainrvlor00,,1, 6/3 - 6/213 Del~drm No. B01. cN.Er CofSrthrWal Umontid an Stud
2nd Sory loorLiveS,.nnhuivin Ax,,. Horizontal

EI 30W Av,,vit-romettr 6/ -623 aU t ta~t ,d N. BI.11 N, E. corner, Mounted an Stud
2nd Starv goloo Lave svio., iv' Am.n Horizontal

I 3t0b Act,pilerameter b. 3 - at 33M Oii~e 1.v *41,vlrc ~r N.L o o. Wani~ted ati stuAi4 Ji

G 3107 Ac,,eront'ter 11 3 - a 213 Outsd, N. ball, C No.r cu SneromN. 2 wrtile 0,, C.ilvu Ji

2nd toryFlou Lin Senttie Axt, Mortzouttt

N 311, AvcVIV-r a'vr b"3 - 41/23 bitting a L. t~ 'hll N... Coner, mou~intd an Mtud

L ~ ~ ~ ~ ~ ~ 2t St to i.' a343 iorye Florn Lvi1,gnt- iieedft.itiv* Axt forta. a

1 303 Acvt-romm v 6,. -1/ a 13 Atrit Nbo. 1.utrof1-om N o.o i i toi x~mrt,.t 01 Cii tiddig ol111.

bvniivt iil Ax". Wtin to

h, 31 Aciomtr e3 -~ 3/3 linin RuOM. Center. 0n1 .1 saluti Mulntel ii, Stud.~~td.uc

PinliwBuSen iv. lon Alit, Harst-ut

0 lti3 AdiOn Wee, a 3 a 2i quarte ftcvtn of 1,t..-Pnlt Bltuui Sniot- ntl~e Ax& paý g

v' 313 Strata C.C. 6,3 b. 12 t,.nl.n No. 1.d kndo. nL* Inl .. ti, at MPtoilerd.dd Mo inui

v t. %vi*,.'l

Ii Iu% 101 l Aud.,i kxv 3 6 ;-3 1" Areh.Ay fik-t*i'. iLt~ng .id A- .B iiiihpainhii iui'iicg.

WIN'tu Li*n Bm. b Ii. Will Arnuk V~ttm
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Annex H

20 September 1966

RESPONSE OF FARM ANIMALS TO SONIC BOOMS

(Studies at Edwards Air Force Base, June 6 - June 30, 1966)

The conduct of supersonic overflights at the Edwards Air Force Base

during June 1966, provided an opportunity to conduct preliminary inves-

tigations of the effects of sonic boom on typical farm animal behavior

and performance in order to aid in the determination of which types of

farm anim-Is would require more detailed observation in future sonic boom

experiments.

I DESCRIPTION OF PROCEDURES

Ten animal installations were selected for observations of animal

behavior under sonic boom conditions. They included I race horse breed-

ing farm, 2 beef feeder lots, 2 turkey ranches, 2 chicken ranches, I sheep

ranch. I commercial dairy, and 1 pheasant farm. Numbers of animals

observed approximated 10.000 beef cattle; 125,000 turkeys; 35,000 ch-ken

broilers; 100 horses; 150 sheep; 320 dairy cattle; and 50.000 pheasants.

The horse farm and one beef feeder lot were about 13 miles from the c-nter

of the flight corridor, the large turkey ranch was at the end of the

corridor within the turning radius of the planes, and the others were

adja*snt to the corridor 3-5 miles from its center.

Fourteen part-time observers isenior high school students'; 2 alter-

nates, one camera technician, and one supervisor (high school science

teacher were employed to make the necessary observations as the booms

occurred. Booms were scheduled at varying intervals during the morning

hours. Monday through Friday of each week. Observers were stationed to

watch specified groups of animals and noted behavior patterns of the

animals gust prior to. at. and immediately following each boo., or

11-1



ei~turbance caused by low-flying aircraft used in noise tests. They

recoerded their ,bservations on charts prepared for that purpose.

In addition, 3 electronically timed 16 mm movie cameras were used

to get time-lapse pictures of groups of animals at the animal instal-

lat ions. Some cont inuous fo)tage was obtained during booms at poultry

installations where tile birds normally moved around too rapidly for

1t) -eccond timc-lapse pholtography. The Edwards Air Force Base Information

Oflice and Motion Picture D)i vision also obtained still pictures and

*ound. color. I ilm of some aspects of the program for use in public

relations and in a dlocumenta ry ofi the total program.

11 RESUI,'S AND DISCUSSION

The re•uilts of animal obtservatilons during the Edwards Air Force

Base test., are recorded in 'Fables I-I. attzached.

Table I indficates the daill frequency car total change. in activity.

lit •udYing thli table one observes a somewhat higher percentage of

tchange III beet cattle at arma No. 1 thanl at beef farm No. 10, yet farm 10

Sl as mIuch c'los.er too the Igllrht track than farm No. 1. This must be

attrlbuted tit observer dil ferences. At all farms there was an apparent

lecretst• 'it ;acti tvtty frol Jletle 7 to .-Jun 2:1. Ahi.cli might be attributed

tei adaptittion. IteAtever. it I; beli eved that this was mosst likely due to

ebst erver adaptat teen anld ati riat Itladptation too the presence or observers.

fable 2 I a -umneary by species Itel by farms. tf large animals, anti

tinWlti-lei tile t aflibnormal behav ioral hiange- observed. As will be

.t'scr 'itld fateyr. these chnitges are itel within the range of normal

1% 1it V ily e1 a Jr-oup ,Lo an irals,. The few abnormal changes lobqerved re-

Iledit a stiull, et I %& letl It'l itton oit "nbnermail ilthavior." ,iince the abnormal

hlltane- tit It hr-t' beathilgkr reenis ,tt ed eil %oegic lumping up and galloping

arltilnel the It;.Il.etiu tlho-c. in tlair,- cattle were bello•ting anti those in

Im-i -att Ic uert v iv c eit-t-, lavy invre tlsel act, i aitv.

lahlo" e1 tnillt eta•s that amng lu pltiltry. there was ntiore evidence lf

Ir l nht t llI.I *er ltelit -o t ..n liar .iu I ctale tlur ial tilhe early %tage- elf tlhe

11-2



program. The reactions consisted of occasional flyinig, running, crowding,

and cowering. The severest reactions occurred as a result of low-level

subsonic flights, where noise (and possibly aircraft shadow' was the dis-

turbing factor. Only one case of an effect on production has been sug-

gested. That is in the pheasant breeding flock where the owners have

filed a claim with the U.S. Air Force stating that there had been a severe

drop in egg production. Whether this is due to the boom program or heavy

molting or a high temperature spell to which the flock was exposed has

yet to be determined, No significant changes in turkey egg production.

milk production, or feed consumption were apparent in this limited study.

Table .1 shows that dairy milking reactions were little affected by

sonic booms. Only 19 of 104 booms produced even a mild reaction,

evidenced by a temporary cessation of eating, raising of heads, or

slight startle effects in a few of those being milked. Milk production

was not affected during the test period, as evidenced by bulk dipstick

readings and daily milk weights for the herd.

With so few abnormal changes evident in the Edwards Air Force Base

test results, it was deemed advisable to conduct some control observa-

tions on normal changes in animals' behavior. Therefore, a series of

tests were conducted at the Agricultural Research Center, Beltsville,

Maryland, utilizing groups of beef cattle, dairy cattle, and sheep.

These groups were observed by 2 individuals per group, working indepen-

dently, from 9-11:Y) A.M., on three consecutive days. Behavior was

recorded as follows: animals were classified as to whether they were

eating, drinking, resting lying down . or loafing 'ambulatory . At

thirty-second intervals they were reclassified until six classifications

were completed. At one-half hour Intervals the procedure wa- repeated,

giving a total of six classification periods between 9 and 11:30. N•ormal

behavioral data were analyzed for percent change to compare with changes

observed during the Edwards Air Force Base tests,

From these data we were able to observe differences among classifiers.

among days, and among the time periods of a day. Each of these effects

was evaluated statistically. With respect to the Edwards Air Force Base

14-3



data, the pertinent figures are simply the percentages of normal changes

for each (i the species. These control percentages were 7.44 for beef

cattle, and 16.O)6 for shlep. Given these figures an(I assuming we would

have found the same percentage changes due to normal activity among

animals at the test farms at Edwards Air Force Base, it can be concluded

that the booms had very little effect on the larger species of farm

III CONCLUSIONS

1. The observed behavior reactions of animals to the sonic booms were

mtinimal except lor the avian species. Also, the reactions were more

pronounced to noise trom low-flying subsonic aircraft than to booms,

Furthermore, the reaztions were of similar magnitude and nature to

those resulting from flying paper, the presence of strar.ge persons.

or other moving ob.jects. For these reasons, a strong relationship

btwo-en observed behavior reactions and possible herd or flock pro-

duct ion depression is very unlikely.

L. Although no significant changes were noted in production, these tL'sts

%tre not adequate to produce any conclusive evidence on this aspect

ut sontc boarm effects. The number of farms available was insuf f a'ient

for vialujting product ion effects and the location of those availahle

i.a.- not suitable for proper evaluatiun.

3. It is also to be noted that the area around Edwards Air Force Bust-

has been exposed to about .1-8 sonic booms per day for the past several

yt.irs. Therelore, sem. ol the farm antmals may have become consider-

aibly "adapted" to sonic boomst prior to these tests.

N-.I



CIIAXGES IN BEHAVIOR itIWRINUi 110GM RXJ'SIýDiLLS- -EhWARDS AhIR F-ORCE
IIUSYFSTES. .IVNE G>23, 1966

D~.of T-t~er, '"al To I al it~rco'nt

BtI-Far, Nt). I
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239 312 12
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Table I (Cont inued)

SNumber of Total I Total Percenti)atr •______I
Booms Observed Changed cManged

Dairy - Outside

June 7 7 560 4 0.7
9 12 960 80 8.3

13 10 600 37 6.1
14 10 500 13 2.6
20 12 780 19 2.4
21 14 1050 9 0.8
22 14 910 34 3.7
23 8 672 8 1.1

Totals 87 6032 204 3.3

Sheep

June 6 13 260 37 14.2
7 7 350 24 6.8

9 12 360 0 0.0
13 10 200 5 2.5
1.1 3 60 2 3.3

15 8 160 0 0.0
17 2 40 0 0.0
20 lu 300 6 2.0
21 11 330 0 0.0
22 14 420 0 0.0
23 9 270 2 0.7

Totals 99 2750 76 2.7

Horses

June 6 ,| 25 8 32.0

7 4 29 8 27.5
9 14 256 22 8.5

13 9 225 12 5.3

14 6 50 0 0.0

15 6 56 0 0.0
17 1 21 0 0.0
20 10 131 4 3.0
21 12 120 0 0.0

22 10 180 0 0.0
23 9 100 0 0.0

Totals 85 1193 54 4.5
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Toblv 3

POULTHY B131AVIOR CHANGES UNDER BOOM EXP]SVRES--EDWAROS AIR FORCE BASt

TESTS, .,JUNE 6-23, 1966
(Source: Department of Agriculture,

Animal Husbandry Research Division, Bk-ltsville, Md.)

Number Average o(a) l(b) 2 (c) 3 (d)
Booms Effect

Specd es :

Broilers 197 1.02 23 158 6 10

Young turkeys 195 0.31 100 91 3 1

Adult turkeys 198 0.52 95 103 0 0
Young pheasants 85 0.81 16 69 0 0

Adult pheasants 125 0.96 7 117 0 1

By farm:

Jones turkeys ld7 0.53 90 96 0 1

K-M turkeys 206 0.50 105 98 3 0
Del Mar broilers 106 0.95 9 93 4 0
Ringo broilers 91 1.09 14 65 2 10

Pheasants 210 0.90 1 23 186 0 1

Number of booms producing no reaction.
Number of booms producing a mild reaction.

C 1i Number of booms producing a crowding reaction.
(d) Number of booms producing pandemonium.

Table .1

DAIRY MILKING REACTIONS UNDER BOOM EXPOSURES--EDWARDS AIR FORCE RASE

TESTS, JUNE 6-23, 1966
(Source: U.S. Department of Agriculture,

Animal Husbandry Research Division, Beltsville, Md.)

Date Number 0(a) l(b) 2(c) Average
of Booms II Effect

June 6 12 6 6 0

7 10 1O 0 0
9 12 6 6 0

13 7 6 1 0

14 14 13 1 0
15 1 1 0 0
20 12 10 2 0

21 12 11 1 0
22 13 13 0 0

23 11 9 2 0

Totals 104 85 19 0 0.18

(a) Number of booms producing no reaction.
(b) Number of booms producing a mild rea.,Ion.
(c) Number of bom)ins pi.odu;ing a severe reaction.

I1- •



THE SONIC BOOM
bhi llarry 1"' tu'v.-. and Thff*s still no way to SoW@ it,
F. Edtrard MrLr. it bu a recent series of *Nporlnsm smafg t

that iN cam be reduced ft a lever le/v
by nodiditing the sha"e thW ailrplme

IN BRIEF: The intensity of the boom pro- news of :it presence to our ears. There is a
duced by a ruperrvoic airplane depends (n a more subtle disturbance, but we are not Sen-
great many factors. some of which can be eraliy aware of it. This is the pressure fluctua-
controlled and some of which can't. Of those tion produced by the airplane (or any other
that con he controlled, the most ehallhnging moving body) as it displaces the air around it.
to technology is the design of thf. airplane For subsonic flight speed, these pressure varia-
itself. Recent studies suggest that, aside tions are generally too weak and too slowly
from the gains that can be achieved by re- varying to be detected by the ear.
ducing the airlilane's draft tend that's where Because pressure fluctuations can move
most of the bo:,n energy comes: from in the through the air only at a veloctjr fixed by
first place). there are raiys to reduce the the laws of nature, they are obliged to behave
boom by u,,d ryh*! 'It., she,,w o! the air- in a different manner when their source is
plane. This applies partienlorly I, large air- moving faster than they can. When an airplane
planes the size of the proposed supersonic is traveling faster than the speed of sound, the
transport. When an airplane gets that large, slight displacement pressure fluctuations that
the pressure signature of the boom is closely radiate away from the airplane cannot radiate
related to the detailed shape of the airplane, forward because the airplane is traveling
and small changes, in the shape may yield faster than the pressure fluctuation can move.
large changes in boom.---C.J.L. Consequently, a sharp pressure pulse forms in

front of the airplane and is swept behind it
8 If you are one of that decreasing minority to form a conical surface in which the pres-
who have not as yet heard the sonic boom from sure (and temperature) are locally higher
a supersonic airplane, we may give some indi- than in the surrounding air. When a point
cation of the experience by likening it to the on this surface passes over an observer on the
surprise of hearing a clap of thunder from a ground, there is a rapid increase in pressure,
cloudless sky. Like that sound, the onset ef a which he perceives as a boom,
boom is very sudden and it lasts only a frac-
tion of a second. To the unwary, it can he a Bulleand bull whips
startling experience. A moment ago we likened the sonic boom to

In this article, we will not attempt to predict the sound of thunder. Having now described it
how man will react to that new noise, but will as a noise due to air displacement when a body
focus instead on the noise itself, how it is gen- travels faster than the speed of sound, it be-
orated, what effects its magnitude, and what. comes evident that the similarity between the
if anything, can bc done about it. In connectiý !, boom and thunder is more than mere cu.iA-
with this last point, we want particularly to dence. The discharge produced in electrical
discuss some recent developments in the theory storms certainly travels faster than the speed
of sonic booms and some wind-tunnel work of of sound, and the heat energy released dis-
ours, both of which seem to support the idea places the air In a manner similar to a super-
that the sonic-boom problem as it relates to the sonic airplane. The thunder of the resultant
supersonic transport may not be as severe as shock waves is a phenomenon closely related to
was once thought. aircraft sonic booms. The sharp crack of a bull

whip has also been attributed to a sonic boom
From subtle belg•ning# made by the tip exceeding the speed of sound.

The popular conception of the boom is that And those of us who have been unfortunate
sound waves, which cannot get out of the way enough to have been placed In the vicinity of
of an airplane traveling at supersonic speed, passing bullets will perhaps always remember
pile up and produce a shock wave that is trans- their characteristic sharp report. This too Is a
mitted to the ground as a boom. While this de. sonic boom, Even If It is not very reassuring,
scription is accurate as far as it goes, for our it is quite true that there Is no need to worry
purposes here, we will have to be a little more about the bullet you hear since, like the super-
rigorous about where the sound comes from sonic airplane, the one you hear has already
and how it travels, passed by.

Usually, it is the pressure fluctuations pro- The first airplane-produced sonic booms
duced by an airplane's engine that carry the were noted shortly after the conclusion of

I-1



IFly. I. (pope of the early "woune,'ptouns about the
sonir boom was that it oirl OW when an airplane
"broke the wound barrie." As the ilustrlwtfn rhows.
the boom actually ouet as a eCntiarous fleet Won#
a path soept out by tAe intersection of the airplane's
shock ware and tAr ground. For an airplane as large
as tAe proposed U.. supersonic transporf, this boom
"carpet'" could be as much as So miles wide.

World War II when advanced fighters achieved boom phenomenon in detail. There was, for ex-
.upersonic speeds in dives. At first, sonic ample, no knowledge of how the intensity of
booms were considered a novelty and were the boom depended on the size of the airplane,
often produced intentionally as entertainment its weight, or configuration, or how the boom
during air shows. Later demonstrations with was affected by atmospheric conditions. And
more powerful aircraft capable of level super- perhaps most important of all, no one knew
sonic flight for short periods of time revealed how to attenuate the boom even to a limited
the potential destructive character of the boom. degree. In the past fifteen years, we have be-
In a well publicized incident at the Ottawa Air gun to grasp some of the most important fea-
Terminal in 1959, a U.S. Air Force fighter in a tures of these questions.
demonstration fly-by made a climbing turn As we have indicated, shock waves produced
during a low-level pass over the not-quite-corn- by a supersonic airplane do not propagate
pleted terminal building and the resulting through the atmosphere in the same way as
boom broke windows, distorted curtain walls sound waves, The shock that forms at the nose
and produced other damage which, however of the airplane must obviously begin moving
superficial, added up to a repair bill of $300,- forward at the same speed as the airplane
000 and considerably delayed the completion since it must stay in front of it. But as it
date of the new terminal building, moves forward, it also moves away from the

airplane at an angle, like the water waves that
Nma. mieoeeapftont a move away from the bow of a ship. As it moves

At the time of the earliest boom incidents away from the airplane, the propagation ve-
there was little general understanding of the locity measured normal to the shock front slows
nature of the phenomenon and there were down and approaches a value just slightly
many misconceptions. According to the then- greater than the speed of sound. At the same
popular belief, a sonic boom occurred only time. however, its velocity in the direction
when an airplane "broke the sound barrier." It parallel to the path of the airplane must re-
was not widely known at that time that break- main equal to the speed of the airplane. As a
ing the sound barrier was only the beginning result, the waves assume a cone-shaped shock
and that the boom would occur continuously front that streams back from the front of the
along the path under the airplane and for airplane. If we define the Mach number as the
many miles on either side. Even those of us ratio of the airplane's speed to the local speed

V'$?wsJs..d who had some understanding of supersonic of sound. a little geometry will show (see mar-
Vami$d'ph•w aerodynamics were at a loss to explain the gin) that the sine of the half angle at the apex
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Ftg. 4• A rf?.,r Io,,k at tar shock warr that
tratts fr..m a suprmini airplane reveal&e tfat it
to "at just a single shock, but a collectiorn of
phocks, ou~t from ea•t of the pretuberawees on the
airplane. Closer to'thr airplane-in the so-called
"near irld"-thii collertion of sheika formi a
jagged, sat•-toothrd pressere pattern whose shape'\ • %*\ • • is representative of the shape of the airplane.

Si \ Another feature of the shock waves from
of the cone is eqhu r to the reciprocal, of the an airplane is that the distance between the
airplanes )ach numiber. So when the arplaxe ~bow shock and the tail shock increases as they
is traveling-only I s tl~~~ faster than the speed moeaefo h " .. .
of sound, thi shock Yrpnt is little more thas is
plane ... . ... the line t t e pressure at the bow shock is above ambient
flight, but at l N g er Yn ci num ber s th is plane o w hile the . ......... .. .at the .. shock is belowsurfae istradafrme '•ihnt a: narr•owe~r and \bient, and the difference in environment

narrower cone sreamg behind the airplane. \,cuses them to move away from each other.
\ I 'epending on the airplane, the speed, and

T •.•i p1. ftavis Its ignstars the bltitude, the length of the N wave at the
Tgrou* will vary from a few hundred feetThe disturbance from a supersonic iran toperi~ape as much as S/4 mile. The cor-

involves more than 'tst a single shock wave r s me interv ml T he b owh
from the nose of the\airplone. Instead, there responN kg time interval between bow shock
are many separate wavis, *Ad, in general, each and tailAack as they move over the ground. .. • . my e as 11 as 0.05 see or as Ilrg as 0.4
discontinuity in the shape of. the airplane pro. may be a; ala .5sco slg s0ddesitsown• shockwave : So additio~ntothe sec. The ob ver will normally hear two boomsas the press pulses pass over him, but thewave that originates at thM nose, there will be heapres puolses passolver hei butrte
a wave that originates at*i wing-fuselage sfhocks whe the are t ver .los e t ether.
juncture, another at the enkik~s, another at s when te re ver clos toget
the tail surfaces, etc. Plottinrtý-essure along A graa may gerat amn
the length of the futelage revea=t complicated All the variables t t have been found to af-
signature of positive and nega\t e pressure
p-lsestha correspond to each the shoc feet the magnitude of e boom-and there are
p u se that c orr espon d th sh c ist. y.• __ ca . . ...to , h4 . a great many-can be ivided roughly into

ture. three categories. There a those that depend
At greater distances from the *rplane, on how the airplane is fibln, there are those

the separate shock ithat depend on the atmosphe ic conditions, andthe separate shock wav• interact wim each there are those that depend 'n the design of
other and eventually coalesce Into ju two the arlnite . t h ategory-t~ ~~b c .. . . . he.x airplane itself. It is thin t nc egory- -the
waves, a bow shock and a tail shock. Th'air- design of the airpla been of mot
planes pressure signature then ta the r nteret to us andit i tis naspeeof the prob-
of an abrupt pressure rise followed by a, lin r lem we would like to discuss in ome detail.

dec /lneinpressur toavale beow amblet But first, let us look briefly at the other two
and a subsequent recompression to atmospheri aeois trigfrtwt the f tostatm,•s re T is N wa e" s th usul f rum or\ categories, starting first with the raitors that
pressure. This "N wave" to the usual form for de2do h a h ipae is .the ground-level sign ature of a supersonic air- tprblyomsanosurprisetaa

depend on the way the airplane Is

plane at cruising altitude and it is this pre,- s wav disipte nergy and s
sure signature that is responsible for the aker wa I tprpagae away from the wMhem -- k'r as it propagates away from th •res,
boom. 

T !trnThe peak of the positive portion of the N J it as with any other sound. The differen in
wave, deinned as theoverpressre"vas th cmas of the shock wave is that it diminisasfrom, somew hates thn 1olerftestoenotvmrch wit the power of distance whereasn Ifrm somewhat le s ib4/ft'2 ';rto not i touch sou waves diminish much more rapidlymore than 4 lb/ft2 for normal operations of that. ut there is an added feature when the
supersonic airplanes. On the other hand, pres- shock c from an airplane: the intensity
aurs of over 100 lb/ft' have been recorded for of th shock depends on the density of
daring, low-level passes of fighter airplanes.

Fig. 8. At tome distance away from the air-\plaen, the individual shock# merge to form just
two #hoeks. The resulting N-wave pessure pat.
tern, witk its abrupt pressure rises at trading and
trailing edges it heard "s a boom (or two booms)
a# i passes over a& observer on the ground. It is
the magnitude of the pressure rise that deter- Distam
mikes the intensity of the boom.
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the atmosmphere and the density of the atmo.9- nified shock is known as a "superboom." Super- -

phere at 50,000 ft is much less than at ground booms have been measured in which the
level. For purposes of calculation, it is usually amplitude was over twice that expected for
sufficient to assume a definable mean atmos- normal steady flight. Radial acceleration in
pheric density somewhere between that at the sharp turns, pullouts and other maneuvers can -
airplane and that at ground level, also produce superbooms.

Putting all these effects together we can see
The critical point that the pilot must fly his plane as high as

The result of all of this is that the boom de. possible and should avoid violent maneuvers
creases quite rapidly with increase in altitude, since most of them increase the intensity of
and, in fact, altitude is the factor that has the the boom. For the supersonic transport, the
greatest influence on groiund overpressure. In limitations on mana'izers should not materially
view (of this, it would be desirable to fly the affect tit( operation of the airplane; for the
airplane so that it climbs at subsonic speeds comfort of the p~assengers, it is essential that
and does not make the transition to supersonic the pilot avuii.d violent maneuvers anyway.
speeds until it reaches cruising altitude, but
unfortunately this is not a practical way to fly The affect ot environment
a supersonic airplane. The airplane must make In the second ciategiary of effects-the influ.
the transition while climbing, and as a result ence of atmosphere and other environmental
it is this portion oif the flight prosfile that is factors- the most important effect is the in-
most critical fri in tho .i 'idv, Iin# of 'on ic terwifvti,'u o.rif Owh lmin .'m y reflectiont. When
basin, the N %%;te qtnie.' t he irrouad, tit an%* other'

The bootm increases with the Mach number at surface, it is of voutrse rellected back just like
the rate oif %~p (M!'--) i", which is tot say any other' wave' The pressure pulse from the
that it increases slowly beyond abolut Mach reflected WaVe Wills tot the prekssure pulse from
1.2. But that's not the whole story. For any the incident wave in the areas where the twot
given altitude, as the speed increases, the angle coexist, and as we move closer tit the point of
oif attack nteeded ito maintain any given amoiiut reflection on the gruound, the two waves become
oif lift decreases, an effect which tends tia de- more nearly cuitincialait. The timing is such
crease the bitoom i for reason-s we will describe that at ear' level the two waves are very nearly
later on). The net effect is that the speed cif superi' poiaseqd andl 1he olserver hears what
the airplane once it is supersonir makes very amoaunts tai a doailblt'-sizeai lbutim. The strength ''

little dlifference and that, generally, the imim oif the re'etla'tiona delmitena a14 the reflectinig stir-
decreases somnewhat with increasing Mach face, but ainlliliv'htiott factorsa of 1.9 are
number rather than increasing its might have usually observeda fair clearaaed, level groiund,
bfee', -xpected. while factaors very close ta' 2.0 are generally

Speed changes also affect the sizea oit the liaiom. measured faor hard coniitaset air aisphatlt star.
As the a irplatne accelerait as, thei shti 'k %t %a' faces.'
Sinclines bac1k idtit incanareatsin tagntigle, 'iteadl atv Thew fact t hat zatfliwpi-vth ic dlensity adec'reases
changing 1hi' aita'ctisn Inl which I the wa~v 1.' ~p- with Ii ltitalid not ik1 cautses a realu-l iait iii

agates. It tra'ilocitilly haapia uis that41 wmtv.' ta. 'i shmýin tvalaity. it aim affttects the wat' the
a ntunmber ofIit s a l, St.ipg the Illigit aImt h %%ill Awtk ph rai-liawtas. As* the shi 'ak mosves ta's'in tha'
all mee't itt miri 1, oit ant Itt' grilld witauh the lass dense' atmonisphere loi t he nawre denise hiaghera
effect that this lsoii tt wi'l ie uil ijetedaa ita, a Ieanipa'ratti-rt atmoisphere'. its speedl increases
taiinil ler 14 S Istaii .attimo shitiaks Stich a niag- ,sti-l the shioc'k fint asat-li'a ., fairwaral. If the vir-



vatr. itioett that affect the way the boom props.-
Vate~. there also. are important small-scale
variations (turbulence, wind, and clouds.
The-.# rtn-uniformities in the atmosphere act
like a lens to focus the boo~m, resulting in
higher than normal pressure at some locations
undt rompensatingly lower pressure at others.

rho ftssiau, #eets
Aside from trying to guess how people will

react to the boom, determining how airplane
design affects the size of the boom has been
the most difficult part of the sonic-boom prob-
lem. Plainly, it is out o! the question to build
and test full-scale airplanes of various configu-
rations; not only is it expensive and time-con-
muming, but such test procedures preclude the
possibility of studying interesting but imprac-
tical configurations in the hope of discovering

- design principles. In the beginning even the
theoretical approach was difficult because the
theory we were working with at the time did
not give an adequate description of the phe~

* nomena. In fact, the most widely used theory
of the early 19-50's did not even predict the

OWN!"t~r e!!'.existence of a sharp, boom-producing pressure
Thetio~e iiJjjý 1jel!' " I fotie, increase at the shock front. The present theoryFig. 4. Te oe 0f, . O ool is much improved. and with it we have de-

by 5100ff madelS like thcioort n. ar fit"ffhcle way of
studying huir the shap if ot airlawifliteners veloped a rather complete understanding of
the intensity of the btt Thr nj,,I ins be how the boom is affected by design factors.
small bheroues there is wil a limite d situr, in the Here at Langley, we have supplemented this
taooiel for thle rhoac-e.irrisfi- N un .e to form. theoretical understanding with experimental

studies of sonic booms prod'iced by models in
a wind tunnel. Although this technique is not
widely practiced (there are only two or three

plane is moving onlY Aihgktly fi,1vr' thani the other laboratories pursuing this approach),
slieed of sound, this iefrartimi Oltr-.'t nia y catise these wind-tunnel experiments have proven to
the front tot liei'osue gierliviidular it, the be a valuable confirmation of the theory and in

ground. If yotu work oint tie' Vimefttc isee some instances have revealed effects with im-

nomnirally at ,ic-eds vwhere this' .ciwvi tarounit iii the narrow test section of a tunnel that is,
Mach L.2 1. and so- the etih-ct is 4f littlet signiti- may. 4 ft across. And if small changes in con-
t-ance in suppressinjt soiicri l141,1,n figuration are going to mean anything, the

Refra. toit dloes. however. hau'i a s-ignjificant model must also be made to very close taler-
effect in reducingr the lateral ,.preatl of the ancits. We have used models varying from 1/4 in.
boomm. Is-cause it cauises the liort uon otf the tot 4 in. in length, some, of which have taken a
shock cone, that ttpread tos the' t~lu of the uir- skilled inodelmaker several months to build.
plane to be lsent also. Althoughl it i.. a little But perhaps the most difficult part of the
difficult tot draw jand even ut,ýro iitlicoilt tit de- wind-tunnel experiments is making accurate
sicrihe, the shock front that .'xtentk tosward measurements of extremely small pressure dif-
the ttrwind from the side of the atirplaine ferences. To plot the detailed pressure pulses
missces !bt- gtroundt ht-v,rol.4n "P.rtaln tliistta,-e. in a small N wave requires a sensitive gage
Hence, the foo-tprint of the hoo"ni oni Ith' ground capable of measuring pressure differences as
is not the intersection 4.f at idain't undt ;t clon small as 1 '200,000 of normal atmospherlk pro-
with the, paraltola extendingv 14 tto intinity as sure-and the variations in the ambitat tunnel
might he exintrtein. h11t is t d I rall'ti~a of finite pressure nre many times greater than that. We
limit isee Fig.ý I,'. lin t,-ts o ith small stil-c- employ a differential pressure gage that me.-
sonir aircraft, the hoti.in has been fs ond tot ex- sures the pressure in the shock and compares it
tend 2-0 miles or soi on either sile o-f the air- to the ambient pressure in the tunnel. This
plane: for a suplersoinic tranisport, the path giage is extremely sensitive, so sensitive that
might he as much ais P0 mile., widi-' on oine very cold wi'ter day we noticed that it

In addition tot these large-s. ale- atmospheric wast recording the pressure change that re-
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Fig. 5. Sonic batoemi an elect- :2 3 A rros 0g4
i'd not only byt spee'd. Wright, 2:% o
and alttitude, but alsoe by the' %
shape of the' airplane. Here 4
a"e three' airplane' chpiapeat of C_ % 41111
vrariousa attitue-xe' w-ith the' N. 1111m-wave'r oirpr~e~ouuri'n gassoeat- 02Lower',ound
rd Weith e'ach #hope,. The'
"louwer boundee" xhape, in cateu.
lis ted to) produlrc'e a icr in in?"
boeron, but unnfortisnate ly it
hall a very high derag and is I
ecananitable' for ane airplane-.
In. each rase', the eurve's aree
for a .2*0-ft airplane, neigh.
limp 44101,1I(tf lb and jetpinU at
Marh 1.4. ________________________________
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ias tire' prcpoese'e V .S. l impr
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f~iffe ot.
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Ne eav,'. ; eacee ti.,- reee t

setill thire .'Dere' hee. slgtly r

elcee'e' flerirdleteu e Cr.) I , Vl (e rfied thtory
Pcetere- infertanceet, the' ceolft
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sitilted f rom the tempelrature change in the lab. Ithe so-culled "wave drag" is dependent (an
earutory whenever ten outside doojr was oepened. the square of this ratio. whatever reduces the
We feu nil we' v'ialcld pri'vt-nt these' fluctuaatiorns wave drug ialsoi tendst to reduce the biearm. If we
byv warapaping insiuelatiecn ari'ierne thee tubing lead- e'xarminee thisc a little mire cliosely, hIttwever, we
ing tie the gave'. Or liv hoceekinag the dieer. Pei, that this is noet just a lucky break: plainly,

the' ene'rgy least in wave drug ice the same' cn-MIulmumt drag, minimum boom e'rgj (hut c~eventually shoewn top in the Notiom.
One eaf the- firsit thinirs the thetory traldit s Ilut this may be oversimplifying the beaem-

eclreut thee beeeemo ueas theat at . eliree'ly pritepear- drug reliatieanchip a bit tns) much. Later tin we
toierarl too the rati oifee maxcimnum body di~am- will diswuss some exceptions to this nice simple
toter Itoe .airplane, or'ccth %lew thin is a fortunfate rule.
thing. feer thee draig clw tia stir displacement The beacam is &alsi related to the lift, and this



time the relationship is unfavorable. When the poak pressure of the N wave, but recent ans.
lift (or airplane weight) increases, so does lytri studies and wind-tunnel tests indicate
the boom. As supersonic airplanes are called that a large airplane like the supersonic trans-
upon to carry more and more payloiad (pas- port may not be far enough away from the
sengers. baggage, acd freight i airp!ane weight ground for an N wave to form-particularly
Increases rapidly and the problems of the boxjm- at that critical altitude where the airplane
conscious designer are compounded. is accelerating from subsonic to supersonic

To understand why the lift affects the boom, speed. Instead. the saw-toothed near-field sig-
it is perhaps sufficient to appreciate that lift nature will extend all the way to the ground.
is generated by displacing air, and this dis- This effect has since been confirmed in tests
placed air behaves the same as the air dis- of large aircraft such as the B-70 supersonic
placed by the volume of the airplane; as it in- bomber.
creases, so does the boom. Rtit it is not merely This is a fortunate development for two rea-
the weight of the airplane that causes this sons. First, the actual ground overpressures
lift-displaced air to increase; the air displace- will be slightly less for jagged near-field signa.
ment is also affected by the way the lift is tore than for an N-shaped far-field signature.
generated. If the airplane's angle of attack And second, and more important, the existence
is decreased while the lifting force is held of a near-field signature offers the opportunity
constant (by increasing airplane speed, for to tailor the signature to some more desirable
example) the boom decreases because less air shape biy modifying the shape of the airplane.
is displaced a& the lower angle of attack. In modifying the shape of the signature, it

This lift effect, however, behaves somewhat is not possible to reduce in any large degree
differently than the volume effect. Whereas the the area within the curve since this represents,
volume effect acts to increase the pressure all in effect, the energy of the boom. But within
around the airplane, lift increases the pressure this limit, there are many shapes that may be
only below the airplane. The lift effect de- more desirable than an N wave. The positive
creases the pressure ahove the airplane and triangle of the N wave could have a flat top,
has no influence off to the side. for example, or it could be converted to a shape

Theory predicts that the lowest tverpressure that is nearly a rectangle. In either case, the
for an N wave produced by an airplane of a peak pressure would be greatly reduced. An-
given length, wtight, and speed will be achieved other possibility is to somehow change the
by a blunt-nosed vehicle (s,.e Fig. 5. Curi- abrupt increase in pressure at the front of the
ously, this vehicle has too much drag to be N wave to a more gradual increase. It is. after
regarded as a practical airplane shape. The all, the rate of change tf pressure that is re-
explanation for the apparent contradiction be- slomsible for the sonic-boom. The absolute
tween this and our previous statement that change in pressure is only a few pounds per
low-drag shapes protluce low booim is that the square foot, or about tle xame pressure chang,
blunt-nosed shape produces shocks in the near as descending two floors in an elevator. Only
field that are much stronger than for slender the rapid onset of the pressure change makes
shapes, but these strong shocks decrease more the boom an objectionable noise.
rapidly with distance. Therefore, much of A 8 came
the momentum loss of the air-and the drag
to which it is related-is confined to the near Vet, %ubtle changes in the shape of the air-
field. plane can ,.ten make large changes in the

It is interesting to note that for airplanes pressure signsvirt,. For example, Fig. 6 shows
ia big and as fast as the proposed supersonic a l5oo5ihle tran'tpirt configuration with a
transport, this minimum-boom shape prodtuces sharply swept back: arrow Wring. Our calcula.
overpressures only slightly less than the design tions and wind-tunnel tests indicate that in its
maximums of 2 lb/ft- in climb and 1:5 lb1ft utrmodified form twLere it has a more-or-less
in cruise. More practical shapes will probably cynldrical fuselage it would produce a boom
be able to approach to within about 0.5 lb!ft! overpressure of about 2.2 Ib'ft' during the
of this lower bound. Of course, lower overpres- critical transonic phase at an altitude of 40,000
surem are possible for airplanes that are lighter ft. By increasing the diameter of thet fuselage
(Lees than 400.000 lb oir longer ,more than slightly in the area near thu leading edge of
230 ft) than this proposled smutwrs•oic trans- the wing, the near-field signature approxi-
port configuration. But keep in miini that larger mates a tlat-t-,pped curve and the overpressure
airplanes create larger booms. and there is a drops to about 1.3 lb'ft-. The modification
historical trend toward terger airplanes. makes ,nly a very small change in the shape of

the airplane and has little or no detrimentalA b•eitaI. Vwolle459it influence on other aspects of the airplane's per-
Some recent experiments of ours indicate It formance. It should be pointed out. however.

may be possible to reduce the son;c boom from that this might not be true fcr a similar near-
a supersonic transport m-re than was pre- field modification applied to some other air-
viously expected. In all of the efforts of the plane.
past. we have been attempting to reduce the Now that we have discovered the beneficial
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effects of a nrear-field signature that extends which could anquestiunably be attributed to
to the ground, there may be some things we sonic booms. During another series oif tests at
can do to make the near-field signature extend White Sands Missile Range. little or no dam-
to the ground even at highe.- altitudes and age to buildings was noticeable at overpres-
speeds. By adjusting the size and position ,f sures less than about 5 lb.'ft:. But these figures
the individual shocks we can delay the point at may not apply to larger airplanes having sig-
which thev coalesce inie. an N wave. perhaps to naitur~es " ith a lo'nger lime duration and
the point where the itear-field signature ex- greater eniergy content.
tends to the ground even at cruising altitude. Ii, less thane eight years. a U.S. supersonic
Certainly, this would be possible if it were transport may be flying passengers acros~s thc
practical to stretch the airplane out to any the country in abuut two h.-urs. A British-
given length. In fact, it has been observed that French SST will be operational before then.
if a supersonic airplane could be made long Our excperience indicates that estimates oif

enough and slender enough, and with the prop- nominal overpressures for these airplanes in
er area distribution, ground signatures ap- steady level flight may now. fie made with a
proaching a sine wave with a very gentle greed deal oif confidlence. As far t.t iz: prossil~le.
pressure onset could be achieved. Howe:er, the consistent with otler features which affect the
airplane lengths required (more thant 400 ft) airplane performance and ecollotnics. sonic
are far in exceirs of those now considered prac- boom has influenced the design of the Boeing
tical (the British-French ~ST will be about and Lickneed entries in the national design
185 ft long, the U.S. SST aboiut 270 ft). competition. These airplanes are exp,-cted to

me cear-ut ecisonsproducee ground otverpressuire,; of about 1.5
N. eearewt eclhaslb/ft2 for cruising altitudes in the range of

The irony in all this effort to reduce the 6i0,000 to 70,000 ft. Overpressures during the
boom is that there is still no clear notion of transonic portion oif the flight, which takes
just how much it ought to be reduced. place at lower altitudes, are expected to be

In an effort to resolv.e this question, the somewhat higher-2 lb,'ftC or more.
Federal Aviation Agency (with support from We fteca that with the present understanding
USAF and NASA) conducted a six-month of the phenomenon, airplane design for sonic-
series of sionic boom testa' over Oklahoma City boom reduct ion will he an even more important
during 1964. During the tests, the city was consideration for future generations of super-
subjected to frequent boonps (if the intensity sonic tranisports. particularly' if the trend
levels expected for supersonic transports. Un- toward longer airplanes continues. We fore-
fortunately, these tests produced no generally see no) possibility that the boiom .'an be elimi-
accepted, clear-cut decis4ions as io the ultimate nated Clltitel,%. vi limitations on airphine
acceptability of routine 88T collerationi. Two- design are too) restricted for that. But with.
thirds of the phone calls and le~tters, and most in thesie limitatwios there aie *~-rie promising
of the formal complaints, referred to proeperty possibilities.
damage. Hlowev.er. FAA inspections revealed tWher axpectst opf the ,eeoje-h~o~nm prceliletap
little or no damage at these pressure levels are distrusvcodl int the To Dip Deeper se'ction.
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"A series of tests were conducted at Edwards Air Force Base in June 166 and
October 1966 to January 1967 in which human subjects (located indoors and out-
doors), special test structures, and animals were exposed to booms from F-104,
F-106, B-58, SR-71, and XB-70 supersonic aircraft, and the noise from KC-135
and WC-135B subsonic aircraft.

Physical measurements were made of the sonic boom signatures, subsonic aircraft
noise, and the response of structures to the booms and noise. Psychological
measurements were made of the subjective acceptability to several hundred sub-
jects of the booms and subsonic aircraft noise.

Details of the test plan and procedures, and the results of the data analyzed
to date are presented.
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Physical Measures
Propagation
Weather Effects
Effects on People
Seismic Response
Energy Spectra
Response of Structures

Damage to Structures
Effects on Animals
Comparison with Noise
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