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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 generslly 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 gucstion in the development of the SST has been the antici-
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
complemeht 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 Scicvnce Advisor and the-bhairman
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 Iindingé.

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:

1. 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 Aunex I [or 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

booms having different signature characteristics.

3. To obtain detailed measures of sonic boom signatures in time
and space as functions of the tvpe of aireraft and mode of
operation, and the atmosphere and ground through which the

wave was propagated.

4. To obuserve the response of animals to the sonic booms.

Figure | is a chart of the organizations involved in the development
and conduct ot the Edwards experiments; the people involved in the estab-
Lisheont of poliey, iechnical direction, and management of the experiments
are listed in Fig, 2. The studies were carried out during the periods
from 3 June 1966 1o 23 June 1966 {called Phase I} and 31 Octoher 1966 to
i7 January 1967 {(called Phase I1}. The interruption in the program from
23 June to 31 Octuber was due to the nonavailability of an XB-70 aircraft

during that period,

A detailed summary of the test procedures and regquirements for
equipment, subjects, facilities, and airceraft and operational support to
carry out the experiments is presented in Annex A, Photographs of the
test structures, some ol the test subjects in one of the test houses, and
the atreraft used tor the majority of the tests are shown in Figs., 3, 4,
and 5, respeetively, Figure 6 is a schematie diagram of the test facili-
ties and operations, Tables I and 11 summarize the number of sonic booms
and noises from subsomie reraft generated for the tests, and Table 111

show~ the states of data reduction completed to date,
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Table I

EDWARDS EXPERIMENT PHASE 1 - JUNE 1966
NUMBER OF OVERFLIGHTS BY AIRCRAFT TYPE

SUPERSONIC SUBSONIC
YF-12 2 KC-135 929
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 I

EDWARDS EXPERIMENT PHASE II - OCTOBER 1966 to JANUARY 1967
NUMBER OF OVERFLIGHTS BY AIRCRAFT TYPE

SUPERSONIC SUBSONIC
XB-70 17 €-1318 19
F-104 835 wC-1358 23
B-58 69 Cessna 150 _18
SR-71 31

TOTAL 202 TOTAL 132
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Table

11l

STATUS OF DATA REDUCTION

Psychological uta

Percentage of Duata
Reduced to Date and
in This Report

A. Except for 20 judgment tests conducted outdoors 95%

on a special desert test site,

all the psychological

duta have been analyzed and are related in Anncex B

to the nominal and measured po.

k overpressures of

the sonic booms and the intensity {PNdB) of subsonic

gircraft noisc.

B. The results of the psychologica
related later to meusures of st

1 tests will be 0%
ructural response as

appropriate and to physical measurcs other than peak

overpressure and peak PNdB.

Sonic Boom and Subsonic Adrcraft Noisc Generation and 530%

Propajution Data

- Reported in Annexes B, €, E. and F.
Structural Response Mty
Heported in Annex G.
Meterological ata
Heported tn Annex D,
Animal Response Bata

Reporied in Annex H.
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100%
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I1  SUMMARY 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 acceptabilitly 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 aircrait. 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
tnsight 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 habituslly exposed
to sonic booms, such as those in the residentizl 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.




5. The subjective judgments were to be made of sonic hooms whose
"nominal®’ pcak overpressure level varicd from 0.75 pounds per
square foot (psf) to 3.0 psf, shuse duration varicd from 0,075
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-fiecld and far-ficld boom signa-
tures, three types of supersonic aircraft (F-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 characteristicx of the air-
craft, Flyover noise from subsonic aircraft was obtuined from
d1=engined turbojets without an:seASQ;pressers and from d=-engincd
turbofan aircraft when operating with landing power and with
takeoff power: the intensity levels of the noise were varicd
from about 90 to 125 PXdB. "

Detniled results of the psychological studies and their relation to

the physical characteristics of the various sonic booms and noise fros

subsonic aireraflt, insofar axs present physical analysis of data will

perait, will be found in Annex B. The inteasitics of the sonic booms

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

*

*e

Nominal 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 atireraft
operations, i.e., stating that a boom {rom 2 given atrcraft will have
a given nominal peak overpressure specifies, for practical purposes,
the altitude, Mach, and weight at which the given atreraft will be
operated,  For further definition of nominal peak overpressure sce
Annex B, page 25,

PNdB is a unit that indicates the intensities nf o 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 {lving over the subjects. The PNdB values are determined from
sound level meter measurements of the noise after the notse has been
tiltered into /3 or full octave bands, :

3est Availahla Copy



pressures; the results of the psychological tests will be compared, in
a later report, to various other physical measurements of the booms,

including total energy and enevrgy 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 ocutdoors.

(b) When indoors, subjects from the towns of Fontana and
Redlands judged the boom from the B-58 at 1.¢3 psf noﬁ;
inal peak overpressure outdoors to be as acceptable as
the noise from a subsonjc 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 acceptable 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 Kedlands, respectively.

* Noises having these PNdB values would be generated cn the ground di-
rectly under the flight path of a turbofan aircraft at an altitude of
800 or 1400 ft, depending on whether landing or takeoff cangine power
settings were used.

** 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
300 or 600 ft, depending on vhether landing or takeolf engine power
settings were used,




()

(e}

{f)

¥hen indoors, 27 percent ol the subjects from Edwards uand
40 percvent of the subjects from Fontans and Redlands, com-
bined, rated the B-58 booms of nominal peak overpressure
of 1.69 psf as being between less than " just acceptable”

]

to “unscceptable,’

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 ps! as being between less than just acceptable”

to "unacceptable.”

Residents of Edwords 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
ps{ and to subsonic aireraft noise having peak PNdG levels
of about 110 PNdB The towns of Fontana and Redlands, on
the other hand, were not under or near the flight track of
supersonisc aircraft and were occasionally exposed to noise
of subsonic aircraft at a peak level of about 85 to 100
PNdB.

2. Acceptability of Sonic Booms {rom Different Military Aireraft

{4}

{n)

¥hen of approximately cqual nominal or measured peak over-
pressure and when heard indoors and judged against the air-
vraft noise, the boom from the XB-70 was xlightly less ace
ceptable than the booms (rom the F-1Ud or B-58 aircrailt.
¥hen heard outdoors and judged against aircraft noise, the
boom from the B-38 was ~lightly less aeeeptable than the

baoms from the XB~7¢ and F=-101 aircraft.

Yhen one type of boom was judged against another type of
bowm a1 equal nominal peak overpressure, no sagnificant
difterence an thesr geceptability sas seasured in these
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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 €-dB increese (from 1 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
6f 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 buoms were judged against the
noise from either turbojet or turbofan subsonic aircraft were comparable,
provided the aircraft noisc had about the same peak PNdB value. Also,
noise from tﬁrbojet 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 sircraft is reduced more
than the intensity of the booms as the result of passing through the
roof and walls of a house becsuse the typical house attenuates the
higher sound frequencies (where mos®: of the energy of the sircrsft noise
is located) more than the lower sound frequencics (where most of the
snergy of the sonic boom is located). Probably, at lesst partly for
this reason, the boom is rated less favorably relative to the noise of
an sircraft vhen heard indoors than outdoors.
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peak overpressures differed by sbout 1 dB, and by about
2 dB when the two hooms were compared against a reference
gircraft noise.

{b)} On the average, twe aircraft noises were judged to be sipg-
nificantly ditferent in acceptability when they differed
by about 2 PNdB, snd by about 4 PNdB when the two aircraft

noises were compared against a reference boom,

7. Differences in Judgments of Subjects Located in Different Rooms

~and When on Vibration Isolation Pads

Syvstematic 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

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 aireraft,

8. Attitude Survey

An sttitude survey ol residents {15 percent of whom served as
subjects in these experiments) at Edwards Air Force Base revealed that
26 percent roted the boom vnvironment as being between less than “just
acceptable” to “unacceptable” for the month of June, when there was an
asverage of about 10 booms per duyv at o median nominal peak overpressure
of about 1,69 psf, Fourteen percent of the reside#ts also rated the
boom environment prior to June us being between less than “3ust aceoept-
able” to “wnacceptable.” During this provious period. there were sbout
1 10 B booms per day @t the medisn nominal boom level of 1.2 pai., Six
pereent rated Lthe ambient duitly airereft noise and seven percent ratod
the street nolse as being between less than just scceptable” to unsc-
ceptable.”

8. Age and Sex of Subicts

!iihin the adult population studied, age and sex are not sta-

Tisttcally stgaificant tactors ia the ratingy or paired-comparison of

the unacceptabilily of sonic booms or the atrceraft nofses,
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B. Propagation of Sonic Boom through the Air and Ground

On the basis of theory about the generation and propagation of
sonic booms, certain "nominal” or expected sonic boom signatures were
predicted for the vurious‘sun«rsonic aircraft flying under different con-
ditions and procedures. The overtlights made for the psychological
tests were designed in conjunction with the requirements tor research
on propagation and generation of sonic booms and provideld the conditions
necessary to validate and further develop generation and propagation
theory. 1In addition, a number of supersomic flights were carried out
for the sole purpose of making ccrtaimn physical measurcements of sonic
boom propagation phenvmena. The physical data lrom this aspect of the
program that have been analyzed to date are presented in Annex C.

Much of the commonly observed variation in sonic boom signatures

has been assumed to be the result of atmospheric action upon the shock
wave passing through the air. The cftects of the atmosphere on sonic
boom propagation were studicd in a program developed by ESSA. The pro-
gram included: (1) detailed low-level 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 overpressurc by means of microphone grid arrays of
two different intervals of spacing (d0 and.200 ft)., The meteorological
and overpressure data obtained have not yvet been correlated, Research
duta on atmospheric inhomogenetties were collected at Edwards and are

reported in Annex D.

Seismic waves excited by sonic booms may also cause structural and
subjective response, Seismic waves produced by sonic booms were meas~

ured and the results of these measurcements will be found in Annex E.




Summary o! Hesults on Prupagation

Free-fweld sonie boom overpressure data were obtained by NASA lor
a series of 25 Ii;ghts* of the XB-70 airplane, For cases where a large
number of overpressure data points are available, the average measured
vitlues correlate well with current prediction theory, Variations in
the signature shapes and the associated variations in overpressures, im-
pulses, and {ime durations are similar in nature to those observed pre-
viously for smaller airplanes. Overpressure measurements obtained at a
distance of 13 miles {rom the flight track show lurger variability than
those measurements made on the flight track, This increasing variahility
with distance from the flight track is also consistent with results of
previous flight tests, Variability in the measured boom gquantities are
markedly greater in the June measuring period than in the November
through January period, and this is believed to be related to atmospheric
cifects since reduced convective heating in the lower layers of the al-
mosphere is present during the winter., Sonic boom measurements made at
200 feet in a Goodyear blimp showed that the lowest 2000 feet of the
stmosphere is the most influential cause of variations produced by the
stmasphere,  In some cases higher portions of the atmosphere may also be
mmportant ., Ground measurcments were made of sonic booms from 3 specially
tnstrumented F=106 aireraft flown in smooth flight and in purpoising
flight over an array of microphones, Aircraft &ntinas of the F-106
sere shown not to contribute significantly to observed sonic boom sig-
nature variations, A larger atirplane has a sonic bhoom that depends
relatively mure on its 1ift, so motions of an SST im flight may still
Lead 1o significant variations in the sonic boom, Some differences in
oversressure due to vortices an the air eaused by subsonie aireraft fiy-

sy through the boom path sere noted,

- ————— i e —- %

# sors Thight~ o wdditien (o those avelved in the Edwards Sonice Boom
Test- are pne luded,
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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 in 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 responsc 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 varjous frequency bands as measured by five microphones
recording the same event. Encrgy 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.

Susmary of Results on Encrgy Spectra

Theoretical properties of the cnergy 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 indicate that all parts
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of the energy spectrum are covrelated with observed variations of the
peak overpressure {4P); the best correlations of AP occur with the en~
*
ergy in the frequency band 20 to 2
K quency © 200 Hz (E,, 290
1000 Hz (Ezs;-moﬂ); energy in the band ¢ to 50 Hz {E&_m) is most inde-

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

} and the band 20 to

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

s significant; 820_2{;& and Ezs—nm correlate best with rise time
and E;} 50 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, 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 [ive microyh;:cnss is observed in

the energy measures 83-56, E&-zt}t}" Sﬁ-la total’

yariability is observed in AP and the energy measures 1-22 0-200 and

00’ and E the greatest

}“23- 1007

D.  Response of Structures

The structural response portion of the Edwards Experiment was de-
signed to meet certain objectives:
1. Determine the responsc or reaction of structures to sonic booms

generated by XB-70, B-58, and F-101 aircraft
. Investigato any damage resulting irom these sonic hooms
3. Develop o means of predicting structural response and pussible

damage from sonic boom goenerated by the SST based on data

from present aircralt,

*Hz = rycles 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 instrumentea,

Instruments were installed to measure the following: acccleration
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 €x-

terior and interior of the structures.

In addition to the above physical measurements, a survey of all
glass windows at Edwards Air Force Base was conducted prior to start of
test overflights, All complaints of damage to residences and structures
at Edwards Air Force Base and the surrounding arca were investigated as

soon as possible after being received.
.

»
Preliminary data and results arc 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 bnoms from large aircraft such as the XB-70 and the fu-
ture Supersonic Transport will affect a greater range of struc-
tural elements (thosc clements responsive to frequencies below
approximately 5 Hz) than will sonic booms from smaller ajircraft

such as the B-58 and F-101; these results are predictable from

*In sddition to the data rcported in Annex G the Department of Agricul-
ture also made measurcments of pressure differentisls across house walls
and plywood pancls erected across the path of the sonic boom. In addi-
tion, "fatigue” of nail joints in the plyvood panels duc to sonic booms
vas also evalusted, At the present time these dats have not boen fully
@nalyzed and cvaluated. It is anticipated that an the near futurce the

U.S. Department of Agriculture will publish a report on the results ob-
tained from their mcusurvments,




a knowledge of the characteristics of the boom signature and

the response characteristics of the structural elements.

2. No demage that could be attributed to sonic booms was ob-
served in the test structures during these experiments.
However, some damage wus alleged to have been caused by
sonic booms in the vicinity of Edwards Air Force Base
during the period of these tests., Fifty-seven complaints

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 demage to structures at
Edwards Air Force Base that could be attributed to sonic

booms from flights conducted for these ‘experimef;ts.

" E. Response of Farm Animals to Sonic Booms

The U.S. Department of Agriculture observed the response of vari-
ous animals on farms located near Edwards Air Force Base during the
sonic hoom tests conducted during June 1966. The results of their ob-

servations are reported in Amnex H.

Summury of Results of Response of Furm Animols Lo Sonic Booms

I. The observed behuavior reactions of animals to the sonic booms
sere minimol except for the avian species. Also, the reactions
were more pronounced to ncise from low-flying subsonic aircraft
thun to booms. Furthermore, the reactions were of similor
magnitude and noture to those resulting from {iving paper, the
presence of strange persons, or other moving objects, For
these reasons, 3 strong relationship between vbserved behavior
react tons ami possible herd or tlock production depression is

very unlikely,

2. Although no signtficant chonges were noted in production, these
tests sere not adeguate to produce any conclusive evidence on
this aspert of sonic boom oifeets, The number of furss avail-

able was nsuilicient tor eswaluating production cifects and the

t




location of those available was not suitable for proper evalu-

ation.

It is alsu 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 1 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-58, and F-104 aircraft,

2. To establish the acceptability o’ subsunic noise (KC-135 and
WC-135B) versus sonic boom (B-58) 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-133B aircraft.

4. To determine the relations between various measures of the
physical characteristics of the acoustic and v:bratjonal ilgnala resach-
ing the subjects located in the test houses and outdoors as the result
of sonic booms and aircreft noise,

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

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

locsted at various intervals along a straight 8000-ft line under the
flight path of an F-104,




6. To-determine the relationship between structural response and
sonic booms of various signature characteristics.

7.- To obtain statistical date regarding variations of signature
shape {overpressure, rise time, ete,) at various measuring stations
along lines parallel with and perpendicular to the flight track.

8. Verification and improvement on the gencral solution for pre-
dictiﬁg sonic boom overpressures and signature saapes for aircraft of
the 88T class through the use of SB-70 and SR-7! aircraft as research
vehicles,

a9, ?q study the atmospheric effects on sonic boom signature propa-
gation,

iU, To perform scismic investigation at Edwards, as well as over
specislly instrumented arrays in Utah and Arizona, to determine the con-
tribution of scismic effects to total structural response.

i11. To conduct some special experimerts 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,

2. To observe the behavior of farm snimals subjected to sonic booms,

C. Work Assignments

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

ments,

® NASA to specify, following consulitation with the Air Force for
operational practicability, the cxperiments that are toncérned
with the generation and propagation of sonic booms through the
atmosphere,

¢ ESSA to specify, following consultation with NASA and the Alr
Force for operational practicability, the experiments that
are concerned with the effects of weather and the atmosphere
upon the propagation of sonic booms. '

¢ Stunford Rescarch Institute (SRI) to spéeify, following -consul~-

tation with NASA amd the Alr Force for operational practicability,

the vxperiments that arce concerned with subjective reactions to

sonic booms and subsonic aircraft noise,
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John A, Blume and Associates Research Division (JABARD) to spe-
cify, following consultation with 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 11, 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 coordiration 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 lLancaster, and some
1nstrumen£ation 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 st the conclusion
of the flight operations at Edwards. This study to be accom-
plished under contract to and supervision of NASA,
Measurements of building responsec 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 bomm

. 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

A-7




to be made by SRI and the information made available to NASA,
Ling-Temco-Vought (LTV), through NASA-LHC, to supply shock tube
simulator and personnel for the operation; these operations were
to be conducted toward the cnd 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-70 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
was 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 providcd by AFSC in accordance with a
prearvanged 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 anear Edwards AFB.

D. Data Heduction and Dissemination Responsibility

NASA was responsible for the snalysis, interpretation, and documen-
tation ol ull pressure data concerned with the gencration and propagation
through the atmosphere of the sonic yunmx. Publication of pressure data
as required by ESSA, SRI, and JABARD was coordinated sitl X1SA to iasure

best and mest uniform presentation ol these data,

JABAHRD provided prelimunary reduction of structural rosponse dats,
digitization of (ree-ficeld pressure signosture data, computler print-ouls
s mis~jon logs and tree={ivld pressure data, digttization of certain

=tructural vesponse data, and duplicate tapes of 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-?ield and

structural response data,

SRl 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.: sonic boom ex-

periments,

II  EXPERIMENTAL IAYOUT

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-l.
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B. Instrumentation Layout - Free~Ficld

The free-field microphone layout included 65 channels (31 NASA-LRC,
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
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30 miles to cach side) out of the “cutoff point’ determined by atmos-

pheric refraction (Stations 1, 2, 3, 6, 7, 8, 9, und cruciform at E-2).
In any case, each lateral measuring stution had from 3 to 5 microphones
(see insert, Fig. A-1) spaced approximately 200 ft apart along the flight
track for determination of atmospheric 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 {or the B-58/F-104 flights and was
used primarily to obtain a dense microphone uarray at Site 9 (sce Fig,
A-4) for the ESSA atmospheric studies and also to obtain lateral spread
information relating to the aircratt offsel studies originally proposed
but not incorporated into the flight pregram, 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 ¢verpressure, period,
and waveform class including near-field or far-ficld ¢lassification.

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 SRI and JABARD. Knowledge of the wave-
form permits an indication of the distortion resulting from the atmos-
phere gnd 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, measurcments of ajr tempera-
ture at heights up to 10,000 ft MSL were made by means of modified,
slow-rise radioscage,. and instrumented aircraft. The latter were used
to obtain horizontal temperaturc profiles in the vicinity ot any existing

temperature inversions,

A-13
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€. Instrumentation Layoul - Structures

The test facilities were comprised of two test structures and an
ad jacent concrete block house located about one mile south and west of
the muin runway at Edwards Air Force Base. The two main test structures
were a one-story house, E-1, and a twe=story house, F-2 (Fig 1},
Another test structure wos the Bowling Alley, E-3, located about two
miles north and west of the main runway {(Fig. A-1). All structural and
subjective responses were measured and recorded in and around E-1, E-2, 3
and E-2. Tables A-1 to A-3 and Figs. A-6 to A-1l 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.irumentation 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 1 and Phase II.

D. Flight Mission Loyouts

Figures A-12 through A-15 present the mission layouts for all sched-
uled flights, On euach figure are indicated the mission numbers, basic
setup, indication of parties involved, aircraft type including {light
track und headings, steady point, recorders on, and end of run, Figure
A-12 was designed for missions 1-84, Fig. A-13 is a supplement lor probe
flight missions 1-4, Fig. A=-1d is for the B0OU-ft linear array used in
the ESSA study, and Fig. A-15 for the high altitude, high Mach number
SR-71/Y12 flights in shich some building respunse studies wery sched-
uled {no sxubjective studies invelved). One-hundred-one missions were
flmen in Phase I using one or two supersunic atrcraft. Eighty-four
missjans aére planned in Phase [1 asiag up to four aircraft per mission,
Overf{lights serc scheduled to occur between (830 and 1230 on mission

dary.. See Appenadis A=l for details of strceraft operational support,
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TABLE A-1
INSTRUMENTATION LOCATION - STRUCTURE E-1
(See Fig. A-6)

Transducer  Channel

MA-1 101 In center of LR suspended 6 feet from {loor,
MA-2 102 In center of FR-KIT area suspended 6 feet irom {loor,
MA-3 103 Center BR #1 suspended 6 feet from floor,
MA-4 104 BR #1 movable.
MA-5 165 FR-KIT arez, movable by SRI.
MA-7 113 Outside subject group.
A-1 304 On 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 wail at NE corner.
A-6 2G3 At top plate on N wall at NE corner.
A-11 202 BR #1 E wall (horizontal).
ML-1 803 Outside N wall above plate.
1L-2 804 OQutside E wall.
ML-3 209 BR #]1 next to A-ll,
ML-9 . 205 Center ceiling attic side above FR-KIT arca,
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.

A-17
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TABLE A-2
INSTRUMENTATION LOCATION - STRUCTURE E-2

{See Figs., A-7 through A-9)

Between LR and DR 6 feet abovefloor.
Over center in KIT 6 feet above floor,
Center of BH #1 & feet above floor,
Center of FR & feet up.

Movable FR-KIT-DR,

Movable FR-KIT-DR,

On concrete block DR,
On concrete block FR.

Suspended between LR and DR adjacent to MA-1.
Located in attic above BR #1.
Suspended below ceiling center BR #1.

On concrete block BR #1, vertical.

On voncrete block FR.

Movable FR-KIT-DR ares. {Dinette window 10/31)
Movable FR-KIT-DR area. ({Pantry louver door 10/31)
Movable FR-KIT-DR area. ({(Cabinet door 10/31)

Un concrete block BR #1. {(N-5 Direction) - Movable
Movable FR-KIT-DR area. (Side of stove 10/31}
Movable FR-KIT-DR area. {Dining room window 10/31)
concrete block BR #1. (E-W direction) - Movable

exterior at roof plate line on N side of NE corner.

exterior at roof piate line on E side of NE corner.

exterior at second floor plate line on N side of NE corner.
exterior at second floor plate line on E side of NE corner.
bottom chord of roof truss approximetely over center of BR #1.

center stud at mid-height on E wall of DR,
center stud at mid-height on N wall of BR #1.

895998 §

Located on large plate glass window gerage entrance.
Located on large plate glass window garage ontrence.
Locuated on large plate glass window garage entrance.
Located on large plate glass window garage entrance.

Adpcent to A-D with same axis,
Adjavent to A<B with same axis.

Outxide E wall middle of second story.

OQuistde E soll middle of [*rst story, outside of D,

Outside on wall nbove garage rool,

OQuiside % garage wall above plate line.

Center ol rool N side,

Center of high rool 8 side,

it side N wall middle of second story,

Duisige § wall mid-second story, midway between porch roof and esve line,
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TABLE A-3
INSTRUMENTATION LOCATION - STIUCTURE E-3

(Sce Fig. A-10)

Top of steel column (interior of buulding) Eust-West racking accelerstion,
Top of steel column (south side) Fast-West racking acceleration,

Top of steel column (south side) North-South racking acceleration,

Top of steel column (west side) North-South racking acceleratijon,

Center of roof girder, vertical acceleration of girder,

Interior ~ 3' below roof .
Exterior - above roof,

Strain gage on bottom flange of roof girder at centerline.

Strain gage on bottom tlange of roof girder at 1/4 point,
Strain gage on bottom flange of purlin at centerline.
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LOADING MICROPHONES
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FIG. A9 INSTRUMENTATION LOCATION, STRUCTURE E-2 ELEVATION
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MISSION NO. | through 84
{For Probe Flights ses map for mission 1-5, Feg. A-13)

SETUP: All hotel s (E=1, E-2, E=1) Site 9, lutera] stotions
FOR: SRI, JAB, NASA, ESSA, ond Geotech
AC: B~70, B-38, F-104, CW-123B [oll a'c on 845" mag. hdg. over Hotel -2

excopt same B=70 Flights disploced 13 st. mi. north on 2457 mag. hdg. ond
CW-135B on heading 065" mag. over Hotel E~2).

STEADY POINT: B~358, F~104 ot 27 n.mi. sost of Hotel E=2, B~70 of minimum of 33 n.mi,
east of Hotel E~2. B~58, B-70, F~104 hold conditions from steady point
to Hotel E-2. CW-133B standy 2 minutes prior to overheod Hotel E-2 and
hold 2 minutes ofter passing Hotel E~2,

RECORDERS ON: For sonic boom runs ot Tacon for all laterc] stations and ot averhead Hotel E-2
for oll hotels ond Site 9. For neise runs {CW-135B] count down enly from 2,
112, 1, and 12 minute 1o averheod Hotel E~2 {not necessory to indicate
racorders onl.

END RUN: Sonic boom runs ~ over Hotel E~2 A/C STEADY POINT
CW-135B runs - 2 minutes after pessing E-2 START RUN
. I
1 mi) -
1 w13
o1$PLACED TR
%8-10

4

CORNERS
TACAN

MOTEL 1,2,3 ROGERS

SITE 9 bRy a
s 24%° MA
inutes soo AU
miny Y% \ Soﬁ‘c %8 F'EQ‘

% i > xa-?o ‘8‘ *
| S SOS——
¢ 2%

ALL LATERAL STATION SCALE—aft

RECORDERS ON

— LINE OF LATERAL

ALL MOTELS AND SITE &
STATION ARRAY

RECORDERS ON
END RUN

W .. - L

1. Note: For oll ghove sonic boom runs oll averpressure meosurement stonons, subjective
response, and building response ‘Husel E~1, E=2, E=J) are involved. Foro ¢
norse runs (CW=135B) only subjec:..e und Hotels E~1 and E~2 are involved.

2. Note: On B-70, NASA, F-104 probe Flights, probe tess must be completed by Four Corners

ond F=104 o ¢ turn o 50 o3 not 1o boom Hotel E~2. 1f probe missisn not completad
by Four Corners, then NASA probe F ~104 must abort (see mop for missiond 1-5 Fig. A-10,)

T ~4085~9

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

Jest Avaﬁgbie Copy




PROBE MISSIONS 1~ §

{ottachmen? to missions | ~ B4)

SETUP: {See missions 1-84, Fig. A-12)
FOR: NASA-LRC
AC B-70 o3 genesating arrcroft and NASA FRC F-104. B-70atM - 1.5

at 37,000 ms! and F~104 ot 1.3 10 1.7 ot 42,000 msl. Hdgs 245" mag.
on track over Hotel E-2.

START PROBE
PENETRATION: Soda Lake {approx. 90 n.mi. edst of Hotel E~2)

END PROBE
PENETRATION: Four Corners (30 as nct to boom Hotel E~2 oreo with NASA F~104 probe o c.)

Y

F-104 END RUN h A
\ S son
NASA-F-104 !
a corners [ HARPER COXOTE  grart RuN } ME_ o-
LAKE ARE -
™\ -10 .
ROGERS “~ X870 e 24
< - o PASSE NAG
oRY) paSSES X8-7
—é&*}f %8-70 passES F-!
\nora L2,y
SITE 9
[FS VT S ]
[a -] 3 10
HIR\AELUIE SCALE—mrien

1. Note: Probe mission 1s accomphshed os follows: B-70 passes F-104 who ts ot M . 1.3,
then F~104 accelerotes to M - 1.7 and passes B~70, then F-104 decelerotes o
M . 1.3 back through B-70 flow field. Above 13 optimistic conditien. Minimum
consists of only single megsurement.

2. Note: H probe F~104 does not complete his mission by Four Comers, then probe mission

must cbort. T4 -4088-10

FIG, A-13 FLIGAT TRACKS, MISSIONS 1-5
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MISSION NO. 8K -1, 2,3, -~ - -,

SETUP: East Lokebed Site 8000 Linear Arrgy
FOR: ESSA
AC: F-0ior 20,500 mslot M 1.3on 245° mog. hdg.

STEADY POINT: Four Corners
RECORDERS ON: At TACAN

END RUM: Eost Edge of Rogers Loke [see sketch balow)

Note: For these studies no building response magsurements or subiective studies involved.

A/ STEADY POINT

END RUN  RECORDERS ON / START RUN
2a8° MAG
TACAN  __.—=""T
TEST AREA \& CORNERS
\ 8X ARRAY
HOTELLZ,  ———
SCALE—xn
Trut
NORTH
a0 hE-

FiG. A-14 FLIGHT TRACKS, 8000~-FOOT MICROPHONE ARRAY MISSIONS, F-104
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MISSION NO. SR - 1, 2,3, - - -,
SETUP: Thet exrsting for scheduled piogrom mission

FOR: ‘ NASA (radar plots to be held in file by SPORT - plor: required from stendy
poInt to overheod.)

AC: SR=71 or Y~12 (olways identified as SR but SPORT will mark plot as SR ot
Y=12 with coll sign) oll Hights aver Hote! E~2 at flight categories a b, ¢, d,
o, f, g, h (SPORT 10 not:fy Tango ) of expected Flight categories (i.e., o, b, etc.i
STEADY POINT:  Approx 25 n.mi., in any direchion, from Hotel 2 (E-2)

RECORDERS ON: At Tacan ond ogain Hotel E~2 (see Note 1)

END RUN: Over Hote! £-2 ll STA |
i
TEHACHOP! P — T 98TA2
D Y . LATERAL STATIONS
RECORDERS ON
SITE 9 AND / [J MOJAVE 0STA} o~
ALL HOTEL , HARPER LAKE
RECORDERS ON ~ \ N
RGERS 205° M4 peginen
. l RY.) o= ssoag ) FLIGHT
I05°MAG _J. LAKE[=\ " @u 3—5—' TRACKS
o MAG _p— ~ “ROSANOND
06" = \ ORY-LAKE oS /I
)
o ./
N ANCASTER m\ NIRAGE LAKE
AN 0% s\
~
22 ami RADIVS oSTAS —
A/C STEADY POINT SCALE — mutes

1. Nete: For ol sost 1o west or wes? to east or over supersonic carridor runs ell hotels and
sverpressure mcording s1atiors involved ond recerders on ot both Morel E-2 end Tacan.
Tur 51 moheadine  dhet thae F "+ Tango ! ond Site 9 involved ar ' cc’ @
re .vseurs on enly ot Hotel E 2.

2. Note: For thess studies only NASA pressure megsurements end ot 1imes building response
meosuremen’s ore involved (net subjective siudies) depanding on how SR or ¥~12
migsiens ore scheduiod.

3. Note: Flight catogary specihies alt. end M. Thete wili not be ennounced, enly coregory

{ra., &, b ¢ otc). \p suthings abtoined from separote lishing.
ve.s088-12

FIG. A-15 FLIGHT TRACKS, 5R-71
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III  INSTRUMENTATION AND DATA REDUCTION

A, Instrumentation Installation and Operation
1. Eree-Ficld

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 z trailer
located approximately due north of E-1. 1Ir addition, NASA together with
Lockheed, installed and opersted the microphone systems shown in Fig. A-3,
Recording and signal conditioning equipment was installed in mobile vans
or in fixed shelters. Power for eguipment 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 80
ft high., {Appendix C) Measurements were recorded on a l4-channel FM tape
recorder located in s temporary structure, Power was supplied by a por-

Ltable 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

Aercjet General Corporation, Aetron Division under subcontract to
JABARD operated instrumentation during Phasc Il previously installed and
operated by NASA during Phase I in E-1, and E-2, and E-3, The instru-
ments in the housc in Lancaster were installed and operated by Datacraft,
Inc., under subcontract to JABARD during Phase I, Eyuipment was checked
out and necessary adjustments were made for Phase Il operation during
the last two weoks in October, JABARD also rearranged some of the trans-
ducers in E-1 and E-2 to meet SRI Phasc I1 rcquirements., JABARD fur-
nished and installed four additional microphone systems and two displace-~
ment transducers in E-2 and two additional microphone systems in E-1 for
Phase II,

A- G0




TABLE A-4

OPERATING CHARACTERISTICS OF FREE FIELD MICROPHONES

Microphone type

Frequency response
Resonant frequency

Signal Conditioner

Amplifier

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

0.02 -10,000 Hz +2 dB

About 7000 Hz

Photocon DG-605D Dynagage

Burr-Brown Model 9077A




Boving under subcontract to JABARD turnished, installed, and oper-

ated twelve microphone systems located on the exteriors of E-1 and E~2
to measure boom leadings on these two structures during Phase II,  Re-
cording, signal-conditioning, and dircct-write cquipment werce installed
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-1 and
E~-2 from power pancls 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 Allev, connected it to instrumentation
previously installed by NASA, a~d then checkad out and operated the ten
transducer systems,

Tables A~-5 to A-7 present the operating characteristies 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 generall’y enclosed so that
the temperature of the air immediately surrounding the equipment did not
change tooc 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 Madel No. VR 3300 magnetic tape rocorders were used for gall

instrumentation, Fourteen track machines were used in and ncar the
structures and seven trock machines on the large microphoune arrays,
Tape speed was 30 ips with FM recording. Center [{requency was 54,0 kHz
with an information {reoquency of 0-10 kHz 20.5 dB, The full-scale
signal=to-noise ratio (HMS signal/RMS noise) was 13 JdB. 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. Nomninal
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 foi booms, Noise re-
cordings of a typical aircraft flyby innluded 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"
sirnals 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-write 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 usec by all
participants as required, These and other weather data
are being analyzed by ESSA,

3. Acoustic and Vibrational Kesponsce -~ SRI
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4. Structural Responsce - the primary responsibility in this
area wes assigned to JABARD. Analysis of struciural
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 lowe-trequency 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 suppiied DR aud D with copies of the summary sheets, NASA
also supplied DR and D with a copv of the radar plots for all wissiens,
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 sc that they could be processed
by computer and printed output fu.nished to participants, The information

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

1. Mission log

a. Date
b, MNission
c. Alrcraft
d. Altitude, 1000 fi, MSl*
e. Mach number {or speed kph for subsonic aircraft)*
f. EPR {take=-off or lsnd‘ng)®
g. Heading*
h. Offset from track, left or right#
i. Observed boom iime, or timc overhcad for subsonic sircraft, ZULUe
. Remarks
k., Card type identification no, (1}
*0ver test structure E-2

2. Digitf:otion log - Deta

a, Date

b, NHigsion

¢, Afrcraflt

d, Digitizing start time

e. Digitizing stop time

{. location {test structurcs E-~1, E-2Z or E-3)
. Card type t{dentification no, (2)

A-18




3. Instrument Location log

b, Channel

¢. House number and instrument designation

d. Instrument type .

e, Location

f. Location number (0 = inoperative, 1 = lst position,
2 = 2nd position, etc,

E. Card type identification no. (3)

|
|
a, Date

4, Channel Calibration Log

a. Mission

b. Channel

c. House numier and instrument designation
d. Pre-caliorations

e, Post-calibratinns

f. Run attenuatjon and gain setting

Z. Remarks

h. Digitization sample rate, sps

i. Digitization filter cutoff

J. Card type identification no. (4)

5. Digitization Log - Calibrations

a. Date

b. Channel

¢. 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. Summary of Cruciform DMata

s. Mission

b. Channel ,

¢. House number and instrument designation

d. Wave form type code number for pressure mikes, See Figure A-S

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 ;. pressure wave front and
the ground as determined from the crucifora array.

1. Wave ground speed, ft/sec

J. ‘Card identification number (6)




The Mission Log in chronological order for Phase 1 is given as
Table A-B. The Phuse II Mission Log in urder of mission numbers 1is given
in Table A-9, omitting remarks and card type. The Instrument Location Log
for 15 November 1966 is given in Table A-10 as an exanéle of the logs that
were compiled. A copy of the Summary of Cruciform Deta is presented in
Anpex C. The data are arranged in chronological order for Phase I and in
order by mission number for Phase 1I 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
oun each snalog 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).

8. Analog tape number, date, iape recorder number, and totsl

number of missions

b. Channel locations (Card 3}

¢. Pre-calibration digitizction start-stop times (Card 5)
d. Mission identification (Card 1)

e. Mission digitizotion sturt-stop times (Card 2)

f. Channel calibrations (Card &)

g. Post-cslibration digitization start-stop times (Card %)

2. higital Tape &gs

The Jsnalcg tape records all chunnel data, wheress the digital
tape contains only selected channels. The digits]l tape log is
similar to the analog tape log, but contains the nocessary iden-
tification for only those channelx that have been digitized.

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

but the digital tape may contain only 602, 603, 6035, snd 607.
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TABLE A-8
MISSION LOG - EDWARDS PHASE I

DATE | MSN A/C | ALT MACH | EPR | HDG| OFF- | BOOM TIME
DY MO YR KFT OR SET HR MN SC
MsL | SPD N/S ZuLy*

4JUNG6, 14 | F-104 | 35.6 | 1.7

A4JuNe6 14 | xB-70 | 52,9 | 1.81 243| 2.5N | 17 28 o0
6 JUN 66| 39 | B-58 31.4 | 1.25 244 4.64N | 16 00 00
6 JUN 66| 398 | Kkc-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 21.4 | 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| 71R | Kc-135| 3.3 1.5

6 JUN 65| 41 | B-58 31.3 | 1.45 247| 0.178 | 16 34 44
6 JUN 66 41B| KC-135| 3.3 1.5

6 JUN 66 72 | B-58 43.8 | 1,55 244| 4.85N | 16 43 55
6 JUN 661 72B | Kc-135| 2.8 1.5

6 JUN 66! 74 | B-58 32.4 | 1.30 242| .72s | 17 01 52
6 JUN 661 74B| KC-135| 8.3 2,35

6 JUN 66| 44 | B-58 43.4 | 1.57 245] 5.00N | 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.s3 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| 0.25N | 17 31 30
6 JUN 66 73B | Kc-135| 2.5 2,38

7 JUN 66| 76A | B-58 31.6 | 1.48 241| 1.08s | 16 i0 40
7 JUN 66| 76B { 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| 4,958 | 16 23 0
7 JUN 66| 77A| Xc-135] 2.0 2.35

7 JuN 66! 778! B-s8 31.7 | 1.81 244| 0.105 | 16 33 12
7 Jun 66| 46a | kc-13s] 2.6 2.35

7 JUN 66] 468 | B-58 43.7 | 1.63 246! 5.42N | 16 40 03
7 JUN 66| 48A | B-38 38.7 | 1.3 245| 5,238 | 17 11 20
7 JUN 66| 488 | xc-138! 3.0 2,35 !

7 JUN 66| 79A | B-58 1.6 | 1.82 244 0.12N | 17 22 20
7 JUN 66| 78B| Kc-133| 2.6 2,33

7 JUN 66| 49A | B-38 43.3 | 1.43 252| 4.68N | 17 28 13
7 JUN 66| 49B | KXC-135; 4.3 2.38

7 JUN 66| BOA | B-38 31.6 | 1,53 2¢4] o0.258 | 17 38 45
7 JUN 66} 80B| Xc-135! 3.0 2.35

7 JUN 66; 50A| B-S8 3.2 | 1.43 245! 5,008 | 17 47 37
7 JUN 66| 50B| KXc-135] 8.3 2.35

7 JUN 66| B1a| B-58 31.4 | 1.49 2¢45| 0.085 | 17 56 25
7 JUN 66| 81B| KC-133] 4.3 2,38

¢local time is ZULU m:nus 8 hou‘rs.
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TABLE A-8

MISSION 1OG - EDWARDS PHASE I {Continued)

DATE uSN A/C ALT MACH EPR | HDG| OFF- BOOM TIME
DY M YR KFT OR SET HR MN SC
_MSL SPD__ N/S ZULy
8 JUN 86| 1 XB-70 31.8 1.38 246 5,025 15 19 00
8 JUN 66} 434 |B-58 42.4 62 2451 5.24N] 16 00 22
8 JUN 66! 438 JKC-1351 14.3 2.35
8 JUN 66] 754 |B-38 31,2 1.44 244] 0.,23N] 16 08 45
8 JUN 66] 75B 1KC-135 8.3 2.35
8 JUN 66] 424 |B-58 43,3 1.87 247] 4,858 ] 16 14 50
8 JUN 66} 42B {KC-135 2.8 1.5
8 JUN 66] 73A }B-38 31.2 1,50 2451 O,I0N| 15 24 20
8 JUN 461 73B {KC-135 2.5 1.5
8 JUN 66] 414 |B-58 43.2 1.60 2467 5,32N1] 16 30 10
8 JUN 66] 41B ] KC-135 5.3 1.5 ‘
8 JUN 66] 72A |[B-38 31.2 1.49 245! 0,16N| 16 28 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] 5.90N1 17 05 10
8 JUN 86} BORA | KC-135 2.8 1.5
8 JUN 66] BORB | B-58 31.3 1.46 247] O0,14N| 17 12 30
8 JUY 66] 56RA ] KC-135 5.3 1.5
8 JUN 66] 56RB | B-58 43.0 1.84 244} 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] O0.40N| 17 28 30
8 JUN 66] 55RA |KC-135] 10.3 1.5
8 JUN 66] 53RB | B-58 43.2 1.64 244] 5,16N] 17 36 10
8 JUN 65] B6RA | KC-133 5.3 1.5
8 JUN 66! 86RB | B-5B 31.4 1.49 229 17 45 00
§ JUN 66/ 86SA | KC-135 5.3 1.5
9 JUN 68] B6SRB B-58 1.0 1.50 246} 0.25N] 16 08 30
8 JUN 66] 555A | KC-135] 10.3 1.5
g JUN 66] 35SRBI B~58 35,7 1,69 244] S5.178] 16 19 20
8 JUN 66 87SA | KC-135 3.3 1.8
9 JUN 66{ B7SRH B-58 31.0 1.53 244] 0.085] 18 25 58
9 JUN 66| 56SA | KC-13% 5.3 1.%
9 JUN 66 563RB B-38 43.3 1.72 243] 4.70N] 16 34 30
8 JUN 66 80SA | XC-138 2.8 1.5
® JUX 86; BOSRH B-38 31.0 1.53 245] O0,08N] 18 41 40
8 JUN 66] STSA | XC-133 3.3 1.%
8 JUN 86] STSRBI B-38 43.1 1.70 244] S5.33N| 18 49 10
% JUN €6 41SA | B-38 42.9 1.%2 240] 4.8IN] 17 07 54
9 JUN 68] 413B ; XC-133% 5.3 1.3
8 JUN 66 7384 | B-38 31.7 1.50 243] 0.498] 17 16 1%
8 JUN 66! 733B { XC-13% 2.8 1.5
$ JUNX 88] 428A | B-38 43.1 1.52 241] 4.898] 17 23 54
9 JUN €61 432SB | XC-138 2.8 1.5
9 JUN 661 735A | B-%C 31.7 1.5% : 246 17 31 23
8 JUN 66§ 758B | KC-135 8,3 2.33{
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TABLE A-8

MISSION LOG - EDWARDS PHASE 1 (Continued)

DATE | MSN A/c | ALT MACH | EPR | HDG| OFF- | BOOM TIME
DY MO YR KFT OR SET HR MN SC
MSL SPD N/S ZULU
9 JUN 66| 4354 B-58 43,0 | 1.68 243 | 4.e2N[ 17 39 00
9 JUN 66| 43sH KC-135| 14,3 2.35
9 JUN 66| 4254 B-58 43.3 | 1.70 244 | 4.92N| 17 57 00
9 JUN 66| 42SH KC-135| 2,8 1.5
9 JUN 66| 46S4 B-58 42,9 | 1,68 246 | 4.74N| 18 11 10
9 JUN 66| 46SH KC~-135| 3.3 2.35
9 JUN 66| 7254 B-58 31,3 | 1,53 248 0.63N] 18 22 10
9 JUN 66| 72SH 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| 18B| B-58 49,6 | 1.66 234 | 0.365| 16 49 22
i3 JUN 66| 21A| B-58 37.8 | 1.69 230| 0.218| 17 00 16
13 JUN 66) 21B| B-58 49,2 | 1,72 231 | 0,358) 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| 20A| 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 | 0,538| 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| 26B| F-104 | 29,9 | 1.54 238 | 0,108| 16 10 50
{14 JuN 66] 38A| F-104 17 45 00
il4 JUN 66| 38| F-104 | 29,7 | 1,52 233 17 45 45
|14 JUN 66 37A| F-104 | 29,7 | 1.49 231 17 57 30
14 JUN 66| 37B| F-104 | 21,1 | 1.39 231 | 0,02s| 17 58 40
15 JUN 66] 1 F-104 | 14.1 | 1,21 236 | 0.47N| 16 14 50
15 JUN 66| 1XB| F-104 [ 28.1 | 1.50 233 | 0.13N| 16 16 40
15 JUN 66| 2XA| F-104 | 20,7 | 1,32 237 | 0.66N| 16 21 40
15 JUN 66| 2xB| F-104 [ 14.1 | 1.20 233 | 0.22N! 16 2210
15 JUN 66| 3XA| F-104 | 29.1 | 1,58 234 | 0,17N| 16 38 25
15 JUN 66) 3XB| F-104 | 14.2 | 1.15 235 | 0.18N| 16 39 S5
15 JUN 66} 4XA| F-104 | 124.1 | 1,28 235 | 0,18N| 16 47 15
1S JUN 66] 4XB| F-104 | 20.9 | 1.62 233 | 0.445| 16 48 20
16 JUN 66| 27A| F-104 | 29,3 | 1.65 230 | 0.108| 15 36 28
18 JUN 66| 27B| F-104 | 20.5 | 1.40 228 | 0,265| 15 57 350
e Jvn 6] sx! F-104 | 29,7 | 1.65 344 | 0.23E| 16 04 25
20 JUN 66| 48A| B-58 | 41,3 | 1.5% 232 2,208 ] 18 54 SO
izo JUN 66 48B| KC-135| 5.3 1.8
120 JUN 66) 78A| B-58 32,1 | 1.45 232 | 1.908| 16 08 00
‘20 JuN 66| 79B| KC-133| 3.3 1.5
'20 JUN 66| 33A| B-38 42,7 | 1.59 233 | 5.,00N| 16 18 54
20 JUN 66 $3B| KC-135| 4.3 2.35
20 JUN 66| 84A| n-38 31,2 ) 1,43 236 16 27 10
120 JUN 66] 84B| KC-138] 3.0 2.30
'20 JUN 66| S4A| B-58 43.¢ ' 1,% 230 | 4.87N] 16 35 40
20 JUN 66| S4B| KC-135! 3.0 2.30
20 JUN 66| S9A] xC-135| 12,0 2,35
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TABLE A-8
MISSION LOG - EDWARDS PHASE I (Continued)

L DATE | MSN a/c | ALt MacH{ EPR | HDG| OFF- | BOOM TIME

Y MO YR KFT SET HR MN SC
MSL N/g L ZULU |

20 JUN 66| 59B | B-58 43.4] 1.4 233} 5.00N| 17 10 00

20 JUN 66| 98a | Kc-135| 6.0 2.35

20 JUN 66| 98B | B-58 31.3| 1.50 233 | 17 15 a5

20 JUN 66| 60A | Kc-135] 6.0 2.35

20 JUN 66] 90A | Kc-135] 6.0 2,35

20 JUN 66| 90B | B-58 31.8| 1.55 230| 0.17s | 17 32 00

20 JUN 66| 85A | B-58 32.3| 1.45 231| 4.358] 17 40 00

20 JUN 66| 858 | Kc-135] 2.6 2.30

20 JUN 66] 93A | KCc-135] 2.6 2,30

20 JUN 66| 93B | B-58 2,1 | 1.55 231| 0.17s | 17 47 50

21 JUN 66| 88A | Kc-135[ 2.5 1.5

21 JUN 66| 89B | B-58 18| 1.46 232 | 0.12N] 16 01 55

21 JUN 66] 584 | KC-135] 2.8 1.5

21 JUN 66| 588 | B-38 43.6 | 1.67 233 | 5.12N| 16 11 02

21 JUN 66] 994 | kc-135] 4.3 2,35

21 JUN 66] 998 | B-58 1.7 1.47 233 | 0.178| 16 17 05

21 JUN 66| 66A | Kc-135] 2.8 1.5

21 JUN 66| 66B | B-58 39.9| 1.58 233 | 5,008| 16 25 17

21 JUN 66{100A | Kc-135] 3.0 2,35

21 JUN 66{100B | B-58 1.8 1.46 232 | J.14s | 16 30 23

21 JUN 66] 68A | kc-135] 8.3 2,35

21 JUN 66| 68B | B-58 44.1| 1.6 232} 4.83N| 16 39 19

21 JUN 66] 69A | B-58 39.4| 1.39 233 | 5,00N| 17 29 35

21 JUN 66| 69B | 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| 488 | Kc-135] 5.3 1.5

21 JUN 66| 40a | B-58 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 | B-38 43,9 1.64 233 | 5,168 | 18 08 59

21 JUN 66| 61A | Xc-138] 4.3 2,35

21 JUN é6| 61B | B-58 43,3} 1,82 232 | 4.76X | 19 37 19

21 JUN 66{101A | KC-135] 2.6 2.3% .

21 JUN é6{101B | B-38 n.7| 1.%0 233 18 51 1%

21 JUN 66| 85A | B-358 an.7| 1.50 234 | 0.22N| 20 0% 50

21 JUN e6| 858 | Xc-135] 2.6 2,35

22 JUN 66| 28A | B-58 37.0] 1.63 234 | 0.18N | 16 13 27

22 Juxee| 288 | F-104 | z20.8) 1.3 233 | 0.165 | 16 12 43

22 JUN 66| 19A | B-38 37,21 1.64 233 | 0,248 | 16 28 15

22 June6f 19B| F-104 | 20.5]{ 1.42 233 | o0.20s | 16 30 05

22 JUN 68] 6X | B-38 43,6 1.60 258 | 1,345 ] 16 48 24

22 JUN 66| 30A | B-38 37.4 | 1.65 230 | 0.208 | 17 43 34

22 JuNe6| 30B| F-1.0| 20.7| 1.7 232 | 0.165 | 17 44 38

22 JuN 66| 34A ] F-104 | 20.6{ 1.29 233 17 56 06

22 JUN 66] 34B| B-38 43.41 1.61 230 | 4.00N| 17 57 06

22 JUN 66| 24| B-38 43.3| 1.60 233 | 5.06N | 18 10 37

22 JUN 66, 24B| F-lo4 | 20.9| 1.38 231 ] 0.23s | 18 11 26




TABLE A-8
MISSION LOG - EDWARDS PHASE 1 (Continued)

MSN| A/C| ALT | MACH | EPR | HDG | OFF~ | BOOM TIME
KFT SET | HR MN SC
MSL VS | zuLy

35A| B-58 43.4 225 | 0,928 | 18 21 21
35B| F-104 21,1 235 | 0,25N} 18 22 47
25A1 F-104 21,9 233 | 0.21N{ 18 36 39
25B| B-58 43,2 233 | 4.89N| 18 37 59
23A| F-104 29,7 237 | 0.34N] 18 50 21
23B| B-58 37.4 232 | O,50N| 18 52 05
17a| B-58 37.6 231 | 0,39N| 15 40 08
17B| F-104 21.6 227 | 0.465} 15 48 00
22A| F-104 29,3 232 15 59 59
22B| B-58 43,4 229 | 4.25N! 16 00 40
31A| B-58 37.5 231 | 0.12N; 16 12 14
31B| F-104 21,3 232 16 12 21
33A! B-58 43,2 232 ] 5.02N|] 16 21 38
33B| F-104 29,8 230} 0,108] 16 22 04
20A| F-104 21,5 i 233 | 0.19N| 19 51 20
20B] B-58 37.4 ¢ 233 | 0.108( 19 54 17
36A| F-104 20,9 230 | 0.37S8] 20 05 15
36B{ B-58 37.4 231 ] 0,255 20 06 26
7X} F-104 29.6 2581 0.298| 20 18 18
6X2| B-58 43.5 258 | 9.,86N| 20 21 21

Pt bt ot et et et et et bt Gt Pt bt e et pd B e b e
M e o ¢ 8 s s o =
NURAWHAWHBNAWOHANBLDNDUGDWND
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TABLE A-9

MISSION LOG - EDWARDS PHASE I1I

DATF MEN | A7C [ ALT | MACH) EPR | HDG| AFE- nng aner THE
nY MCooym ¢eT | or | TKFT L8 SRR BN
ver | spr ki pey LR,F{ i dzaen
1
23 NOV 661 1-1] ¥B=7p | 37.2] 1.458 IR TR TR
73 NOV &6 1~2| F-104
23 NOV 66f 1=3] B-58 2244 140 2anl | TG? 107 18 20 37
23 NOV 66| 1-6] F-1064 | 18,5 1,2 2611 P 2,71 297 10 22 14
10 NOV 66| 2=1] XB=70 | 27.3] 1,48 734) 137,¢[ 214 16 o e
10 NOV 66) 2=2| F=104 '
10 NOv 66| 2=3| B-58 | 32,0] 1,50 2571 L 7.5 214 17 11 00
10 NOV 66] 2-4| F-=104 214 19 15 22
12 DEC 66] 3=1] B=58 | 32.4) 1, 247 R 7.8] 266 1R 27 21
12 DEC 66] 3=2| XB=70 | 37+6] 145 246) L 0.9) 2484 19 31 42
12 DEC 66] 3=4] F-104 [ 17.8] 1.3 245 | 2.7| 264 18 39 5]
16 DEC 66| 4-1] B=58 | 32.0] 1.5 2670 © 1,9 757 1% B2 4+
16 DEC 66] 4=2| XR-70 | 38.6] 145 246 284 18 €7 40
12 DEC 66| &~1] P-858 | 3643 1455 245 PA3 LA 264 17 55 12
12 DEC 66] 5-2| XR-70 | 5941] 2,49 2u6| RGB I | 246 17 05 2]
12 DEC 66] 5-3] WC125R 1.8 Te76 ] 088] L DWR] 24f 1% 07 27
20 NDEC 66| 6-1] B=-58 | 35,5 1,65 264} P4r 4] 254 19 54
20 DEC 66] 6=2| XR-70 | 60enf 245 24R| DR 0 284 2a o7
20 DEC 66] 6=3| WC1258] 3.7 1e76| 75 R4 27 N1 40
13 JAN 67| 7-1] B-58 | 3548 1462 261 P3P,7| “13 18 "2 &&
13 JAN 67| 7-2| DC-8 2,7 le7€ | 74R 213 18 18 0%
13 JAN 67| 7-3| XB=70 | 60e% 245 249 p71,2 134 18 17 2~
17 JAN 67| 8-1] B-58 | 35,5 1465 268 L 1.2 M1 17 67 &5
17 JAN 67| 8-2] pC-8 346 1e87 | n78) L "g7! 717 17 &1 &E
17 JAN 67| R=3] XB-70 | 6040 2.° 264} PAR,DL 17 17 R e
10 NOV 66| ©o=1] xR=7¢ | 59.4] 2,51 266, R31 8 214 18 2t 11
10 NOV 86| 92| B=SR | 4044] 1465 267 P 1.8 314 18 20 A
10 NOV 66] 9~3| F-104 | 2141} 1414 20| R 740214 1R 44 2%
23 NOV 66]10-1] XB-70 | 5947} 2446 246/ L1343 227 18 90 01
23 NOV 6] 10-2] R=58 | 3244 1,32 290 A,n 27 1 e 10
16 DEC 66| 11~1| F=104 | 2048 144 264 | 1,51y 1= 10 1P
16 DFZ 8&] 112 6P ] 40,7 1.4E LR PE LS B LR
16 NFC 46] 11=7] xR-7g | 59,4 2,5 PuRl 284 1& 20 1k
& JAN 671 17=1] Rasp G, 1,6° ?e‘;f-f i ?,Es.}n 7n w €
6 JAN 67]12-2] xR-7n | 404 . kL S 0NG 20 4n RO
& JAN 87| 12=1] F=]104 | 2240 142 ?ﬁsin £o7l 04 20 46 22
3 MOV 66] 17=1] P=fR | IR A 1,48 a4 g P,% 3T IR Ry O~
T NOW BAL 177 ¥RaTa | A0 148N L} M fgh TR IR &2 M3
2 HOV AK| 1= F=104 | 27ed 1e4n *6ny B 1,4 307 1e &7 12
20 DFC 6] 141 xR-70 | 59,7 1.8 27 P R0 %% 28 20 27
2 pFr o ea] 1427) aass 1, g 1,51 "Lt on -.,?f 6 A 36 %A
20 nFc an 1a-3] £~104 | 21,4 1,2 w3 o 1,66l r 2a e
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TABLE A-9

MISSION LOG - EDWARDS PHASE II (Continued)

pATT  fven | azc |ALT [vacki€BE | pneinETo ke ma T

Ny A B , KFT | op | Trer LeET Ny e e ze
| | MeL fsPD (LDEZ) L/°,v g _

13 AN 70 15-1 1 xR=70 [60.6[1.8 248l © 9.5 "1l 1o £3 29
13 JAN &7\ 18=2 | R=58 | 39,%]1,6°F 252 12 17 L 40
13 JAN 67| 15=2 , F=104 [2042] 1,4 29 B Nyl 1l 1A 27 a0
17 JAM 87| 16-1 | R=RR 3Q,7{ 1465 207 P 40| MV 18 1k °Y
17 JAN A7} 16=2 1 X2=Tn | 59,7] 1.8 245 ® 3,7 17 12 1=z eo
17 JAN &7| 14=3  E£-104 | 204h] 1ot 250 P Sen| 717 19 41 °7
31 OCT 46| 171, F=104 | 3142 1.6 2820 B Ter} 374 16 2~ 14
2] OCT 66| 17=2 R=58 | 48,6} 1461 268 R hen| 274 16 4 "7
21 OCT 86 18=1. B-58 | 47,3 1.64 2500 L les| 274 17 57 07
31 OCT #&f 18=2 F-104 [31.0{ 1.%, 267 R 1.2 2r4 16 ¢ 27
21 OCT &4 19=1| F-104 {30.5] 1461, 250 R Son[ 274 17 =0 23
31 OCT &6 19~2, 8-88 | 38,9 1,43 264 L 142 278 1R 2 By
21 OCT 66 20-1 B-58 |43,9 1,52 25 P 244) 274 1% 70 71
31 OCT €6 20-2; F=104 | 3140 1465 249 154 15 90 »

8 NOV &8| 21-1| B-58 |47.6[ 1440 26 L 142) 212) 16 27 2+

8 NOV k6] 21-2] wC1358 1.76 !

8 NOV 66| 22-1| B=58 | 47,5| 1465 263 | 2,n| 312016 52 12
8 NOV 66| 22-2| wC135B| 349} 250 | 1.76] &8 !

8 NOV 66| 23-1| R=58 | 47,8| 1,65 266| ® 1,4]317] 17 1¢ 5]

g NOV 66) 23=2 | wC138B| 2.3} 235 | 1.76| &2 :

g MOV 66| 26=1| R=58 |47,7| 1465 250 B 2,2 219 17 4n ar
8 NOV 66| 26-2| wC135R| S.4| 230 [1.78] 73~ 1) |

& NOV 66| 25-1| R-68 | 46,8| 1,65 2670 2 1,n]{312] 19 1> ea

8 NOV 66] 25-2 | wC125Bl 3.9 215 | 1.7 78( R 1 l

8 NOV 66| 26-1 8-58 | 4749 1450 244 212|198 11 4]
8 MOV 6] 26~2 | wC135R| 3.2] 222 [1.76] 77 :

8 MOV 66| 27-1| wC135R] 2,11 245 {1.76] 72 |

8 NOV €6] 27=2 | 8-82 | 47441 1,65 2671 P W7[212] 18 20 07
8 NOV 66| 28=11 wC135B| 2,9| 2% [1,76{ S59/R .1 |

8 NOV &6/ 28-2 | R-GR |49,0! 1,6 248) © 44171218 27 &g
8 NOV 66[ 29~1| wC1258| S43{ 230 |1.76| 65/ R 1

8 NOV 46| 29-2| 9-58 47,4 1,65 269l P 2,1(212( 10 E4 24
8 NCV 46} 20-1] wc1280) a,1) 24% [1.,76] &=

g NOV &8} 29-21 acse  [47.¢| 1,48 254; % 4,7 1212[19 17 4]
8 oV £4f 21=1] worasp 2.9 228 1,76 s*

2 NOV A6l 21-2] 5-58 | 4T.0 1450 264 L 143|312/ 19 52 41

8 Mov 66 22-1) wc13sR| €,.9] 235 [1.76] T L 1

8 NOV 661 22-21 B-t8 | 4B,.0! 1.6¢ 262l L 242]212] 27 20 44
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TABLE A-9

MISSION LOG - EDWARDS PHASE II {Continued)
DATE MSN | AsC | ALT warw PP | HDPG OFF4 o0fd ROOM TME

ny MO YH KFT| 0P | TXFF 1 SET! DYl HR ¥y sC
. Mst| sPp oGy L /R, ULy

16 MY 81331 TBaRR 1 36,7 1467 | 2410 Se5 320 [16 3p 18
16 NV 66 |27-2 \w71382] 2,21 240 |1.76 ' 960 |L 0.4 229 |16 31 42
16 NOV 66 [?6=1 [R=58 [36,0]1.65% izao L 427 370 16 828 17
16 MOV 66 [36=2 | WC1252] 4,4) 236 [l«76 ; 67 |L 0.8 320 {16 59 33
16 MOV 66 |35=1 | B=5° 28,411,563 24T IR 1.5 320 17 18 137
16 NOV 66 |135-2 | WC135B) 4,.4| 238 1,76 | 066 |L 042 320 17 19 59
16 NOV A6 [2A~1 'Ras8 136,211,664 24% 320 H7 45 38
16 MOV 66 {36-2 [ wC1358] 3,2 230 1,74 | nss 320 17 47 10
16 NOV €6 |27-1 |R=588 |3g,0|1.6% 248 7 2,1 320 118 09 s&
16 NOV 66 137-2 1 WCI35B 2,1 260 {176 | N2 320 118 o8 15
16 NOV 66 |38-1 1 B~58 ;35,911.64 239 iL 8.9} 320 {18 31 39
16 NOV 66 [78=2 | wC135B] 4e4| 244 1,76 {072 |L 0.2| 320 18 3p S4
16 NOV 44 [30-] [R-88 135 _711,6% 244 I 0,71320 18 51 56
16 NOV 66 [39-2 | WC135B| 4,3| 256 {1.76 | 083 |L 047] 320 18 49 30
16 MOV 66 j40-1 |B=58 136.2]|1.6% 248 |R 242] 320 19 01 57
16 NOV &6 |40-2 | WC135B| 3.1| 240 {1.76 | 072 | 0.3} 320 f18 59 22
7 NOV 66 K1-1 IB~-58 36,311,565 247 R 3.5{321 I8 16 40
T NOV 66 B1-2 [WC13581 4,31 257 11,76 1077 321 8 17 37 |
1 NOV 66 |62-1 | B-58 | 282 o d._. 1325 1o 0p 11
1 NOV &6 K2=2 [ WC138R] 3,00 262 {1.76 [ CE63 L 1.217325 19 0) 13
71 NOvV 66 {63-1 | WC135B] 12,1 1476 | 065 1L 0.6] 325 |12 19 48
1 NOV 66 i63=-2 | B-58 [35,911,65 245 J1 2,91325 119 23 53
1 NOV 66}6&-1 WC13SRE 4,3 176 | 082 JL 0471325 19 35 47
1 MOV 66 jah=2 | R=8R [36,.4] 1,65 250 i1 3.5 32% {19 31 S@
1 NOV 66 §45-1 | B-58 [36,0]1,.,63 246 -1 325319 56 19 ]
1 NOV &8 I45=2 | WCI35B] 64,3 280 (1.76 1 077 1L 1.3]325 119 55 12
>1 NOV 8% l66~1 | A-8Rr |15,0]1,55 24561 1.6]325 20 37 14
1 MOV 66 j46=~7 | WC125R] 2,0 1276 | D65 L N43] 325 20 37 8%
1 NOV 66 {67~1 1 wC13%B] 2.1 1474 | 074 {L 0e6] 325 21 0On 26
71 NOV £6& [67=2 | R=5R {35,8]1,62 P45 11 2.5]325 21 n2 53
1 NOV 66 [68-1 | wC13%B| 4,2] 250[1.76 | 083 |L 2.8} 325 21 13 92
1 NPy &4 140a2 | o.gp 36,011,65 247 0L nab P8R P 15 A1
5 NOV 46 [69=1 | WCLIABR| 2,R|240 11476 1 A3 1L 0471319 18 13 28
S MOV &5 9~ | Fo10b 114,811,158 245 iR A3 119 fiF 21 17
5 NOV 66 150=1 | WCI3SR] 23,3]2317 j1.7¢ ] &8 [L 041]719 IR 31 46
5 NOY 66 150~2 | F-104 16441472 245 1L 0,61 319 {18 34 48
279 NOV 46 151-1 ] WC1358| 2,71 25511.,76! 77 233 {16 32 1%
20 NNY 86 [R1-2 | F-104 | 18.6] 17D L P46 1R 4,0]1333 |16 34 06
4 NEC RA IR | Fal04 [17.0] 1.20 L8P AP %40 {17 24 17
6 NEC 66 [=n= fyryaral o070 270(1,72 valp 1,70 340 17 24 s
6 nec esfeany Leotnn 117,1] 1,20 C26R 3,120 17 44 22
& DFC &p IR | o 12Rp T4 255 71,74 ?4'L I‘n.}g‘ﬁ 17 &= 11
7 NFC 66 [fa-1 | Fa1nu | 18er] ten Pua L Q4P 34117 1g 1e
7 DSC £6 JRAs2 jwr1te] 2,9 28511475 k2L 2,7 34) 17 12 M
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TABLE A-9

MISSION LOG - EDWARDS PHASE II (Continued)

DATE MSN A/C | ALT [MACH[FPP | HDQ@ OFF= [ORS| RONM TME)
Y MO YR KET NP | TKFF ¢FT DY | HP MM o
MsL | SPD JLDG) L/R sk putv |

21 DFC 66[55=-1] F=104 [ 1549|143 24941 1,9[285] 16 22 20"
21 DEC 66|55-21 wC13sR] 2.7 290]|1.,76! 6" 358| 16 35 ag’
9 DEC 66|56~1] F~104 | 1645] 1,28 246 R 2421543] 18 29 42
9 DFC 66|56-2 | WC1358 7 343| 18 3¢ 31
9 DEC 66|57-1] F=104 | 1640|1429 2600 R 0.81343] 18 37 54
9 DEC 66|57-2 | WC135B] 245| 265|1.,76] _ 71| L 0.2|343] 18 39 4¢
20 DFC 66)58-11 WC125B] 245 315(176] 73 R 0e2[354] 17 4n 24°
20 DFC 46|58=-2| F-104 | 16.8]1,.72 246] P10.8[354] 17 41 58
20 DEC 66|59-1] WC135R] 2,4 l1e76] 74 354| 17 50 2¢
20 DEC 66]|59-2 | F=1064 | 16.6] 1,34 247 R 8.01354] 17 850 17
21 DEC 66]60-1] WC135B] 2.8] 280}1.78] 68 L .1]355 16 20 49
21 DEC 66160~-21 F-104 | 17.111.28 2450 L 28[355] 16 22 31]
15 NOV 66[61-1| F-104 |2946]1465 247| R 3.1]319/16 55 19
15 NOV 66|61-2 | WC135B] 3.4]2642 [1.76] 61 L 0423(319]16 56 14
30 NOV 66[62-1| F-104 | 3043|1466 266]R 143 1334|116 27 50
0 NOV 66]62-2 ] WC135B| 4,2 1.76] 72| L «2(334]16 29 22
0 NOV 66|63~1] F=104 |29.6]1462 2642| L <9(334]18 32 57
0 NOV 66]|63-2 | WC135B| 6.6 1.76] 64/ L +6}334]18 34 22
9 NOV 66|64-1| WC135B] 6.5] 280 |1.76| 69 L 0.5[333| 16 58 31
9 NOV 66{64=~2| F~104 | 2944|1465 248 R 3.,0(333|16 59 48
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] 1460 264) L 0e1[340[17 30 17
6 DEC 66]66-1| wC1358| 3.4| 245 [1.76 AL 10 340]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] 1465 245 L 209361/ 17 00 26
7 DEC 66[67-2| wC1358] 3.2 1476 70/ L 1.8{341|17 02 52
1 DEC 66]68<1| F-104 | 29,7| 1,64 2491 R 5,1]355| 16 44 18
1 DEC 66]|68~2 | WC135B| 4e0| 275 1476, T2 R 2355|116 46 12
9 DEC 66[69~1| F~104 | 29+6]| 1467 266| R 1.2[343| 16 %8 08
9 DEC 66)|69-2| WC135B| 642 1476] 70| L 049|343} 17 00 0%
0 DEC 66|70-1| WC1358| 64| 210 |1,76] T R 0.6)|354] 16 4g 56
0 DEC 66]70=2 | F~104 | 29.8| 1.65 246 354| 16 40 13
0 DEC 66[71-1{ WC135B| 4.4| 285 |1.76] 74| R 0.2(354|17 02 08
0 DEC 66|71=2 | F=104 | 3046/ 148 244] L 0s1]354| 17 03 53
0 DEC 66|72-1| WwC1358| 4.5 270 |1.,76{ 75 354| 17 11 26
0 DEC 66|72~2| F=104 | 3443| 1442 245[ R 541[354[ 17 15 45
0 NOV 66| 73-1| F~104 | 5041] 1451 248| R 243[334| 17 16 24
Eo MOV 66| 73-2 | WC135B8] 4e2] 265 [1.76] 68 334| 17 17 %6
15 NOV 66| 74=11 F-104 | 50.5{ 145 267 R 4.2!319| 16 27 48
N5 NOV 66| 74-2 | wC135B| 644] 224 |1e64] 70l L 0.9}319] 16 29 49
Fo NOV 66| 75=1| F=104 [4546] 145 2646l R +91334[18 41 52
30 _NOV 66175-2 | WwC1358| 11.2 1476 66/ L o8[344] 18 42 37

A-19




TABLE A-9

MISSION LOG - EDWARDS PHASE II (Continucd)
DATE MSN A7C | ALT (MACH|FPP | HDG AFF< ' (1Rg Ry TWF
Dy MO YR KFT OR | TKFF SEY DY | 4R Mm S(
MSL 1 SPD JLDG) L/RsX ZULY

29 NOV 6o] 76-1 [ WC135B]10.6 1.76 TEIL 20232118 72 22
29 NCV 66| 76-2 | F-104 |5044 1452 245|R 049]223]18 26 12
20 NOV A&]T77-=1 | wOI138R] b4 1.7% a3j7 r,11222|18 20 4>
20 NGV 54] 77=2 [ F=104 j4R.R|1,%1 244 L o6} 223|1R 22 17
7 DEC €61 78-1 I wCI3%8] 4e1] 295|176 | 69L 141341116 29 11
7 NEC 66| 78=2 | F~104 [50.011.5 26617 1,3} 341116 71 no
7 DEC 661 79=1 [ F-104 [T048 1.5 2481 R 1481234116 45 272
7 DEC 66]79-2 | WC1358, 442| 290 {1,758 | 62]L 1.2]361}16 46 2°
21 DEC 88]80=1 {F~104 [£2,711.F 24410 G2 ERI14 B 37
21 DEC 6K} 80-2 | #7135R] 6.7 302 {1.7¢6 TOLL #°f2R51 18 54 17
21 DEC 46[B1-1 | F-104 [69.411.%1 P4RIR GO 2RRI1T N4 14
21 DEC %6{81-2 | wC1358]{10.4] 276 {le76 5811 b1 38%117 0% 8F
9 DEC 66]82~1 JwC135R[10.73| 245 {1+7> 71IR 1421343}16 38 25
9 DEC 65{82-2 | F-104 |50+5(1e5 2451 R 3.0 363116 77 3N
20 DEC 66]83-1 | WC1358] 6.5 le76 73R 042] 354] 16 50 an
70 DEC 66} 33-2 | F-106 [50.2 1.5 245] R 1,91 354] 16 53 4°F
21 DEC 6] 84=1 | wl135R] 443 1.78 69 L 2] 3BF] 16 £ BR
21 DFC 58] R4=2 | F-104 {4945 1456 2471 R 3,2} %85 16 (4 14
16 KNOv 48] 85~1 | B=58 36401463 248] R ,4] 320119 24 B
16 NCV 65| 85-2 | wC12%B] 3,11 258 |1.76 | 075 | "2} 327119 24 "2
16 NOV 68) B&-1 | B=58 el jlebl 251 R 3,7} 22719 44 22
16 NOV A6 84=2 | RCIIFR] 3,1 176§ 270 177119 47 1}
17 NOV 661 87-1 | BE=57 3hehjlekS 2441 R 251121 17 e 29
17 NOv 66 872 | wC12°R| 242 240 {1476 | 767 L D51 221} 17 2n 232
17 &0V A5] 88-1 | R-53 2L, 11460 2641 R R RPIP1LLT SF 10
17 NOV 66] AR=2 | wT135B] 3.1 1.76 1 0721 L 0.5 3211 17 %6 27
& JAN 67013-1 | B-"8 39,11 1465, 2661 L o7 "06l 21 T4 47
6 JAK 67122 | x8=70 | 6043]14R | 267 L o1 204 71 a8 =2
& JAE BTR172=-1 ] F=1D4 [ 70,5 1at | 2661 % 1,21 706] 71 2% 44
2 DEC f#AR1T-1 4 F-108 | Bk, 1465 PEL & .0 6] 17 4R 1R
2 DEC e i7-d | w-re Jas,plgks! saal L 1.7 226 17 er 26
2 CFC A8Q1a-1 [ 3-er  jap,Ti 4% | PeT R 247 22 18 22 22
T SN LT YRR IVOST FOPEY B IR SRS T L B R LIRS
+ At gp1ln-1) Fo10n | ] 1est] i 264 L 5.7 2] 19 20 10
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TABLE A-9

MISSION LOG - EDWARDS PHASE II (Continued)
naTe J-”‘-N asc |aLT |macd]epe | und nre- oo eoor Twe]
ny MO Y KFT nn | T¥YFF CFT fy | oun e g
MSL | SPD LDGY [P a¥ ZULY
§ NOV A6121-1| B=KE LT7e|1abb 2°0l P Teb |31 1% 4p 20
2 0y LE)121-7 1 WCI3ER| £42|260 | 1475 51 2 L1
5 DEC e6)l22-1] B=3° 42 45114565 244l B 2,2 242l 17 19 2°F
g8 550 66122-21 WCIRFR] 33,4270 | 1le76 T L nNe2 {24217 12 22
8 DTC &6123-1] B=58 474611651 249| L L£401342 17 22 1F
2 DEC 66[123-2 | WCI3SR| 2.7[255 (176 68| L De6 (342,17 25 24
8 NZC 66j124-1} -8 LR 421465 26641 L 0691742017 &0 ¢
& DEC ABj124=-21 WI135R] 4,21264 [1le76 590 L Ne? |24% 17 &1 27
B DFZ 56{125-1| R=-KE LB4?| 1465 L2 62l 19 04 16
8 DEC 66l125=-2| WC1358| 344|282 | 176 721 L 0.3 [342) 18 26 4"
8 DEC A6126-1| B~58 50e2]|1a65 2421 L 442|342 18 20 2@
8 DEC 66{126-2{ WC135B| 2.7|288 11.76 66| L D43 |242] 18 31 2%
8 DEC 66{127-1| WC13EB| 2.81264 | 1476 Tal L 0,2 |242] 18 41 42
2 DEC 54127-2| B=-58 49,40] 1455 [ 241 R 2,5 (247} 12 44 &°
g8 DEC 46[128-1] wC125%] 3,3[/278 | 176 67 L N2 342 19 72 11
8 DEC 66{128-2| B-58 41467168 244 342) 19 1n NA
8 DEC 66129-1] wC1358| 4,1]255 | 1«76 7 L 0.5[342119 22 2°
8 DEC 56129-2] 8-5% LRGB! 14465 244) R 06813421 19 24 47
£ °7TC 69170~1] WCIAGR| 2471282 | 17 721 L Neb [242] 10 37 2%
§ "FC &f123n-2| B-*FR 484411455 247 P 1,8 247 16 20 ~7
8 DEC 58l121-1] WC1238B | 3.,4)1268 | 1476 Tal L Cec[342] 10 B4 47
5 DEC 56131-2| P=-518 4845} 1,465 206 R 147342} 19 Sk 2°F
8 DEC 6a8l132~1] wC135R| 4.1]288 | 1.76 78l L N6 3421 27 1R 14
8 DEC AH132-2| BR~58 48,31 1465 241 L 64534621 20 1R 26
15 NOV AHI49-1] WI1238R] 22,0122 | 1476 6% L Ne”(31% 17 17 2°
15 NOV 6&150-1} wC135R] 541|226 | 1.76 670 L 043|319 18 nn 25
16 NCV 44161=2] WC135R| 23,8230 ] 176 67| L 0.5[31% 17 0% 4R
21 DEC #§172-1] wWC135B]| 343} 304 | 176 68 L 5355117 22 1%
?1 DFC A6l172-2] F-104 2940 1.6%1 265 R 6,6 )385] 17 22 18
15 NOV 28l174=2] wC135B| 53)232 | 1476 87 L Ne& 319 16 37 21
3 DEC 6&221-1] B-58 4742} 16t 266 R 3,9]342] 16 42 3%
3 DFC &R221-2| wWC135R; 4s1{268 | 176 70 L Ne3|342] 16 47 23
118 OV 6A2C9-11 WCIASB| 3,01234 ] 176 66 L 411319 17 24 17
'1= KOV 642650-1] wC126R A,RE207 1 1476 ¢ L Pe?{?19] 1B 2R 4
t1% NCV 6f261-2] WC1388} 2,81 230 | 1«76 6TL L 0.6{319117 1n 4#
C18 1OV ARXTA=-2] WwCIARR| B.3] 248 1.76 SABl L le1]31M7 16 4S5 14
15 NOV 66350-1] WC125B] S42] 247} 176 60| L 0a.8]313}18 29 23
16 A hAluen-] *(l"?i 2051252 | 1476 63 L Te1(317] 1P 46 22
Note: 31 SR-7]1 missions were flown in addition to the missions listed

above,
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TABLE A-10

INSTRUMENT LOCATION LOG

DATE [cHNL| HOUSE | INST TYPE LOCATION
Y MO YR INSTR '
15 NOV 66| 101 | 1 MAL | ACOUSTIC |CNTR LR SUSP 6 FT ABV FLR
15 NOV 66| 102, 1 MA2 | ACOUSTIC |CNTR FR-KIT SUSP 6 FT ABV FLR
15 NOV 66| 103 | 1 MA3 | ACOUSTIC |CNTR BR1 SUSP 6 FT ABV FLR
15 NOV 66 104 | 1 MA4 | ACOUSTIC |BR1 FRONT OF CLOSET MOVABLE
15 NOV 66| 105| 1 MAS | ACOUSTIC | FR-KIT FRONT OF RANGE MOVABLE
15 NOV 66] 106 | 1 A3 | LF ACCEL |CONC BLK FLR BR1 AXIS VERT
15 NOV 66 107 | 2 MAl | ACOUSTIC | BTWN LR AND DR SUSP 6 FT ABV FIR
15 NOV 66) 108 | 2 MAZ | ACOUSTIC | CNTR KIT SUSP 6 FT ABV FLR
15 NOV 66| 109 | 2 MA3 | ACOUSTIC | CNTR BR1 SUSP 6 FT ABV FLR
15 NOV 66| 110| 2 MA4 | ACOUSTIC | CNTR FR
15 NOV 66 111 | 2 MAS | ACOUSTIC | FR-KIT~DR KIT STOVE
15 NOV 66/ 112 | 2 MA6 | ACOUSTIC FR-KIT-DR,CR SUSP 6 FT ABV FLR NR CHINA CLOY
15 NOV 66, 113 | 1 MA7 | ACOUSTIC | OUTSIDE SUBJECT GROUP
15 NOV 66 114 IRIG B_TIME CODE AND VOICE

DATE |CHNL | HOUSE | INST TYPE LOCATION
Y XO YR INSIR
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 1 ML3 | PRESSURE | BR1 E WALL NEXT TO All
15 NOV 66| 205| 1 ML4 | PRESSURE FR-KIT CNTR CLG ATTIC SIDE
15 OV 66| 206 | 2 SG41| STRAIN | GARAGE WNDW 3RD FROM CNTR
15 NOV 66| 207 | 1 SG3 | STRAIN | GARAGE CNTR LARGE WINDOW
15 NOV 66! 208 | 2 SG42) STRAIN - GARAGE WNDW 2ND FROM CNTR
15 NOV 66, 209 { 2 NAS | ACOUSTIC | TRIGGER MIKE
15 NOV 66| 210 2 SG43 STRAIN | GARAGE WND¥ 1ST FROM CNTR
15 NOvV 66 211 : SPARE
15 NOV 66/ 212 | 2 SG44| STRAIN | GARAGE WNDW CENTER
15 NOV 66| 213 ! SPARE
13 NOV 66| 2141 LJRIG B TIME CODE AND VOICE

DATE  |CHNL | HOUSE | INST TYPE TION

* i
15 NOV 66| 301 | 2 Al |LF ACCEL | 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 CONC BLK AXIS VERT BETW KIT AND FR
15 NOV 66| 304 1 Al !LF ACCEL| LR FLR CONC BLK AXIS VERT
15 NOV 66| 305 1 A2 |LF ACCEL| FR-KIT FLR CONC BLK AXIS VERT
15 NOV 66| 306 : 2 ALP | HF ACCEL| FR FLR CONC BLK AXIS VERT
15 NOV 66| 307 2 A2P ! MF ACCEL| FR~KIT-DR MOVABLE KIT WNDW BETW KIT AND FR
15 NOV 66| 308 ' 2 ASP ‘' HF ACCEL | AIR COND DOOR
15 NOV 66| 309 2 AGP ! HF ACCEL FR~KIT-DR MOVABLE KIT CABNT DOOR ABV SINK

: LEFT

15 NOV 66| 310 2 ASP HF ACCEL| BRI CLOSET DOOR
15 NOV 66 311 2 ALOP HF ACCEL| KIT CABINET
15 NOV 66| 3i2 2 ALIP|HF ACCEL| FR-KIT-DR MOVABLE DR CNTR N WINDOW
15 Nov ssl M3 2 ,u:zq HF ACCEL| BR1 EAST WNDW
115 Nov 66! it B 1RIG B TIME CODF AND VOICE
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TABLE A-~10
INSTRUMENT LOCATION LOG (Continued)

DATE |CHNL | HOUSE | INST TYPE LOCATION
DY MO 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 | BR1 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 Al2| LF ACCEL { BRl N WALL MID HT CNTR STUD
15 NOV 66| 407 | 2 A8 | LF ACCLL | 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 [ BR1 ATTIC
15 NOV 66| 410 | 2 ML4 | PRESSURE | BR1 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

414 IRIG B TIME CODE AND VOICE

DATE |CHNL { HOUSE | INST TYPE LOCATION
DY MO INSTR
15 NOV 66| 501 | 3 AlH | LF ACCEL | TOP STEEL COL INTERIOR OF BLDG E-¥ RACKING
15 NOV 66| 502 | 3 A2H | LF ACCEL | TOP STEEL COL SOUTH SIDE E-¥ RACKING
15 NOV 66 | 5C3 | 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 RACKING
15 NOV 66 | 505 | 3 ASH | 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 M4 | PRESSURE | EXTERIOR ABV ROOF
15 _NOV 66 | 514 IRIG B TIME CODE

DATE [HNL | HOUSE | INST TYPE LOCATION

INSTR

1S NOV 66 | 601 | 2 MLC1] PRESSURE | EAST CORNER CRUCIFORM ARRAY
15 NOV 66 | 602 BLANK
1S NOV 66 | 603 | 2 MLC2| PRESSURE | NORTH CORNER CRUCIFORM ARRAY
15 NOV 66 | 604 BLANK :
1S NOV 66 | 605 | 2 MLC3| PRESSURE | YEST CORNER CRUCIFORM ARRAY
15 NOV 66 | 606 BLANK
15 NOV 86 |607 | 2 MLC4|PRESSURE | SOUTH CORNER CRUCIFORM ARRAY
15 NOV 66 {608 BLANK
18 NOV 66 {609 | 2 MLCS|PRESSURE | CENTER BOTTOM MAST CRUC ARRAY
15 NOV ¢6 810 BLANK
15 NOV 66 {611 ' 2 MLCS|PRESSURE | CENTER TOP MAST CRUCIFORM ARRAY
15 NOV 66 |612 ! YOICE
15 NOV 66 |613 ! 100 KC REFERENCE SIGNAL
15 NOV 66 |614 IRIG B TIME CODE
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TABLE A-1C
INSTRUMENT LOCATION LOG {Continued)

DATE CHNL| HOUSE | INST TYPE LOCATION

|RX MO 3R INSTR .

15 NOV 66| 801 | 2 ML15|PRESSURE {OUTSIDE CNTR HIGH ROOF N SIDE

15 NOV 66| 802 |, 2 ML16|PRESSURE jOUTSIDE CNTR HIGH ROOF S SIDE

15 NOV €6 ) 803 | 1 ML1 | PRESSURE OUTSIDE N WALL ABV PLATE

15 NOV 66 BO4 | 1 MLZ |PRESSURE |OUTSIDE E WALL

15 NOV 66 805 | 1 MLS j PRESSURE | OUTSIDE W WALL GARAGE AT PLATE LINE

15 NOV 66 806 | 1 Mi6 j 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 MLI8| PRESSURE ] OUTSIDE S WALL MIDDLE 2ND STORY ]

15 NOV €6 809 | 2 ML14| PRESSURE | OUTSIDE W WALL GARAGE ABV PLATE LINE

15 NOV 66 810 | 2 ML13! PRESSURE | OUTSIDE ¥ WALL ABOVE GARAGE ROOF

15 NOV 66 811 | 2 ML11] PRESSURE | OUTSIDE E WALL MIDDLE OF 2ND STORY

15 NOV 66| 812 | 2 ML12{ PRESSURE | OUTSIDE E WALL MIDDLE OF 1ST STORY
OUTSIDE DR

15 MOV 66 813 VOICE

15 NOV 66 | 814 IRIG B TIME CODE (CP-100 REVERSED IRIG
HEAD)
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The cruciform array analog tapes were digitized using the facilities
available at Edwards AFB. The analog to digital conversion (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-multiplexed 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 identificatiom in-
formation on the tape. A brief description of thc format of the digital
tapes is given in Appendix A-1l.

DIGITIZATION REQUIREMENTS
Structures E-1, E-2 and E-3

Tape Recorder Digitization Filter
Instrument Number Rate SPS Cutoff CPS
Low Frequency Accelerometers TR-2 8000
" " " TR-3 2000
” " " TR-‘ sm
" " K m_s sm
Righ " " TR-3 10000
loading Microphones TR-2 8000
" " TR-4 1600
" B TR-$ 8000
" " Chnls 801-807 . TR-5 8000
" " Chnls 808-812 TR-8 1600
Acoustic " ‘ TR-1 20000
Strain Gages TR-2 1600
Strain Gages TR=-> 1660
Displacemcnt Meters TR-4 1600
Cruciform Array
Loading Microphones TR-6 5000 1350

Note: For tape recorders 2, 4, 5, and 8 the time code (tape channcl 14)
is digitized as a dsta channel and the sampling rate is 800y sps,
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IV PSYCHOACOUSTIC TESTS

The [irst step in studying the effects of booms and subsonic air-
craft 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 werg 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 aireraft noise,

During Phase I, 173 subjects were selected from Edwards Air Force
Base and Lancaster, During Phase 1I, subjects were not used in the
Lancaster test house, Approximately 120 subjects were sclected for
Phase 11 from ecach 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 both Phascs,
the subjects were distributed inside and outside the test structures

at Edwards Air Force Base us follows:

F~1 Bedroom 8 subjects
E~1 Living Room 8 subjucts
E-1 Kitchen/Family Room 11 subjects

E~2 Bedruoom 10 subjects
E-2 Living Hoom 9 subjocts
E-2 Din:ng Hoom 6 subjects

E-Z2 Kitchen/Family Room 13 subjects
Outside 53 subjects

Tolal 120 subjects




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 who preferred the
first or the second of the pairs of sonic booms or boom and subsonic
aircraft noise, and the distributions of 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 subjcctive respohse 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 subjective 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 calculations 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 given on p, A-58 are being obtained for Phase Il data. The
poor time code on the tapes from Phase 1 lamits the number of computa-
tions which will be made from thut'Phusu. Finally, the structural re-
sponse data will be anulyzed and an atteapt made to explain, if possible,
what role thce housc structures and components in the houses had in pro-
ducing the acoustic and vibrational sagnals to which the subjects re-

sponded.




EDWARDS PHASE II DATA REDUCTION

BOOM NOISE
Inside Outside
Mic, Acc. | Mic, Acc.| Inside Outside
Peak PNdB, dB{A), dB(N), loudness X X X X
{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
Peak Acceleration X
LP X X
Energy Sgeetr& 0-50 cps X X
0-200 X b4
$=-1000 X X
20-1000 X X
20-200 X X

NOTE: {1) 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)

{c)

cruciform-array microphones (booms)

td} 8 low-frequency accelerometers (booms)

3
{b} 1 outdoor acoustic microphone (booms and noise)
]

indoor acoustic microphones {booms and noise)

{1} TIntepgrated Average means the accumulated values of smoothed

{averaged) samples,

{3} For boom-boom missions —s 44 records to be processed,

For boom-noise missiont-e3l records to be processed.
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_Annex A
Appendix A~1
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 aireraft 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 AFFIC Data Systems Com-
puting Center,

The operations plan specified the following tasks to schieve the

above-listed support:

1. Technical Support by BEdwards Air Force Base

Provide radar vectoring and control for all aircraft during sonic
poom 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 ufter the

20 mile point.

Provide countdown from three miles to test site.
Provide deceleration point and turn information to arrcraft,
Provide a record of the following information for ull supersonic

flights:
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1. Time of entry poant

W

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 unmit for installation in the instrumented

test s1te on south base,
Provide one timing van to supply base timing at the bowling ulley.
Provide a copy of unalog tape recorded at set site.

Provide analog-to-digital conversion for approximately 30 tapes.
Each tape will consist of information from as many as 12 sonic boom

tests,
The magnetlic tape will contaan the following information:

I. 8i1x channdls of wide band data (54 KC - 40%)
2. One channel IRIG B timing
3. One channvl of 100 KC reference f{requency

1. One track audio

The above data channels will be aigitized simultaneously and for-

matted as follows:

1. 300 samples/second/channel
2. Number of words per record - 920
d. Numbet ol bits per word - 24

L. Bt density - 556 B.P.1.

Proe- mid post=calabration information shall also iaclude digitiza-

tron an vonjunction aith the data,

Start «top tame for the calibration and data wiil dbe tdentaficd by

the requestoer (contractor),
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The programmer {contractor) will merge the digitiZzed tape with the
card information {control and test data) in the direct coupled computer

system (IBM 7081/44).
Computer output will consist ef:

1. tabular

2, three tapes of merged data {copies)
Provide 50 x5 still photos of instrumented ilest sites and subjects,

Prepare a ld~to 20-minute silent inhouse engineering briefing film

of Phase I1 of the lest program,
Prepare i Staif Film Report on Phase 11 of the test program,
Provide 10 vach 8x10 prints of the still photos {color).

Provide vertical aerial photo {colour) of the three test sites as

shown in Attachment 4. Area shown ix 2000° long by 600' wide.

Provide six each proportional color prinils of serial photos.

2. Flight Operations, Strategic Air Command (SAC) Mission

SAC will provide B-3B airceratt and associated tanker support for

the number of booms and overpressure required.

giigﬂ}ng ﬁs%J
] SAC B-38 support for XB-70 amireraft will stage {rom Edwards AFB to
provide back-up capability st the AFSC TB-58 aireraft as well as alford-
ing common briefiaog of all partscipataing atrerews. I back-up 1s une
necessary, SAC B-3B may be launched after XB-70 torce inr use in other
experiments as reguired. AL B-38 surtios supporting F-104 ana
WC-135B asrerafl may e Lanched {rom home base.

Point of supersonie overilight s 38-51-20N 117-54-30% on an an-
pound track nf 21537 mag  Asrcraft w1l decelerate 1o xubsonic speed
on reguext of SPORT CUNTROL, turning right for subsegquenl runs as

necexsary. Hacelrack patlern sill remain sithin bounds of Edsards SOA.

A maximum ol two B-58 sircraft will be in the racetrack psttern st

any Lime, B-5H aircrait will be spaced at opposite end< of the race-
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track pattern when two B-58's are needed to meet boom tines,

Planned boom time for first aircraft scheduled to cross overflight

point on sorties, not involving the XB-70, is 1630Z.

Plunned hoom times for XB-70 are 17452 and 18452 on double boom
sorties, and 1745Z on single boom sorties, Boom times for other air-

craft supporting the XB-70 will be provided,

Ten additionzl B-58 supersonic overflights will be required at
seismological sites in Arizona and Utah (5 booms each site) upon com-
pletion of the experiment at Edwards Air Force Buisc., 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 anv departure from straight-and-level at time of over-

tlight of designated point.

3. Flight Operations-Military Aircraft Command Mission

MAC will provide WC-135B fanjet subsonic overflights as required.

Planning Data

MAC WC-135B support will be generated to conduct low-level sub-
sonic averflights 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 fiown over spacially constructed instrumented

houses and subjects in conjunction with the XB-70, B-58, and F-104 booms.

Weekly flight schedules will be furnished Edwards Ceonter scheduling
by 1100 ecach Wednesday, Daily confirming {light schedules will be fur-

n1shed by 1100 on the day preceding that schedule.

XB-70 (1ights will take prierity over all other desited data,
Coordanation ot both weekly and daily schedules will be effected by
Edwards AFB Center Schedulaing with project personnel ot the 9th Weather
Squadron. Deviations from schedule will occur only as dictated by

XH-7 status,
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WC-135B aircruft will fly @ right-hand racetrack pattern with an
inbound heading of 065 degrees over the test site. Space positioning
will orbit WC-135B aiveraft in the vicinity of Rosamond, California, to
establish timing,

All overflights will be conducted at tukeoff power setting ot 1.76
EPH. Aidrcraft will be sluw-ilown on inbound heading to approximately
60 seconds from over site, Aircraft at this time will be configured to
enable minimum speed at takeoff{ power, ~maintaining 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 COXTROL,

ALTITUDE ABOVE SITE EPR  PNdB
8000° . 176 85
4000’ 1.76 95
2800" 1.76 100
200" 1,76 105
1800 1.76 106
1400* 176 1o
1000° 1.76 113

700" 1.76 17
500" 1,76 e
400° 1.76 121
250" 1.76 128
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Appendix A-2
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 of{ over weekends only.

2. All instrumentation channels were calibrated prior to and im-
mediately after each day's run. Calibration commenced at 0600 nn 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 vatues 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 }# dB.

4. Balance Dynsgage for “zero output.”

$. Install the proper andaptor on the driver unit of the model
PC~125 calibrstor.

6, Check the bottery condition of the PC~123 by turning the
function control to “But. Check.” 1f the metcr reads below the line
marked "Bat. Chock,” rechaiyye the batteries for 2 minimum of 12 hours.

1f 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. NOTE: After system calibration is on tape, do not

retune Dynagage.

10. When flight settings ars 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 rebalunce system after the command “Recorders On" is

given.

13. Only one variable will be used to obtain the desired SPL, if
pussible,

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. 1If 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 jitself is indicated.

Accelerometer Calibration

1. Set accelerometer voltage at ":28 volts dc.”

2. Set accelerometer amplifier voltage at ':15 volts dc.”

3. Check output voltage shen 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 inspection calibrate on the sensitivity range

se¢lected tor the day’s flight, using table below as a gutide:
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Accelerometer External Calibrate

Sensitivity Box
0,05 ¢ 8 micro amps
0.1 g 16 micro amps
0.2 g | 20 micro amps
6.5 g 20 micro amps
1.0 ¢ 20 micro amps

Current Insertion Calibrating Prcze? re:

L= A

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 "zern.")

3. Check calibrate voltages on “dummy bridge” pesition.

4., If calibrste voltage varies more than 20-millivolts from or-
iginal calibration, call to attention of project engineer.

5. Switch fo "active gage” position and Zero active bridge.

6. Check calibrate voltages with digital voltmeter., (Record on

data sheet.) Hecord calibrate signal on tape recorder.

Bruel and K}éer Microphone Calibration

1. Set Burr Brown Amplifier {Model 9860) at 100 dB.
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2, 1Install the proper adapter on the driver unit of Model PC-125

calibrator (Photocon unit),

3., Check the battery condition of the PC-i25 by turning the func-
tion control to "Bat. Check.” If the meter reads below the line marked
"Bat. Check', recharge the batteries 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
(:10%) reading on the oscilloscope, (Note: If scope indicates greater
than +10%, 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 ecach 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: 1! dials indicate 117 dB, the 1.5 volt p-p
signal of step 5 above equuls 117 dB. 1If dials indicate 83 dB, 1.5
p~p = 83 dB.)

High Frequency Acceletometer Calibration

1. Set oscillator to 1000 Hz (cps).

2, Plug oscillator into "oscillator” terminal on Datacrsft cali-

pration pancl.

3. Plug ~cope into "monitor” terminal on Datacraft calibration

panel.

4. Set xelector switch on Datacraft pasnel to proper channel

and set toggle switch to “input.”




5, Adjust amplitude control on oscillator until proper mv/g

ievel 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 cnlibration panel to "output.” Adjust
gain control on that panel until outputl reads 2.0 volts p-p on the
scope,

7. Repeat for other channels, turning selector switch to proper

channel =ach time,
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WEATHER STUDIES

ESSA conducted studies concerned with the effects on sonic boom
propagation of waves on low-level temperature inversions and with the
influence of low-level turbulence on boom characteristies using boom
signature measurements from the microphone arrays at E-2 (cruciform},
Site 9, and Site 5 {Bo00-f1 linear array) {Figs. 2 and 3), anog soundings
of temperature, humidity, and wind to a1t least 10,000 {t above the
operating altitudes of aircraft producing the test sonic booms., One
sounding releaée at abuut U700 LST and a second at about 1100 LST were

calculated to provide the dala nceded.

ESSA also collected meteovological data from an instrumented, light-
weight "pop-up” tower about B5 ft in height located near the center of
the Site 8 array. Temperature, total wind vector {(expressed in terms
of the three components), and fluctuations of these elements were re-
corded at 10 ft and 83 ft above ground. Data were recorded on 14~
channel tape rocorders from which spectral analyses of temperature
and wind gustiness were performed over a {requency 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 aireraft made concurrent meteorological
measurements in the vicinity of anv existing low-level {up to 10,000 £t
MSL) temperature inversions during the sonic boom missions, During the
early part of the test program, a C-131IB aireratt associsted with the
LO-LOCAT project was used when available, shile a chartered light plane
{Cessna 150} was f{lown as soon as suitable instrumentation became availe
able in Decomber, Tables A-4-2 and A<3=l list the dates and times of
the missions flown by the C-131B and the Cessna 150, respectively.

Fignre A=J=-1 shows the flight track tollosed by the latier an relation

to the general test area, The C-1418 data was taken over the vicinity
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of the southeastern position of Rogers Dry Lake,

Approximately one hour prior to ecach 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, which

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 lLists 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 Rawinsnonde Section for general use by all

participants,
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Table A-3-1

ESSA METEOROLOGICAL TOWER OPERATIONS
PHASE 11-EDWARDS AIR FORCE BASE

DATE PERIODS OF DATA COLLECTION (IST)
Nov, 16, 1966 0820-1230
AN | A ' 0934-1230
3 | " ' 0815~1330
"2 " 1030-1430
*o23 " 0530-0630, 0836-0935
* 2 0935-1015, 1245-1515
"ooan " 9750-1000, 1230-1330
Dec. 1 " 0800-0930, 1239-1430
2 " 0830-1045
" g " 0800-1320
" g " 01845-1045
A - 0838-1130, 1439-1600
S U 0719-0824, 1115-1523
* 38 " 0800-0848
*o20 " 0B45-1000, 1100-1210
RS S 0700-1115
Jan. 4, 1967 0926-1030, 1208-1421
" g " 1010-1330
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Table A-3-2

C-131B AIRCRAFT OPERATIONS
PHASE 1I-EDWARDS AIR FORCE BASE

DATE PERIODS OF DATA COLLECTION (LST)
Nov, 4, 1966 *0900~0920
"vo28 " *(0515-0935, 1315-1335
" o29 " 1058-1114
" 3 " 0915-0930
Dec. 1 " *0915-0931, 1320-1336
R " 1110-1130
" 16 " 0859-0908

* BOOU ft linear microphone array in operaticn
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Nov. 4,

8

9
10
14
15
16
17
18
21
22
23
28
29
30

Table A-3-4

LOG OF LOW-LEVEL, SLOW-ASCENT TEMPERATURE SOUNDINGS
TAKEN BY EAFB WEATHER DETACHMENT
PHASE 1I-EDWARDS AIR FORCE BASE

1966

"

1545,
1813
1900
1830,
1608,
1755
1810
1650,
1700,
1800
1850
1947
1600,
1730,
2355

2100

2200
2110

2207
2000

1805(?)
2131

Dec. 1, 1966 1600, 1945
"2 " 1830
"o " ?

"6 " 1600
"7 " 1830
"9 " 1730
"o12 " 1€30, 2130
"o " 1545, 2200
"4 " 1545
"1 0" 1520
16 " 1400
S ¢ " 1630
"o20 " 1535
"o21 " 1600

Jan, 4, 1967 1630, 1845
* 5 " 2000
R " 1715, 1950
"9 " 1815, 2100
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1. Procedures for Handlinyg Damage Complaints

a. All complaints were received by the Edwards Air Force Base In-
formation Office. The Information Cffice maintained statistics on all
complaints received. Ali complaints in vhich 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 marning 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 yualified engineers in in-

vestigating damage complaints. All damage complaints were investigated,

e, Air Force Logisticx Command Form 666 was utilized in investiga-
ting glass, bric-s-brac, etc,, damage complaints. Air Force Logistics

Command Form 667 was utilized in investigating plaster and structural
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damage complaints, The investigating engineer took photographs depict~
itng the damage and provided diagrams of the damaged areas on Air Foree

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 Hequirements and Scheduling Section,

g. All 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 21 hours by the Claims Officer and a veterinarian,

2, Procedures for Handling Claims

4. A specific block of claims pumbers was assigned to Edwards Air
Force Base so that claims generated by this exercise could be readily

tdentified,

b, Upen receipt «f g claim, Air Force Form 176 was prepared, and
the claim was assigned o claim number,

¢. Claims resulting from this program were processed through nor-
mal claims channels, The Staff Judge Advocate, Air Porce Flight Test
Center, took final action on all clawmms filed for $500.00 or less. The
Statf Judge Advocate, Sacramento Air Materiel Area, took final action on
all claims filed tor amounis between $5300.00 and $1,000.00. Headquarters,
United States Air Force, took action on all cloims filed for $1,000.00
af moere {such claims will be forsarded through Air Foree Logistics

Command) .

d. All cases fnvolving personal injury sere to be evaluated by a

medical doctor before final action wax taken,

v, AL vases anvoelvay ingury fo ammals were to be investigated

amt evaluatdéd Iy o vetermarian belore Hinal action is taken,

1. Clain~ sers finaltsed shen the Clarss Olttcer had all the nec-
veeafy docutaentatren tror the vlammant and the report ol 1avestigation

ag- cunblete,
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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.
1. Funding

Claims were paid out of Air Force funds initially. Standard Form
1031 was annotated to show that payment was made for "Claim paid during
the Edwards AFB-National Sonic Boom Evaluation 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 Furms
1034 showing that payments had been made by the Department of the Air

Force.

5. Regorts

@, The Staff Judge Advocate, Air Force Flight Test Center, prepared
a weekly report to Headguarters, United States Air Force (AFJALD), with
information copies to Headquarters, Air Force Logistics Commoand (MCJMA)
and Sacramento Air Materiel Area (JA). The weekly report was furnished

through January 1967, Thercafter, repovts were submitted monthly,

b. The Staff Judge Advoca.:, Sacramento Air Materiel Area prepared
a weekly report to Hoadquarters, United States Alr Furce (AFJALD), with

tnfurmation copires to Headgquarters, Air Force Logistics Command (MCIMA)
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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 Cificer, Air Force Flight Test Center maintained
liatson 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 1867,
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PUBLIC INFORMATION

Puhrlie 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 subseqguent

public informatien releasecs were only made in coordination with that
office.

2. Proposecd 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 NSBEﬁ 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
586641 or Oxford 39665).

- Best Availabje Copy
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Annex B

| PSYCHOLOGICAL EXPERIMENTS ON SONIC BOOMS
1 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 thé higher frequencies due to the abruptness with which the
the wavefront goes Iromvambient to peak positive pressure aﬁd 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—sallfornia Company in the U.S.,A. It has been fqund in thesc
studies26 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

sReferences 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 ¢f the sonic boom it is possible that the sonic boom and
L
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

1

their usual response and make the house "rattle,” "creak,” etc. 1In 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 sa-calied paired-comparison psychological tests in which lis-
teners are asked to express their preference for one of two sounds pre-
sented within a brief period of time,l’3:6+7:8,10,14,16-18,20-25 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 cf)diiferent types of sonic booms is the question of how accept-
able these sonic booms will be to pecple when the booms are Jjudged in terms
of their ac.optability under everyday living conditions and as a part of
commercial aviation., DPoired-comparison tests can‘alsa serve as a means
of indirectly determining how pcople might accept and what they might do

aboul sonic booms of various sorts when heard in their homes and when the

B-10 Best‘Avaiiab!e Copy




booms were generated by commercial supersonic aircraft, This can be done
by having one of the sounds in the puir be a sonic boom and the other be
a sound from commercizl aircraft for which we know the negative and posi-

tive values neople 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 differ, require some validation
before they can be accepted with confidence. Fortunately, in the present
cease this has been done to some extent for the sonic boom (studies at
Oklahona City4 and Francéu), and particularly for the noise from commer-

9.12,16
cial aircraft near busy metropolitun airports. ’

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 Basc:

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 of 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 saime type of aircratt but flown under different

operational conditions




4. An attitude survey ol the acceptability ‘of the sonic booms
to residents in s militery community habitually exposed to

sontc hooms,

11 PROCEDURES FOR PSYCHOLOGICAL TESTS

Subjects selected from residents of the communities of Edwards Air
¥orce Base, Fontana, and Redlands, California, were assigned to the
various ;a&asr* aaﬁ‘satdaur test sites at Edwards Air Force Base (see
Table 1). The antructies‘shcets and snswer sheets were discussed with
the subjects by the test monitors. One monitor was provided for about

20 subjects 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 asll the paired-comparison

tests is given in Appendix A,

The subjects’ main task was 1o indicate on an answer sheet which
sound of edach pair was the more acceptable if heard in or near their
homes. They also were required (o rate on a 13-point scele the accept-
ability of cach of the sonic booms or sounds heard on certain deys, 4
set of the instructions to the subjects and the answer sheei are in Ap-

pendix B.

Approximitely one minute before the first sound of each pair, the
subjects were advised that u sound would soon occur. The subjects were
allowed to chat among themselves, knit, read, etce.. but were admonished
not to discuss thuell answers nor were they permitted to engage in toud

conversation during the presentation of a pair of sounds. The subjects

#The test houses at Edwards designated as E-1," and "E-2" were centrully

sir-conditioned and. excepl tor one of the rooms. the door of which was
Rept ciosed. the wimboss amd exterior doors of the house were closed dur-
tng 411 the tests,  The masonry “block house” used for some of the tests
was not air-vonditioned. but the windows snd goors were Kept closed,

B-i2




Table 1

BIOGRAPHICAL DATA FOR THREE GROUPS:

EDWARDS, FONTANA, REDLANDS

Sex and Marital Status

Single Male
Married Male
Total Male

Single Female
Married Female

Total Female

Male Occupations

Air Force
Retired
Other

Female Occupations

Housewife
Retired
Other

Average Age (years)
Male

Female
Total

Education {Ave. yrs. Completed)

Male
Female
Total

Total Biography Cards

Edwards Fontana Redlands
1% 4% 12%
123 213 28%
13% 25% 40%
3% 4% 7%
8% 1% 53%
87% 75% 60%
79% 1% 0%
16% 25% 46%
5% 1% 54%
94% 92% 75%
1% 0% 11%
5% 8% 14%
36.9 44.0 50.8
33.7 38.7 49.¢
34.2 40.0 49.8
12.3 13.1 13.2
11.8 11.9 13.1°
11.8 12,2 13.1

142 98 153
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were paid $1.50 per hour and sppeared 10 be highly motivated and inter-
ested in the tests, The test results indicate that the subjects were at-

tentive 2nd reliable,

In addition to the test subjects, dats were obtained from 50 percent
of the residences at Edwards Air Force Base regarding their racings 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.

II1  RESULTS

A, Boom vs. Subsonic Noise

Figure 1 shows a plot of typical results 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 scceptability to the other sound in Fig. 1 {the sonic boom from
the B-58 at a nominal peak overpressure of elther 1.68 or 2.65 psf) was
taken as the point 2t which the sounds are egually acceptable to the sub-
jects. Table 2 gives the intensity, in PNdB, required for the noise from
the subsonic jet sircraft to be judged equal ir acceptability to the sonic
pooms; 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 E).

The vertical lines drawn through each deta point on Figures 1
through 5 represent th 80 percent probability ranges for the data
points; the ranges are b;sed on the number of subjects involved and the
percentage value of each ;aint,s The plotted geint:'regnsent the aver-
age percent of the sﬁb_}ecu who preferred the boom on esch of two boom

¥s. noisc and two noisc vs, boom peirs,

It i3 to be noticed that some of the data points obtained with the
Fontana ind Redlands subjects snd 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
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hstenmg outdours to XB-70 tests) it wi#s necessary to extrapolate o
curve beyond @ data point for the curve to cross the 50-percent line from
the ordinate,

In the case of the Fontana subjects, the reason i1or this problem was
that the intensity levels of the noises to be judged against the sonic
bvom from the B-58 were planned on the basis of some of the results ab--
tatned with the Edwards subjects. As it turned out, the Fontana subjects
found the boom so much more unacceptable, relutive to the sircraft noisé.

than had the Edwards subjects that the data points for the indoor lis-

“teners wére somewhat lower than desired. Until all the physical data are

available for the sonic booms, it is not possible to deduce whether the
irregulority of the data for the Redlands outdcor listeners is due io
snconsistencies irn the subjects for some of the tests Oor due to devi-~

ations of booms {ron planned, nominal intensities.

The number of flights availahle 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 1ircraft. Accordingly, the XB-70 was opersted to pro-
vide four booms at an intensity {nominal 1.36 psf) that wac estimated, on
the tasis of the other judgment tests, to be about 83 equally acceptable
when heard indoors as the noirfe from the subsonic aircraft at about
110 P.\'dB.' The extrapolation required of the dats for the outdoor lis-~
teners was based on the general shape of the curves drawn in Figs, 1-5.

By this menns it was possible to obtain compgrative results of the accept-
dbility, relutive to the noise from the subsonic asircraft,of the booms from
the F-104, B-58, ant XB-70 with &« mininum number of flightr required of
the XB-70 aircraft., To achicve this nominal boom intensity from the XB-70,
it was necessary they its flight track be offset {rom the normasl trick by

13 miles.

*PNEB ix 0 unit for expressing the perceived noise level of 2 seund.ia‘ls

It 1x standard practice tO meusure the ;o?gd from subsonic sircrsft in

terms of perceived noise level in PNdR. ™ PNdBs sre detersined from

octave or one-third octave band sound pressure levels made of 8 noise.

In this report the PNd'Y values are the peak levels resched by the noise
shen the aircraft flews over the test site,
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The nominul* 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 levels as a function of altitude 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 u given subsonic aircraft flying at a given
altitude and power setting does 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 of a given supersonic aircraft flying at a given altitude,

Mach, and weight (a median deviation of about 1,5 dB).

i. Relative Acceptability of Booms of Different Intensities

Figure 1 and Table 2 indicate that for indoor listening the noise
from a subsonic aircraft (KC-135) at a level of 109 PNdB was ahout equally
preferred to a sonic boom of a nominal 1.69 psf from a B-38. 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 nominzl 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 of the aircraft, temperature,
pressure, and density changes in ¢he 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
ind large, by the National Aeronautics and Space Administration (NASA)
in calculating sonic booms given in most NASA reports subsequent to
July 1966. In som¢ previous progress reports on sonic boom rescarch by
Stanford Research Institute, and SST Design Objectives of the Federal
Aviation Agency, the effects of tcemperature and some pressurc changes
(impertant only to supersonic flights below, usually, 35,000 {t or so)
were not included in the calculation of nominal peak overpressures. The
net effect §ix that for sonic hooms {rom supersonic aircraft above 35,000 ft
or 50, the nominal peak overpressures, according to latest theory (which
agree best with actual measured peak overpressures) are about 12% higher
than was previously predicted: »ith aircraft belos about 35,000 ft (et
least as found with the F-104), ine new predicled Overpressures are about
20% less (which also agrces best with actusl measured overpressures) than
thosc found with caelculation procedures used previously for this purposc.
Thesce obscrvations arc baxed on the results of the tests conducted at
Oklahoma City and Edwards Air Force Bawe (personal communication with
Dominic Magliers, NASA, langley Field, Hampton, Virginia).
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to 2,65 psf, the PNdB level of the noise from the KC-135 had to be ap-
proximately 117 PNdB to be judged as equally acceptable as the boom, This
result would perhaps not be expected inasmuch as increasing the overpres-
sure from 1.69 to 2,65 psf represents only a 4-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 ol about

8 PNdB. Likewise, for indoor listening an overall increase of about 12 dB
in the physical 1intensity of the boom from the F-104 (from 0,75 psf to

2.8 psf) required an increase of 19 PNdB in thc aireraft noise to maintain

equal acceptability of the two sounds,

These results wouid imply that the subjective objectionablcecness 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 the intensity of the
two sounds is increased by an equal amount. Broadbent and Robinson?
using a maguetic tape recording (played back via loudspeakcrs) 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 morce acceptable relative
to the noise of the subsonic jet aircraft (by aﬁ amount equivalent to
about 5 PNdB) than when the two sounds arc heard indoors. That the re-
sults between the relative judgments indoors and outdoors should be esen
this similar is perhaps fortuitous in that the nature of the two sounds
is 50 different outdoors and because the sounds, due to attenuation by
the house and vibrations present indoors, further differ from their out-
door counterperts. Apparently, howecver, the secondsry sounds or "rattles”
introduced by the nonlinear response of components of the house to the

boom contribute substontiaily to the subjective unacceptobility of the

boom heard indoors. 1In a leter report, when the physical dato sre more

fully anadlyzed. the exuct physical stimulus present at the listeners'




vars will be correlated with the subjective rating data.

It might be noted that in a previous laboratory test by Pearsons and
Kryter23 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 aforementioncd, 2 sonic boom
and aircraft noise recorded indoors and played back over loudspeakers to
listeners, found a 1.69 psf{ boom tu be judged as equally acceptable as
an aircraft noise of about 107 to 113 PNdB., These results, we believe,
compare well with 109-112 PNdB 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
aceeptable 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 alsc 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-
tenuste the aircraft noise by an aversge 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-
quuncies 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 Iirst thought thast the booms end noise would be much more
scceptable indoors than -outdoors.

The relatively small improvement in the acceptability of the booms,
by virtuc of the listencrs being indoors and therefore somewhst sheltered
from the noise, has been keund 1o be true in previous studics of road

3,6,9,22 :
traffic and aircraft noise. = =
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4. Comparisons Among Subjccts from Different Communities

Table 2 shows that the subjects from Redlsnds and Fontane judged
the sonic boom from the B-58 relative to the subsonic aircraft noise in
much the same way--3 noise of 118-119 PNdB was judged equal to the bhoom
at 1,69 psf when heard indoors and to 108-l.l PNdB when heard outdoors.
Thus teo th -<e “uhjects the boom was much less acceptable than it was to
the subjects from Edwards Air Force Base--equivalent to a iﬂ PNdB change
in the noise from the subsonic aircraft when heard indoors and about
5 PNdB when heard outdoors. The ¢ifference between the judgments of the
subjects from Edwards Air Force Base and those {rom the relatively “quiet’
cosmunities of Fontans end Redlands is illustrated by the extrapolated
curves in Fig. 7. Also, Teble 3(a} shows that on the aversge the sub-
jects from Fontana and Redlands, combined, rated on the acceptubility
seile the aircraft noise and particularly the sonic booms as being more
unaceeptable than did the subjects from Edaards Air Force Base for com-

parable booms and noises.

An atreraft noise survey shoved *hat the sedisn pesk level of air-
vrslt noise in typical residentiul neighborhoods in Hedlands was about
73 P5dB {maxaimum peuk level of about 35 PNdB), and in Fontsns sbout &5 PNdB
(muxinum peak level oI about 100 PNdB}; also, these communities werc not
under or near usuel [light trocks for supersontc military airc-aft in-
selved in tratning OF test Rissions,

An airerait notse survey of the residential ares of Edwards Air
Force Buse revedled that subsxonic mireraft aoise resched occasional pesk
fevels of 110 PSdB, this area, hoeever, was subjoected (0 sbhout §-8 boomx
per day fur the past three years st o sediun weinal pesk overpressure
of 1.2 pot (xee Tuble 4 and Fig, 8). The subrects had lived on Edwards
Alr Forve Bese un sierage ol w0 yvars,

1t is to be noted un Tible 1 thuat thy subjpetis from Redisnds and
Fontana were, un the sverage, susenhat older than thuse from Edwards Alr
Force Bunc. Ax o chook un the 1mpoflance of ege 19 the relative jodgmoent
ol the sonic boom va, the sircrafl noise, the data sere divided fur the
Haudjands subjeris into (s perts~-those for the subjoects sbove the medion
age, amd thuse [or the subpecis brios the aedian sge. It sas found that
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Table 4

USE OF EDWARDS AIR FORCE BASE SUPERSONIC CORRIDOR
Number of Sonic Booms

1963-1966

MONTH 1963 1964 1965 1966
January ——- 161 126 193
February 4 110 102 165
March 11 140 97 287
April 106 162 48 257
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 Average: 3.9 3.3 3.€ 1.2
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the results fer these two subgroups of subjects agreed within I PNdB of
the lindings 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 the
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 resulﬁ of an average of two year's previoﬁs
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 or the boom.

B. Soni. Booms vs. Sonic Booms

A number of tests were conducted in which the subjects judged the
relative acceptability of sonic booms Irom 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 acceptabhility of one type of sonic boom vs. another

tvpe 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 chahge of 1.5 dB (about 0,25 psf at a boom intensity
of 1.69 psf for peoplé irdoors and 1.0 dB for people outdvors) 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 ;omewhnt
more rapid rate for listeners outdoors compured with listeners indoors.

It was noted beforc that the rate of growth of unacceptability of the
sonic boom appears to be greater than 1s the growth of unacceptability of
the noise from subsonic aircraft (a 6-dB tncrease in the intensity of the
sonic boom was found to be equivalent to a 10-PNdB increese in the level
of a noise from a subsonic aircraft of equal acceptability),
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Table 5

P‘ERCSM‘AGE OF REDIANDS SUBJECTS (INDOOR LISTENERS) WHO PREFER
BOOM (B-58 OF 1.69 PSF NOMINAL PEAK OVERPRESSURE)}

Peak
PNdB of WC-135B

Age Less than 50 Yrs,
{Median 38 Years)

Age Greater than or
Equal to 50 Years
{Median 65 Years)

163
110
120
118
118

9%
17
58
50

26%
27
53

50

B-36
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C. Ratings of Sonic Booms

Comparisons can be made between the sonic booms from the F-104, B-58,
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 & pair for a given
mission, (It was necessary to use only the results from the given posi-
tion in & puir 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 Looms from the various aircraft is rather
small, if at all present. However, Figures 10 and 10(a) show that thc
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 nonnocise-suppressed turbojet
vngines. 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 he able to relate the acceptability of
sonic booms 1o the noise heard in communities near commercial airports,

4 series of tests were cvonducted in which the subjects judged the noise
of u KC-135 to the noisc from a WC-135B aircraft, the latter heing equip-
poed with feanjet engines. The results are shown in Fig. 11. These figures
illustrate the PNAB volues and approximute altitudes required for the
WC-133B when operated at either pertisl takeoff or landing power setting
to be judged equally os uscceptable as thc noise from & KC-135 opurated
either ot partisl tokeoff power and un altitude of 2000 feet, or at lond-
ing poser and an 3ltitude o; BOD feet. i is of interest to note that,
at leusst for indoor listoning when the WC-133B fanjet hod the same PNdB
value medsurcd outdoors as the noise from the XC-133, the two noises were
Judged 1o be equully asceeptable or egually noisy.

The noises {rom the flights of the KC-135 st takeoff power that were
piired with the notses from the WC-1358 at landing power averaged 113.0
PNdB, whercas those paired with the WC-135B at takeof! power averaged
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111.3 PNdB, This difference between the average PNdB values tor the
KC~135 was prububly due to varistions in power or altitude 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-1358 operating with partial takeoff power and

also when palred +ith the WC-130B operating with landing power,

The outdoor listeners consistently judged the funjet WC-135B oper-

ating at landing power {EPK 1.3) to be about 4 PNdB less acceptable than

the WC-135B operating at partisl tukeoff power (EPR 1.76). One possible
explanation is that the increase in the pure-tune whine when the power ‘

setting is reduced from takeoif 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 us calculated.

It is also of interest to note the rate of change of the unaccept-
ability of the nouise from the subsonic aireratt as a function of its
intensity in PNdB as revealed through the judgments made of aircraft
noise vs, aircruft nuise, Figare 11 shows thet about-a 2-dB increase in
level neor the 530-percent point causes an increase of abeut 12.5 percent-
age points in the number of people who rate the more intense noige as being
zore unacceptable, whercas, as mentioned above, & 1-dB increase in in-
tensity of a sonic buom will cause an increase of sbout 12, .5-percentage
points in the number of people who rate the more intense boom as being
more unscceplable,

E. Criterion of Signilicant Diffcerence boetween Boum and Noise
Conditions )

It 1s perhaps .ol unreasonable to suggest thet o difference of 12.5
percentage points {from SUT to G2.5%) in the number of people who rate
one hoom 10 he relatively mure unaccepiable than another boom or one
subsontc airceraft polse to he reloftvely more unacceptable than another
notse is of practical significance., Using this coriterion it followx
from Figs. | through 3 tnat un the average two noises that differ by
about -} PNAB shen heard usloors. 2 PNAB outdoors. sould be significently
different abes qudged against o sonic boum of o4 nominal peok overpressure

of about [.6% pay,

B-11




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 PNdB 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 aircrartinoise vs. air-
craft noise and booms vs. booms as being significantly different, accord-
ing to the criterion specififd above, when they differed in intensity by
2 PNdB and 1 dB, respectively., This increased precision in the relative
Jjudgments when the subjects judged aircraft noise vs, aircraft noise and
booms vs, booms rather than aircraft noise vs, booms is to be expected
frou 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 disslmllar.17

Because of the nature of the paired-comparison test and the rather
small number of repetitions of cach test condition, probability statistics,
other than those shown in Figs. 1 Ehrough S, cannot be readily applied to
the dats at hind. HKHowever, in Appendix B-4 an analysis is made of the
variability present in these tests.

) Differences in Responses of Subjects in Different Test Rooms on

Vibration Isolation Pads

Comparisons between the averape 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 made by rcference to
Table 3. In Tuble 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 unicceptable (less than “"just acceptable’),

B-15




Figures 12 and 13 show histogram distributions of ratings assigned
by subjects in the various test locations for B-5B booms having a nominal

overpressure of 1.69 psf and 2,65 psf, respectively,

Table 3 shows that there were nu clear-cut differences among the
averages for the Edwards Air Force Basce house built of cement block, the
two special frame houses, and for the listener group located out of doors.,
However, it would appear {rom Table 3 that either the subjects or the
acoustic-vibration stimulation differed significantly among some of the
individual rooms in houses 'E-1" {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, ii 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 tﬁan*éid 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 asrcraft, Although the subjects were randomly assigned to the
chair locations at the beginning of the tests, they Rept, except for cer-
tain specisl tests, the same position throughout the tests. Accordingly,
it is possible thut some of the difference between ratings among the
different groups of subjects by their location could be due to inherent
differences in the sensitivity of the two groups Lo sounds,

Aés # check on this pussibility, subjects from one of the rooms that
on the average guve the least scceptable ratings and subjects from one
of the roves thal gave the most acceplable ratings exchanged their locs-

tions fur a series of 18 missions, The results given in Fig. I indicate

B-i6
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110

PEAK PNdB

105

100

|

FAVORABLE ~  UNFAVORABLE

ROOM

ROOM

GROUP NORMAL LOCATION FAVORABLE ROOM UNFAVORABLE ROOM CH&HGE
1 FAVORABLE ROOM 113.5 PNdB 121.5 PNdB 6 PNdB

2 UNFAVORABLE ROOM 121.5 PNdB 122.5 PNdB 1 PNdB
Average 117.5 PNdB 122 PNdB 4.5 PNdB

FIG. 14 RESULYS OF PAIRED-COMPARISQN JUDGMENTS SHOWING HOW JUDGMENTS
CHANGED FOR THE SAME SUBJECTS WHEN MOVED TO DIFFERENT ROOMS
Data are Peak PNdB levels of subsonic eircroft noise judged to be as acceptoble as
B-58 boom of 2.33 psf nominal peck overpressure. Listeners from Edwards AF Base.
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that at least some of the diffecrences among the ratings given in the test

rooms were indeed due to room and not subject diffcrences.

When all the physical data are available, it is planned to corrclate
the average subjoct 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 peopig in homes to sonic bhooms and to the noise
from subsonic aircraft, Ii is to be expected in real life that not only
will people and given rooms in houses differ in their responses to sonic
booms and nolse from subsonic aircraft, but also that the interaction
between these sounds and given rooms or structures will differ, depending

on the anple of incidence of the sounds with the structure,.

1. Vibration Isolation

For one series of 16 missions about half the subjects in lhouses 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-infiated 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 & vibration-isolated chair during half the
tests, and on @ normal, nonvibration-isolated chair during the other
half,

Figurc 15 shows that the vibration isolation hud no significant ef-
fects on the ratings given to the booms or the aireraft noise, although
there is o slight statistically insignificant improvement in the accept-
ability of the boom when the subjects were indoors and on the vibration-
isolntion pads., This finding is perhaps scmewhat>unexpected pbecause in
many locotions within the house the subjeols and the experimenter could

“"feel” the floor shuke when the house was subjected to sonic booms; at

i
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125 ' '
120 -
-]
2 ‘]5 }" o—-—_———oa -
o L e b
V4 % c
é ne F— -
105 b ' ] -1
100 i ]
MOT
ISOLATED ISOLATED
GOuUP NOT ISOLATED ISOLATED NET CHANGE
o (INDOORS) i15.0 PNdB 114.5 PNdB -0.5 PNdB
b (INDOORS) 113.5 PNdB 113.0 PNdB -0.5 PNdB
¢ (OUTDOORS) 111.0 PNdB 11,0 PNdB 0 PNdB

FIG. 15 RESULTS OF PAIRED-COMPARISON JUDGMENTS SHOWING INSIGNIFICANT
ISOLATION EFFECTS. Data ore Peak PNdB levels of subsonic aircraft noise judged to be
as occeptable o5 B-58 boom of 2.33 psf nominal peak overpressure.

B-51




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 wus nearly as or perhaps slightly more effective

than the actual vibrations as felt by the subjects in determining their

response to the sonic booms and noisc 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 siructures that the
houses did not respond 12 the booms= in a normal manner, one serizs 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-
Jjects or when 32 subjects were in the house.

G. Mail 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 duriag the month of June 1966 was asbout ten (the
residents estimeted six). It 1s seen in Table 7 thot 26 percent of the
people who answered the mail survey felt that the sonic boom environment

at Edwards during the month of Junc was unacceptable,

Street noise and the noise of subsonic sircraft would appear to be
no significunt probles to Lhe residents at Edwards Air Force Base. It
should be burne in mind that slthough oceasionslly the noise of low-flying
subsonic afrcraft reaches the residentiul sres st Edwards, the normsl
takeoff and approsch pothr to the runwoys avold the residentisl sres and
the flight path of the subsonic svircrutt uned in the sonic boom cvalu-
stion tests did nol pass over the residential asres, Figure 16 shows dis-
tributions for the rotings of different environmental noises by x‘sn:pie

of the resaidents of Edsards Air Forcee Bose.
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Figure 17 depicts the acceptability ratings of environmental noises
made by residents of Edwards Air Force Base as a fuaction of their age
and years of residence st 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 hetween 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
(tabulnted below) to the question, 'Do you think living at Edwards Air
Force Base and being regularly exnosed to sonic booms in your homes up
to 1 June 1966 has tended to make sonic booms when heard in your home

to be:"”

Living at Edwards Mode Boom: No. Replies Percent
More acceptable 456 60
No change 246 33
Less acceptablre 53 7

At the same time it should be noted, as shown in Table 7, that about
14 percent of the people who replied to the mail questiionnatre reted in
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FIG. 17 PERCENTAGE OF PERSONS WHO RATED SONIC BOOMS
AS UNACCEPTABLE (Less thon just acceptoble}
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retrospect the 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 hoom 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 ps{.




1V SUMMARY 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:

1. Sonic Boom from B-5B Judged against Noise from Subsonic Aireraft

(a)

(b)

{c)

(d)

When indoors, subjects from Edwards Air Force Basc

judped 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 PXdB* measured

gutdoors.

When indaofs, subjects from the towns of Fontana and
Redlands judged thc boom from the B~58 at 1.69 psf
nominal peak overpressurc outdoors to be as acceptable
as the noise from a subsonic jet at an intensity of

*¥
118 to 119 PNJB measured outdoors.,

The booms heard outdoors from the B-58 at 1.69 nominal
peak averpressuré were judged to be as acceptable 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 Redlands, respectively,

When indoors, 27 percent of the subjects from Edwards
and 40 percent of the subjects from Fontana and Redlands
combined rated the B-38 bhooms of nominal peak overpressure

of 1.69 psf as being between less than "jus:i acceptable”

to “"unacceptable.”

*#Noises having these PNAB values would be gencrated on the ground di-
rectly under the flight path of a turbofan aircraft at an altitude
of 800 or 1100 ft, depending on whether landing or takeoff engine
power sctiings were used,

**Noises having these PNdB volues would be generated on the ground dir-
rectly under the flight path of a turbofan aircraft at an altitude of
300 or 60U {t, depending on whether landing or takeoff engine power
settings were used.
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(¢) When outdoors, 33 percent of the subjects irom Edwards and
39 percent of the subjects from Fontana uand Redlands, com-
bined, rated the B-58 booms of nominal peak overpressure of
1.69 pst 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 psf
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 énd 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 siightly
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 §-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 ncceptability'wns 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 u 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 nolse from a subsonic
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aircraft was equivalent to about a 6 dB increase (from 1 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 boous
and particularly the noise were rated slightly more unscceptable by the
listeners outdoors than by the listeners indoors. Also, the precision i
of the judgments and rate of growth of unacceptability as & 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 tgrhejet'ér 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 PNdB, and by about 4 PNdB when the two air-

. craft noises were compared against a reference boo..

7. Diffcrences in Judgments of Subjects Located in Different
Rooms and When on Vibration Isclation Pads

Systematic differences werc found among some of the subgroups
of subjeocts located in diffcrent rooms in the test houses, When some of

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

B-60
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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 significantiy change their judgments of the sonic booms

relative to the noise from the subsonic aarcraft,

8. Attitude Survey

An attitude survey of 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 Jun¢, when there was an
average of about 10 booms per day at 4 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 psf. Six percent
rated the ambient daily aircraft noisc and seven percent rated the street

noise 8s 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 noises,
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Annex B
Appendix B-1

MISSIONS FOR PSYCHOLOGICAL TESTS
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SONIC BOOM JUDGMENT TESTS

t is anticipated that in the not too distant future supersonic transports, which
create sonic booms, will be placed into commercial operation, The study in which you
are participating is being conducted to determine what kinds of senic 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 vou are familiar. Be-
cause you are somewhat familiar with sonic booms and because they are generated as a
matter of evervday operation at Edwards.Air Force Base, we would like you to make
rertain judgments about the relative arceptability of the sonic booms that vou will
hear during this study,

The sonic booms vou will hear will be of the intensity that normmally occur at eor
uear Edwards Air Force Base during evervday operations and are levels which will pre-
sumably be present in communities when the anticipated commercial supersonic aircraft
{1y across the Pnited States,

There is nothing secret or classified about these tests, However, we ask that
vou do not attempt to give vpinions 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. Alse, you should not discuss, in particular, your
reactions to these sounds with your fellow observers inasmuch as we want vour own
opinions, and we expect people to differ in their judgments. There are no right or
WTONE answers.

These tests are heing conducted jointly by the Air Force, the National Aeronautics
and Space Adsinistration, and the Federal Avistion Agency, and are part of the program
for the development of u conmercial supersonic transport. Your concienticus partici-
pation in this program is greatly appreciated. Any reguests for additionsl information
should be addressed to: Public Information Officer, Edwards Air Force Base.

Best Available Copy

B~2-1




P

Best Available Copy

LAST NANE

(] LT LT

OATE MONTH Lec.

1

CINCLE A IF FURST SOUND 1S NORE ACCEPTABLE.
CIRCLE B 1F SECOND SOUND 1S MORE ACCEPTABLE.

INSTRUCT ONS:

The primary purpnse of the tests being conducted is to
determine, if possible, how penple feel ahout the relative
acreptability of one type or level of aircraft noise when
compared with a second type or level of aircraft noise.

You will hear a series of sounds from aircraft. Some
of the sounds will be sonic booms and some will be the sound
made by a subsonic jet aircraft. The sounds will occur in
“pairs” and your rask is to judge which sound in each pair
vou think would be more acceptable to you if heard in or
near your home during the day and/nr evening when you are
engaged in tvpical, awake activities.

After yon have heard each pair of sounds please quickly
deride which of the two vou feel would be more acceptable
ta vou. [f you tliink the second sound of a pair would be
mare acceptable, circle B for that particular pair. If you
think the first sound in the pair would be more acceptable
to vou than the second, circle A.

Please concentrate on the judgment at hand and give an
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
the two sounds, please circle either A or B, giving the
best guess you can, and put a question mark after that pair.

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

their judgments of the acceptability of these aircraft sounds.

An announcement will be made before each pair of sounds
1s to accur.. The sounds of o pair may be separated in time
by oseveral miautes; usually, however, they will occur within
a siwle minnte, During this period we ask that you he quiet
arl sttentive. Give us vour best judgment and imagine, if
vou will, that von are listening to these sounds in or near
vinr own home,

B-u2-2
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1.

2

3.

12.

13.

14,

18.

19,

20.
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(11 [

150,

BATE NONTH

For sach sireraft noise you hear, indicste with sn % o the sorresponding box how v wonld
* feel if vou heard this noise in or near vnur home 16 15 times thromgtont the dav and rvening,
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MAME

HENEEE

SEEEEEENEN

LAST NANE

HEEEEEBEEE RN

FIRST NAME

RI00LE
INITIAL

SOCIAL SECURITY MUMBER LI 1r ,—LI {-i] l r ]

PLACE OF PRESENT RESIDENCE (Ciccie Ones: ] N
On Base 01t gase
MARITAL STATUS (Circie One) N S
Married Not Marrisd
SEX (Circla One) [ ] f
Mate Femate
« [T
OCCUPATION C:rcie Dne: H A R 0
Housew!i fa At Force Retired Othsr
Erployee

NUSBAMD ENPLOYED 8Y (Circin One? Mititary Civitean

16 MILITARY, STATE RANK

TINE 16 AREA TO TwE MEAREST YEAR (Circie One)

t 1 2 k| 4 § 6

Less than ty S LR 4 y1s. S yrs. 8 yrs. ot more
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NTTITUDE SURVEY
DEPARTMENT Of THE AIR FORCE

HEADQUARTERS AIR FORCE FLIGHT TEST CENTER tassc)
FUOWARDS AIR FORCE BASE CALIF 93523

VF L

THE  IMMAN, | & 7 June |966

SUBIE 1 Sonic Boum Testing Program

- All Occupants, Base Housing

{. 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, Edwards was chosen because it is a base where people are exposed
to the noise of ai:craft and to sonic booms.

2. These studics are a joint Air Force, NASA and FAA project with
Stanford Research Institute assisting as a government contractor. The
studies are 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 develcpment of commercial supersonic transport
aircraft, Sonic booms created by these aircraft must 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. |t is your opinion and first reaction to each question
that is wanted. It is expected that peoole will differ widely in their
opinions,

4, The individual {not joint) opinions of the husband and of the wife,
to be given separately on 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 sheets
are numbered to aid in data analysis, but the identification of persons
fiiling out the onswer sheets will not he used in any woay or kept. You
will also be asked to complete answer sheets like the enclased one ence
or possibly twice again later this summer,

5. Thisis a voluntary service we are asking you to perform. Tha program
has the full endorsement of the Air Force and is important. For these ,
reasons, your willing cooperation and participation will e apprecioted.

Mo 0307 ons

ANSON -
Brigadier General, USAF
Commander




Pluease ¢« heok one point on »ach of the lines below which indicates most closely
how vou felt on the average n your present home during the past few weeks or month
ahout the Linds of various soumds indicated,

R The sounds, as heurd in your home during the day and night for the past faw
weeks or month, of aircraft flyving overhead or nearly so shertly after taking
oft! or during approach to landing were on the average:

I i Fl i i i i H i t

¥ L s - 3 £
Very Acceptable Just Acceptabie Ynacceptable

b The =oniv booms, as heard in yveour home during the day and night for the past
few weeks or month, were on the average:

{ i i i i i ! A i i . - i

VV‘?F Acceplable Just Aeéfgtahiu Unacceptable

e, Stireet noises, as heard in vour home during the duy and night for the past few
weeks or month, were on the average:

} i i i H F I F P i i ¥ k

Very Acceptable Just Accepiable Unacceptable

Please check what you think was the number of occurences of the following
sounds, as heard in your home during the average day and night, {or the past several
weeks or month:

a, The sounds of ai1rcratit flving overhead or nearly so shortly after taking off
or during approach to landing.

Approximate Average No. of Daily Qucurences
lor less] 2 -5 & - 10 11 - 20 21 ~ 30 30 or More

b, Sonic Booms

Approximate Average No. of Daily Ocourences
1 ur lLess 2 -5 6 - 10 11 - 20 21 -~ 30 or More

Pleuse place u circle around the condition which in your present home is the
most bothersome or least acceptable ta vou:

a, general airplune noise b. senic booms [ % street noise
How long have vou lived at FKdwards Air Force Base? Your age?

Please check: husband wife

B-3-2




The previous pape was concerned with vour reaction to sonte hooms during
tI‘w Pat 1 thivt aren -0 ol the ronth ot June 1966, The guestions below
are about how vou fell about wonte booms amd aireralt noise - at Edwards Alr
Force Base betore 1 June Yoo,

1. bo vou think that the sounds of uircraft tlying overhead shortly after
taktag off or during approach to the landing you have heard in your

Kome, up Lo about 1 June 1966, whivle tiving at Edwards Alr Force Base

—ee— b L L. T I | 1 J
Very Acceptable Just Acceptable Unacceptable

were, an the average:

2. Do vou think that the sonic hooms vou haie heard in your homes,up to

about 1 June 1966, while living at Edwards Air Force Basxe were. on the

average:
L — - - 4 Py . 4 SR | i I | 1
very Acceptable Just Acceptuanle Lnacceptable

3. Do you think that living at Edwards Air Force Base and being regularly
exposed in vour homes to sonic booms up to about 1 June 1966 has tended

to make sonic booms when heard in your home to be:

&) more acceptable

b) no change (Please check one box)

¢) less acceptable

4. Do vou think that living et Edwards Air Force Base und being regularly
exposed in your homes to the sounds of aarcratt tlving overhead shortly
atter taking atf or during landing up to about | June 1986 has tended
to meke these sounds when heard in your home to be on the average:

a) more avceptable T

b) no change {Pleuse check one box)
¢) less acceptable

Pleasé return this apseer sheet, along with the attached sheet, within a4 few

davs Ln the enciosed, gddressed cvnvelope.

Attach.
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VARIABILITY IN PAIRED-COMPARISON TESTS

The following factors are considercd to be 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 av~vaye of *he results taken nver the four judgments for any two
sounds that were compared with each other represents theu ine best esti-
mate possible of the relative subjective acceptability of the two sounds,

taking into account the error-factors outlined above.

An cstimate 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 dli2 by finding the 50-percent crossing points for the var-
fous 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 1 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-135B pairs plotted in thnis way.

Table B-4-1 gives the average range of the deviations of all possi-
ble cross-points for cach of the major experimental conditions tested and
shows that, in general, the average of the differences bhetween the medisn
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 eny test condition or group of subjects. The total range of the
differences among the crossing points for any test condition or group of

subjects sverages about 4 PNdB.
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Annex C
Part 1

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,
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Figure | contains examples of wave shapes observed for three diff-

erent types of aircraft, At the left of the figure are tracings of meas-
ured waves for the F-101 aireratft for which the time duration is about
.10 of a second. [t is sven that the waves vary {rom sharply peaked to
gently rounded, Simil.r signature tr#viags are shown at the right side
of the figure for the B-58& and the XB-70, respectively. The B-38 signa-
tures are roughly .20 of a second in duration and those of the XB-70 are
approximately .30 ol a second in duration. The main differences between
waves for a given aircraft are noted to occur at the times of the rap:d
compress.ons. The largest overpressure v.alies are generzlly associated

with the sharply peaked waves.

NATURE OF SIGNATURE SHAPE VARIATIONS

In the Isllowing discussions, reference will be made in variaztions
in those guantities which are defined in Fig. 2. Shown in Fig. 2 is an
example iracing of an N-wave signature. The gquantities peak positive
overpressure AP, the positive impulse I, the total time duration of the
wagve At, and the rise time -, are illustrated, Rise time always refers
to the how wave and is usualiy defined as the elapsed time betwecn the

onset of pressure and the cccurrence of its maximum value (see ref. 4).

There has been consideiabls discussion about the ffequency response
requireaents of measuring eyuipment and whether differences in frequency
response wouid markedly change the nbserved patterns of signature varis-
tion, In order to provide some information in this regard, FM mugnetic
tape records were processed by playvback through a series oir iow pasy
filterx, Figure 3 contains uvxamples of traced wave forms reosulting from
playback of one particular record through various filters varying in
band width from about 5000 Hz dosn to aboul 200 Hz. For the case illus-
trated, 1t ix seven that the unarrower band width systems noticeably af-
fect the save shape particularly sith regard to the peak overpressure
and rise time. Ahout 200 dula records sere processed as indicated in

Fig. 3 to provide data for the histogramx of Fig. 4.

The datas of Fig. 4 relate to B-58 flights at an sititude of about

3,000 11 and o Buch number of 1.5, In the [igure the number of events
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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 ard thus the effects noted in Figs. 3 and

4 will not apply.

Showvn in Fig. § are probability plots of the ratios of measureu to
calculated overpressure for the B-58 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-58 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
i 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 indicsting no variability., With the exception of the highest
and lowest valued points,all three sets of data generally follow a nor-
mal distribution iine and the varisbility is about the same in euch
case. These results are similar to those obtained in other programs
as, for instance, in references 1l and 2, and the implication is that the
typs and size of the airplane sre 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 overpressuf; data of Fig. 5. The only exception
is that the variability is generally less for the impulse function for
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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 how and tail waves thch travel along some-

what different ray paths from the aircraft to the ground.

Algo 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 ot 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 associsted with the first
pesk in the wave even though that may not be the highest peak. This
latter definition may be the more appropriste one for subjective evelu-
stion 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 {s significant to note that rise times of less than a
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millisecond are commonly encountered for the initial peak of the wave.

PHOPAGATION 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.), 1In 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 exteanding te 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 wéve 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 & measuring station on the tower to the ground and
also on g reflected path from the ground back up to s 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-
clusive 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 distortions,
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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
5 geconds 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 ma¥ 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 iacident
signature was essentially undistorted, whereas the ground measurements
and the rcflected signature measurements at the airship showed evidence
of distortion. This wéuld suggest that the 2000 ft surface laver 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 atwosphere ahove 2000 ft wmay for

some cases be important,

None of the sbrve experiments produced svidence of direct correla-
tion betveen signature distortion and identifiable local disturbances
in the atmosphere. The last special experirment to be described was per-
formed particularly to achieve such a correlation, Use wvas made of u
large subsonic ajrcraft lo generate wing tip vortices in the test area
in such a2 manner that the shock wave to be measured would pass through

these vortex disturbancex (see ref. 5). The resulting weasurements 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
ving 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 thesz 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. 1In 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 porpoising flight, the pilot caused the air-
plane to deviate from the nominal flight track by cycling the controls
to produce a $0.5 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 sbout 1600 ft for these
particular flight conditions,

Ground overpressure measurements for the two types of tflights are
shown in Fig. 13. The data points for three steady flights and for
four porpoising flights were obtained from individual microphones located
at various stations along the gronnd track as indicated schematically
in Fig. 12. It can be seen ‘rom Fig. 13 that approximately the same

ranges of overpressurc 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 [light conditions,

Such cyclic variations have been documented during this and other flight
research programs {see ref. 1). It is significant to note, however, that
eyclic 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 dst# of Fig. 14 represent sepsration 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 gquantity SAT’ which is the root mean square over-
pressure difference, is plotted as a function of separation distance
for the distances for which data are avsilable. The curve of Fig. 13
seems to represent generzlly the varistion of sar" a function of dis-
tance for both the steady and porpoising flight cases. Both sets of
data are seen to increasc monotonically as & faactian of separation
distance. Such a result strongly suggests that perturbations about
the flight track of the order of those illustrated in Fig. 12 do not
propagate faithfully to the ground from high altitude. It is thus be-
iieved that the variations discussed previously in this paper are due

masnly to almospheric effects rather than to effects of sircraft motion,
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CONCLUDING REMARKS

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
indvced 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 alsc 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 11

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 Il 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.

TEST 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 were made of the sonic boom signatures at
the ground level (EAFB elevation is approximately 2300 ft above sea
level) over an extended ares using sbout 65 ground microphones and of
the flow {icld near the airplane with the a:3 of an instrumented probe
aircraft. The nine ground measuring stations were positioned as shown
in Fig. 1 in order to obtain s large number of measurements on or near
the ground track of the airplane and also to define the latersl exposure

patterns to distances of about 25 miles to each side of the flight track.
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The airplane was flown under radar control generally over the main
Edwards Base on a heading of 245° magnetic for most ~f the flights,
and on a parallel track displaced about 13 mil¢s laterally for the re-

ma‘ning flights,

GROUND MEASUREMENTS

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 airplame. 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
iateral 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.

Prom data such as those of Fig. 2,the overpressure values, as de-
fined in the figure, were determined for a large number of measureaents
at various lateral distances and are presented in Fig. 3. The data at
the top of the {igure relate to four flights made at 37,000 ft and a
Mach number of 1.5, The data at Lhe bottom relate to 13 flights at
conditions of 60,000 {t altitude and the Mach number range 1.8 to 2.5.
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The data peints 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 uare 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 dataz 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-
clude,in some cases,peaked wave forms as indicated at the top and,in
other cases,rounded-off wave forms as illustrated at the bottom. These
sample variations are very similar to those previously cobserved for
other aircraft 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 variagtions in the overpressure AP, time dura-
tion Lt, and impulse functions In. These latter data have been tabula-
ted for a large number of flights and their varigbility is illustrated
in Figs. & through 8.

In Fig. 5 arc shown probability plots {or the overpressurce and im-
pulse data obtaincd in the three [lights of June 1966, at the on-track
{0 to about 4 milex) measurement stations. Thesc [lights were conduc-
ted at M= 1,38 ot 31,850 ft, M= 1.8 at 52,920 ft, gnd M = 2.94
at 72,000 ft. 1In ocach case the probability of cqualling or coxceeding
@ given value of the ratio of measured 1o calculated quantities is
plotied., It can be seen that the impulse data hoave generally lexs vari-
Abiltty than the overpressure data. This finding ix consistent with

those of references | and 3. It should be noted that the ordinate is
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a cumulative {unction 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 1s 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 variabi}ity 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 !diamond symbols)
are compared with those on the track (circle symbols) for conditions of
60,000 ft sltitude and Mack number 1.8 to 2.5 and for the November 1966
to January 1967 time perjod. I~ 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 (aee 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 date records available for the flights at 60,000 ft at N = 1.8
to 2.5 have also been analyzed to evaluste the variability in the time

duration of the waves since this ie of obvious importance in the struc-
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tural response problem, The results of these analyses are given in

Fig, #. The data at the top of the figure relate to the on-track con-
diton, whereas the ‘data at the bottom are for the l3-mile offset con-
dition, The At increment selected was (008 see, It can be seen that
variations in the time duration yvalues from sbout .26 to , 32 seconds
were obscerved tor bolh measurement conditions, These amounts of vari-
abitity are generally consistent with those noted previously for smaller

arreralt {ret, 86).
IN-FLIGHT MEASUREMENTS

In arder to obtain data for a critical test of the generalized
thvory for predicting sonic boom wave forms, the opportunity was taken
1o make in=tlight flow ficld measurements for conditions where atmos-
pheric effvets are minimized, The XB-70 [low ficld was probed with an
instrumented ¥ASA F-101 aircraft using an instrumeat system of the same
type as was used in reference 7 at separastion distances from 2000 to
Juoll 1t above and below the generating airceraft,” These were asccomplished
on the four XB-70 {lights which sere conducted at a Mach number of 1.5
at an altitude of 37,000 1t. Sumple 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 neusu.ed close to the aircraft and that the individual
shock waves from the aircraft tend to coalesce as distsnce from the
aircraft increases. It can .lsou be seen that the shock wave signature
sbove the airplane differs markedly from that below the sirplane at s
comparable distance., This result is at least partly due to the differ-
encex in the detatlied geometry of the airplane and in the manner in
shich the volume and 1ift components interact. The analyses of these
latter datas have not been completed as yvel; however, it is planned to
compare them with comparable theoretical calculations involving the
knosn operating conditions of the atrplane. Particular attention will
be given (o the cemparasble cases above and belos the atrplane shere

the 1ift and volume components combine 1n 4 markedly dif{erent manaer.
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CONCLUDING REMARKS

The signature shape variations and the associated variaticns in
overpressures, impulses,and time durations are simjtar in nature to
those observed previously for smaller airplanes. Voriability in the
above quantities was markedly greater in June than in the November-
January time period and is thue believed to be reluted to atmospheric
effects. For cases where a large number of overpressure data points
are available, the average measured values correlate well with current

theory.
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Annex C
Part 11I

SUMMARY OF CRUCIFORM DATA

Table C-I11I-1 for Phase 1 of the Edwards experiments and Table C-11I-2
for Phase Il give the listing of measured quantities in order of mission
number for each of the cruciform microphones, The map nf the cruciform

is Fig., A-2. Th- gquantities measured are illustrated in Fig. A-5.
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Table C-11i-1

SUMMARY OF CRUCIFORM DATA, BDWARDS PMWSE 1

Miss1om § Altitude | Mach § Mierophone p o, 4 Rise Time
Date No. Alreruft ft Nor. N, 1b/ ft‘e sec, S6¢,
- §-6H6 11 XB- 70 53,4920 1.81 MLC-1 2,37 . 250 L0125
MLC-5 -~ -- --
M.C-6 1,146 -- --
M.C-2 2,539 L 200 L,007
MLC-3 2,72 . 250 006
MC i 2.2 L2510 L0035
4H-6G- B8 a3 XB-7 72,000 2.83 M.C-1 1.65 3175 LU055
MLC-5 1.64 L3175 07
MLC-6 AR - .-
M.C-2 1.53 L3175 005
MLC-3 1.68 L3175 005
M.C- 1 1.70 . 3175 007
5N GG 1 xB-70 31,850 | 1.3 MLC-1 Noise -- --
MLC-3 2.4 L2338 03
MLC-6 2,10 -- --
MmC-2 2.2y 234 032
MLC-3 2.08 233 03
MC-1 2.3 231 <u28
6= -5 K No Boom
v B-5M 13,00 1.4 MLC-1 1.97 . 183 RUIN
MLEC-O 1,88 1 % 024
\MLC-6 1.01 -—- --
MLC-2 2.23 8% 002
ue .72 . 183 007
M-t 1.98 NS .023
1 B-on A1, oo 1048 MC-1 3.35 L1375 L0t
MC S S.35 . 157 R4 S )
\g.c-v 1.78 -- --
MLC-2 3.21 157 007
b+ K] d.63 10T J063
ne-1 3,32 157 U135
n -0 11,200 .04 pee-t 1.865 179 012
MLC- D NN 179 017
MLC-4 L0 .- .-
wuc-1 1,72 S 3 012
\M.C- 1.76 AT LOUé
C- ) 1.7 i 16
n [[ERUE RAREE U | I K g.c-t .1 13 U
ac-5 2,04 A58 W17
qL-6 L. .- -
we-2 2.1 [ AL ) 013
a.c-3 3.4 L1510 LOln
ac-i 2.61 1390 SOty
2 B8 [HRA .35 uc-t .5 172 08
G- D 2.41 A2 03
ur-s 1.63 - .-
Mc-2 .09 i | Ut
Wac-3 a.02 172 SN3
ac-4 1.78 ATt .o0s
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Toble €-111-1 {Copt wnued)

Mission X Altitude |Mach | Rierophone lp *t Rise Time
Bute Ho. Atreraft it Nu, s”fj ig);'fgz 5eC. SCP .
6- 6-66 43 B-O8 Hissed Boom
i1 B-38 KX E Y 1.4 McC-1 4. 16 L1985 A1
MLC-3 3,20 194 010
MLC-6 1.67 -- -
-2 3.12 L9 01
me-3 3.33 L1945 i
MC-1 3.0% L1494 LJAH
44 B-58 33, 1.57 MC-1 1.58 197 Riliks
MLC-5 1.96 L1986 ik
MLC-6 1.16 - -
MLC-2 1.53 , 196 i
MLC-3 1.83 . 185 PLeiiisy
MLC-1 1.9 , 1955 L004
75 8-54 31,800 1.46 MC-1 2,67 L1537 L0086
MLC-5 3,00 L1373 LOnd
MLC-6 2.02 - -
MLC-2 .02 . 157 001
we-3 2.94%3.a3 ] 157 §.e005%/ 001
MLe-4 4,45 L1375 L0035
A2 B-38 ERIR 1 1.53 MC-1 1.83 . 18335 L006%
. MC-3 1.80 L 183 L0085
10 5. mi East MCL-6 . - .
WoL-32 1.38 L 183 LU07
MLC-3 1.683 L1825 11
Mq.C-d 1.94 . 1835 .ouad
73 B-38 31,860 1.43 MLC-1 3,93 L 80 W6
\e-3 PRI ERZE D N EWR L
noe-8 2,39 - -
we-z 3.13 160 D05
MCe-3 3,03 . 160 LBU8
me-1 3.25 160 i)
H-7-46 A -8 31,500 1.8 me-1 1,88 L 161 LOUE5
MC-5 2.8 L1835 U6
Me-6 1.61 -- -
MLC-3 3. 10 . 164 LU
MLC-3 1.31 L 164 L0015
ac-1 347 . 1635 D0
15-B B-5M 43,660 1.70 uc-t 1.73 L1715 Lk
-3 2.01 L1712 LDONS
a.c-¢ 1,48 - -
uc-3 2,39 L1718 L01
L3 .47 T2 L0033
q.o-4 1.48 a7 LO08
17-8 B-34 31.680 1.31 ac-1 2.8 » 136 L0
MC-5 .15 L1368 i)
Mme-8 1.8 .- -~
n0-2 1.38 . 153 LU
oc-a 2 ) 138 LU
} e .71 L1383 Rireg

c-111-3




Tuble C-THi-1 (Coutinucd)

Misston

Altitude

Mach

Microphone

p

At

Rise Time

Date Nor, Arrcraft 1 No, No. 1/ “2 s, See.
67 6 Hi-B B-58 13,720 1.6 M.C-1 1.35 L1715 L0005
MC D 1.62 W72 L0111
MLC-6 W81 -—- --
MLC-2 1.0 L1171 L003
MLC-3 1.81 170 L0086
j3) Kol 1.71 172 L0086
IN-A No Boon
7Y-A B 5K a1, 600 1,52 MmC-1 2,37 .170 028
MLC-D 2.9 L1695 .029
ML.C-6 1.16 -~ -~
ML.C-2 2,45 . 169 027
MC-3 2,145 . 1695 RO}
M.C- 2,66 . 169 017
i9-A B-a8 13,340 1,148 M.C-1 1,41 21 040
MLC-D 1.49 212 032
MLC-6 1,42 -- -
MLC 2 1.33 <2075 L02:4
MLC-3 1.39 nz2 005
\mne-1 1,54 L2115 L0335
NO-A B-58 31,600 1.3 MLC-1 2,99 . 156 JOUND
MC-o 2,549 . 1335 11D
ML.C-6 1,143 -- -~
MLC-2 3.10% 2,480 L1335 | 0017003
MLC-3 2, 60 . 1365 L0190
M- .11 L1353 Ul
J-A B- K 43,340 1.3 MLC-1 930 L 197 103
MLC-5 IR . 192 020
MC-6 . 183 -- -~
ML.C-2 1.02 . 197 NIZEY
MC-Y L 0K 1995 L0233
Me-d 1.15 . 196 LU
Ki-A B-OK8 31, o 1,49 MG T 75 151 L053
MLC- O 2,07 L1505 L0442
MLC-8 516 -- -
Mq.Cc-2 1.80 L1530 50
MIC-3 1.97 . 151 3
M.c- 2,24 150 L0017
LLE I [XEFY B-on 12, 4 1.62 MLC-1 -~ - .-
MLC-5 1,70 L1797 L15
MC-6 1,33 - ~-
e 2 1,714 AT S
| Eal] 1,74 176 01
\a.c- 4 1.6 B P 012
TooN B 41,300 1,44 Mc-1 .- - -
. ML.C-5 Ry 106 LU0
MLC- 65 1.70 .- Co
MLC-2 18 L1568 L1100
MLC- 3 3,37 A KR} L0089
e 310 L1187 A7

C-111-4




Tuble C+1J1-1 {Comt unued)

Mission Altitude | Mach | Microphone p At Hise Tine
Bte Nere Afreraft f No. Nes, 1h/red S0, seC,
6-8-6G 12-A B-58 33,260 ] 1.67 MLC-1 - - P
MLC-3 2.09 179 L
MLC-6 .18 - -
M.C-2 2.73 179 006
¥LC-3 2,31 L1729 LAHI35
MLC-1 .08 L1789 LSOO
73-A B-58 .20 1.5 we-1 _— - -
MLC-5 2.35 Ly AH1E5
Mmo-6 1.23 -- -
MLC-2 2.23 147 L1
MLC-3 2.16 .146 013
Me-4 2.23 147 L0116
41-4 B-58 43,200 | 1.6 MLC-1 -- - -
MLC-5 1.74 . 166 L U068
MLC-6 963 - -
MLC-2 3.03 . 166 L005
MLC-3 1.82 . 166 L6
MLC-4 1.91 167 006
72-4 B-58 31,200 11,49 MLC-1 - -— -
MLC-5 2.96 144 L0068
MLC-6 1.58 - -
MLC-2 2. 88 « 145 L0044
MLC-3 3.21 14 L2
MLC-1 2.53 113 L0
57-RB B-58 37.600 ] 1,468 MLC-1 -— - -
MLC-5 1.78 . 161 .023
MLC-6 LB32 - -
MEC-2 2,18 . 162 ME k]
MLC-3 1.51 L1653 B30
MLC- 1.67 . 162 LUOUSS
#0-RB B-58 31,400 1.6 Mme-t -~ - -
MLC-5 2.52 161 Rtk
MC-6 1,31 - -
ML-2 2.58 . 160 014
MLC-3 2,61 « 160 L0075
MCc-4 3.15 L1861 L0025
56-RB B-58 43,040 1. 61 Mo-1 - - _—
MLC-3 3,61 L171 004
MLC-6 1.4 - e
MLC-2 2.08 171 LTRSS
MLC-3 1.80 L1689 Rl
MLC-4 a.u8 JA71 L0853
#7-RB B-58 340 L. e MLC-1 - .- -
Me-5 d.40 T LHT5
wne-8 1, 64 -- -
MLC-2 1,27 L 148 LEREE
Mc-3 4,81 L« 1in Rl
Mc-4 i, 18 L LT
&+

C-111-3




Table C-1E1-} (Continucd)

C-ill-e

Mission Altitude | Mach | Microphone Ap 't Rise Time
ate 1 Arerafs It Nor. Nor, i sec. sec.
6-8-66 1 3-8 B-N 13,200 1.64% M.C-1 .- -- -
MLC 3 2.18 170 003
MLC-6 .71 -- --
ML.C-2 2,63 .169 .0125
MC-3 2.68 . 166 L0015
bt Kol | 3,06 . 169 0055
H6-RB B-58 31,360 1.49 M.C-1 -- -- --
MLC-5 2,87 S 009
MC-6 1.62 .- --
Me-2 2.63 <14 11
MLC-3 3.03 <1 0055
MLe- ) 2.8 A 006
Bh-9- 66 B6-SRR B-ON 31,000 1.5 MLC-1 3.82 .133 035
MLC-5 3.72 .153° L0035
MC-6 1.914 - -~
Q-2 4.09 - 153 0015
NLC-3 5.32 .152 003
M.C- 1} 2.3 L1333 004
J3-SRB B 38 35,720 1,69 M.C-1 1.42 1392 432
MLC-3 1.16 <1385 +L30
MC-6 rE . - -
ML.C-2 1.13 L1105 L0
M.C-3 1.75 . 1393 JOUBS
MLC- 4 1.56 . 103 .0
n7-SHA 858 atoon | 1,53 \C-t 3,02 <117 015
\ILC-3 2.93 BRI 06
\C-6 1.0% -— --
\g.c-2 3.12 <1433 SOy
B.c-3 3.72 S 3 [ LSOOG
.- 4 a2 R E UL S
G NRHE B- 54 13, g .72 ae-1 i.n <05 L0032
\.C-5 d.61 181 L0035
\uC-n 1.41 - -~ ..
a2 2,4 % 1) 33 JOULS
\g.c-o L) 163 JANTS
ac-i .63 | a6 KU
mr SRkn -5 FIRLTE 1.3 g.0-1 2.7 Ll AnK
¥ N 1,12 Jdwe ST
uc-$ 3.1 - -
\g.C-2 FAT RE o
ac-3 1.4} Jdw S0l
ac-1 2.483 R g Uk 28
VTeNRY it 100 1,50 et 1,00 BT JOuRS
g3 1.34 LM N Uk
g.c-6 N .- .-
Wnc-2 1.9% .y U
a.c-t 2.3 .t g
we 1.ul l A Juin




Table C-111-1 {Continued}

Mission Altitude [ Mach | Microphone Ap At Rise Time
bate No, Mreraft ft Xo. No. lﬁfftg sec. BOC,
§-9-86 1 11-83 B-58 42,920 {1.52] wc-1 1.73 . 180 011
. MLC-5 2.93 L1805 .00
ac-6 1.74 - -
que-2 1.79 1805 005
MC-3 2.23 . 181 L0015
MC-4 2.19 L1805 U2
73-5A B-58 31,720 1,50 ] -t 3,05 156 017
MLC-5 2.83 . 1555 Lou4s
Mqc-6 1.47 - -
MLC-2 2,69 . 155 L0045
Mc-3 3.61 .155 014
MLC-4 2.76 155 LO18
42-84 B-58 43,080 ji.52! wsmc-1 1.%9 L1755 L015
Mqo-5 2.04 .176 018
Mo-6 1.21 -- -
Me-2 2.23 176 005
&L-3 3.48 176 U175
we-4 2,08 L176 L0015
75-84 B-38 a,680 J1.55] WMol | 3.8 149 603
Me-5 }4.01%3.34 1 1385 | .001% 005
M.C-6 - 1.81 - -
\ac-2 2.99 L1488 003
MLC-3 .24 L1485 612
we-1 3.78 .13 L84
Note  73-5A Aborted
43-84 B-3% 13,000 j1.68] M-t % ].157 003
Mc-5 2.35 . 1565 .0ul
M6 1.17 - -
Mme-3 2.99 L157 004
|e-3 2.3: L1587 01
uL-4 3.01 18T 002
12-84 B-34 @ (] oacet 1,87 L1645 BT
ML-3 2.07 .188 -] .omt
ne-6 1.01 o B
MC-2 1,06 L1848 ot
ne-3 3.08 L1833 i1
L1 1.8 L1688 013
16-3A S Zowo {16 W1 1.88 L85 7 Leww
‘ -3 1.89 L1888 oo
MC-6 S - .-
Me-2 2.28 ¥ 6T
wne- . A.M3 J158 +008:
R 7t 1.9 L1383 ]  Loa0s
72-8A -3 nax (sl wol .19 .10 M43
: T a3t faads Lot
B 54 1.17 - - L.
»o-3 1.89 L) D085
nr-3 2.57 L3113 LOIf.
ac-4 IR T K3t

.15




Tabte C-I11-1 (Cont inucd)

Date Mission Altitude | Mach | Microphone Ap 2 Al Rise Time
No, Alrcraft t Noro Nove 1b/f1 sec, seC.
6-13-66 | 18-7 B-38 37,710 |{1.64 MILC-1 2,59 L1605 .005
MLC-5 3.36 /2.77] .1605 { .0001/,0008
MLC-6 1.8) - --
MILC-2 2.1 L160 L0035
MILC-3 2.83 160 L0003
MLC- 4 2.7 160 Joud
IN-B B-58 19,600 | 1,66 MLC-1 2.16 L0005
MLC-5 1.96 L0U5
MLC-6 1.0 -- -
L ] 1.88 .195 L0055
MLC-3 2,00 L1955 007
b Xooll | 2.31 .1955 L0033
21-A B-58 37,800 | 1,69 MLC-1 3.00 . 1495 L0005
MC-D 2,53 118 RV
MLC-6 1,31 -- --
MLC-2 2,76 .116 L0033
MILC-3 2,98 L1106 00l
-1 2,91 .116 003
21-8 B-38 160 §1,72 MLC- 1 1.83 .195 L0045
MLC-3 1.81 .195 001
MLC- 6 NN - --
MLC-2 1.8 1943 0045
\C-3 1.98 .193 L0011
MILC- ! 2,03 . 195 0045
2u-4 B- 58 w300 167 \g.C-1 1,83 L1935 L0335
MLC-3 2,01 L1935 033
\ne-6 .01 -- --
e-2 1.73 L1933 001
MLC-3 2.u3 . 195 L0053
\ac- i 1.8 ].2935 .03
29-0 B35 RUTE RO RW N Y T | 3.56" 2,03 136 | Love2® 001
MC-3 .07 .236 L0013
\C-6 1.2 .- --
\LC- 3 2,58 L1033 RUIKM
nC-3 2,66 L1386 LUy
ac- 14 s.aav a2z fose | Loowz® oot
a2l - o8 Y T BT A PN | e toww ] omaa | oo02” 005
. Mme-5 1.1 LJINDS RUTH
ue-u 1.0 -- .-
L o} 1. B LYM Lnat
i wme-d 141 L) KITH
\Be- 4 1,93 N LF3 S
2B B3 ] us w0 1.67 MC-1 1.33 1 3 1D
\8.c-5 P U NI R 1} RUTT BN TTY)
gLo- G L - .
ac-2 3.0 A9 NULR]
8 2,49 R LS5
- 3,56 1 SN

it .




Table C~111-1 {Continuvd)

Mission Altitude | Mach | Mierophonge A * Rise Time
fute j Alrcraft £t Ners Ner, ;m’i;t“-‘ B8C. B0,
f-30-46 | JR-A B-58 41,30 ] 1,55 MC-1 2.71 L 178 LS
MLC-5 2.61 . 179 LM
ML-6 1.0 -~ --
MLC-2 2.52 L1785 L5
MLC-3 2,66 179 JOHD
MLe-1 .93 L1775 Lo
79-A B-08 32,10 .16 MLC-1 2.57 L1545 A2
MLC-5 3.52 . 1533 LO0
MLC-6 1.37 - -
MC-2 2.27 « 1535 RiiTH
Me-3 2,51 . 1535 ARG
Mo-1 2,50 L1535 JHID
53-A B~ 42,700 | 1,59 Mme-1 1. L1755 20
MLC-D 1.189 . 1755 Rik-H
MLC-8 <3N - -
3mec-2 1,39 L1753 Lu21
ML-3 .3 L1753 R«
Me-1 1.13 L1755 A¥EL
Bi-A B-58 31,220 11,413 Me-1 .64 135 L8013
Mc-5 2.58 1495 LU17
MC-6 1.37 - -
MLC-2 2.48 L ER) Riis
ne-3 2.46 REE] L0155
MLC-1 2,59 LIS 019
A B-58 13,000 1.5%9 ML-1 1.34 <16} LJAHIGS
MC-5 1.31 <1645 LAHETS
qc-8 LTIN -— -
Mme-3 1.6 161 003
noe-3 I x4 1 5 L35
C- 4 1. 14 L1645 LOUES
555 B-5u F1.360 11,41 Me-1 2.31 2175 AWT
-5 .91 L2176 PEidEe
Me-6 1.4 bt -
uc-2 .21 J2iK R
qC-3 2.21 S 075
qL-4 307 JHITS | L0045
aN-B B-58 L [ qe-1 1,37 L1345 ARG
qc-5 d.ul L1333 Sous
ML-6 | - .-
-3 P L1545 Y
BqL-3 .25 L1313 LS
ML~ 3.9 P A Lt
[Fity i) N Howrns
wi-n B3 31 %0 i 1.3 Bl .7 . 3 R
qL-5 .76 I R LU
oi-6 .41 ~ -
L2 d. .60 P B =X Rt
-3 [ 15 WA S
L Z ] F LB LT

-E-n




Table C-111-1 {Cartinue,

Dute Missron A reraft Altitude | Mach [ Mlcrophone ‘b . ‘e Rise Time
Ni, ft No, Mo 1/ 12 NeC. sSeC,
i~ 20-66 Roi-A B- 58 32,320 1,05 MLC-1 2,22 . 113 016
M.C-3 2,37 .12 115
\gC-6 1.27 .- -
MC-2 2,33 . 1435 0145
M.C-3 2,66 142 011
I.C- § 2,38 <1435 016
93-B R-5K 32,10 1,55 M.C-1 2, 1N k] 005
MLC-5 2,86 « 1110 SO0
n.c-6 1,47 - -
Mce-2 2,81 . 1415 013
MLC-3 4,92 .11 J006
MC- 3 3.02 « 105 L0045
62166 | M9-B B-i8 31,760 1.4 M.c-1 2,81 - 151 .01y
MLC-5 2,650 . 1513 .007
MLC-6 1.6 -- -
ame-2 J.00 . 152 014
MLC-3 2.67 . 131 013
McC-1 2.98 1515 012
58-B B-3% 13,600 |1.67 M.c-1 1.93 AT .006
MC-5 2,20 L1745 002
MC-6 1.26 -- -
Mme-2 1.35 175 L0112
MC-3 1,79 1715 V2
\MLC- 1 1,91 175 073
9-B - 0N N, w0 1.7 MLC-1 2.66 R ELY 25
ALC-3 3.51% 006 | L 1w /.007
MLC-6 1.7 - --
MC-2 2.71 R RLE] L0
wme-3 3.19 RELN] L0015
e 3.89 . LA L0
66-H B-58 KEM 11 .59 M.C-1 .18 167 25
MC-5 Y L1687 08
MLC- 6 .27 -~ .-
.c-2 1.08 1673 423
MC-3 I.14 67 025
\me-1 f.19 1663 30
0-H - 31,60 j1m ua.c-1 3.55 147 JOU25
me-5 R 3463 O
qc-6 1.0 - -
! - -3 3. b 116D RET
. MIC- 2.1 A S0
. ol 1,54 65 R
Hiu-0 $-I8 [T 1.42 g.o-t 1.42 L4875 SANLY
' F LK Rl ST
T TarH AT -- .
a2 | i .- S12
W | ) . 187 R
i /T | 1.1 L JANFY
L)




Table C-1H1-1 {Conti.ucd)}

Mizsion Altitude | Mach |Microphone ip 2t Rise Time
late No. Atreraft ft No. Na. H:fftz 8€C. sec,
&5 21-56 | 69-B B-58 39,440 1.39 Me-1 1.53 . 1855 023
M.c-5 1.5% 188 Rilil.}
MLC-6 837 - -
Mc-2 1.58 . 1855 018
M.Cc-3 1.80 . 1855 016
M.C-1 1.66 . 1855 O13
48-A B-58 43,140 1.60 NLC-1 1.45 <178 03
MLC-5 1.57 1775 026
MLC-6 <785 .- -
Wmc-2 1.16 .1775 L0111
mc-3 1.81 <177 002
MLc-4 1.44 1775 032
40-4 B-58 43,840 1.65 MC-1 1.55 171 013
MLC-5 1.77 171 006
M.c-6 1.05 - -
M-z 1.87 <171 005
Me-3 1.88 <1705 009
ame-4 1.96 171 0085
80-8 B-58 43,940 | 1.64 Me-1 1.55 . 185 007
MLC-5 1.46 . 185 .013
MC-8 759 - -
MLC-2 2.24 . 1655 004
MC-3 1.43 . 1655 017
MC-4 1.82 155 D093
51-8 B-58 43,260 ] 1.62 MC-1 2.46 . 1825 P
HLC-5 2,05 . 1815 011
MC-6 1.10 - -
qc-2 .52 . 1815 0023
MC-3 1.93 . 1803 30
nc-4 .38 ,181 007
101-8 B-58 T 1.5 Boe-1 3.688 » 1483 019
sme-s 2.68 1485 015
M-8 1.2% - -
wi-2 2.49 148 319
Me-3 .72 149 .001
qC-4 3.718 » 1485 .020
$3-A p-38 3.0 {13 wme-t 2.23 J148 033
WnL-3 3.7 L 148 020
We-3 1.57 - -~
ne-2 .84 L1458 K.
wL-3 2.58 . 148 ~OB%
nr-4 .12 1453 D07
6-21-06 | 28-A 58 000 F1.83 | Mo 2.38 162 013
L= .13 162 L0115
E 7o) 1.43 - =
nL-2 2.38 » 142 LS
L3 LY « 1825 008
ne-4 2.62 .143 017

C-1ii-4




Table C-1.1 1 (Cont inued)

Mrsston Altitude | Mach | Microphone Ap "t flise Time
Bate Nov, Atreraft ft Nor N:n. 1/ H2 S0C, sec.
6 22-64 19-A B-08 37.200 1.64 MC-1 2,30 .1555 0155
MIC 5 2.02 .156 015
ML.C-6 1.08 -- -
M.Cc-2 2,20 156 026
M.C-3 1.78 . 1565 LOU8S
MC- 1 2.01 . 156 L0135
6-X B-58 13,560 | 1,60 \3.C-t 2,48 . 167 006
MLC-5 5.36 167 0115
MLC-6 2.18 -- -~
MC-2 1.79 . 1665 215
MC-3 5.06 . 167 0055
MC-i 1.12 .167 016
an-a B-58 37, 100 1,65 MLC-1 2,21 .163 008
MLC-5 1.92 .1635 032
MLC-6 1.01 -- --
ML.C-2 1.98 .163 JOIBS
MLC-3 2.10 163 0295
MLC-d 1.93 .1623 L0045
31-8 B8 fa, o0 | 1,61 qC-1 1.44 . 169 018
M.Cc-5 1.36 <170 029
MLC-6 800 -- -
MC-2 1.71 -- S5
B.Cc-3 1.59 170 .003
MLC- 8 1.1 L0 L0165
21-a B- 38 13,300 | 1.6 \MIC-) 1.58 No .021
n.C-5 1.59 time. L031
q.C-6 1.31 Could e
\b.C-2 1.28 ant 022
MmCe-3 1.7 read. 16
MLC- 1.35 0225
43-A - IR TR I W \C-t 1,45 L1863 U225
M.C-3 1,19 . 163 0175
\e-6 1.1 .- -
\LC-2 <989 , 163 0363
MCc-3 T 1,97 <1693 185
a.c-1 1.3 | .163 028
251 n oo 13,330 | 1,59 \LC-1 1,69 A7 0135
M.C-3 . 1.87 L1795 L0183
\C-4 JH53 .- -
b K | 1.23 <180 RUGE)
ac-3 1.66 JaAms | - .
M- .44 1788 L0110
240 B st e | ones] se-t F IS KO IR T 4 LOu53
nc-1 .0 L1538 JY
Be-6 .3 == .-
. 2 d.05 137 ANTS
- 3.3 i K L0183
L ac- FR A 337 U123

-ttt




Table €-111-1 {0« ntinued)

Mission Altitude | Moch | Microphone rp At Rise Time
bate No. Atrcraft ft No. Nuo, /112 sec, seC,
6-23-66 | 17-A B-58 37,600 ]1.684 MLC-1 2.38 - 1625 D035
MLC-5 2.24/2,37 | .162 L0057, 0065
MLC-6 1.17 - -
MLC-2 2.17/2.22 | .182 .010/.,014
MLC-3 2.35 162 Riik i
MLC--1 2.92 + 182 001
22-B B-58 13,350 1.67 MLC-1 1.13°1.43 L1685 | 00257016
MLC-5 1.46 « 168 L0085
ML-6 859 - -
Mc-2 1.53/1. 87 . 168 LAMEZS/ DUSS
W.e-3 ,877/1.60 . 168 02/, 0w
MLC-4 1.76 . 168 L0055
31-4 B-58 37,480 [ 1.84 MLC-1 1.11/1.92 | .155 |.0025/.016
MLC-5 1,80 1.95 | .155 .007 ".011
MLC-6 390 - -
MLC-2 2,12 «155 006
MLC-3 2,03 <154 i
MLC-1 1.79 1,90 | .155 |.0015/.015
33-A B-58 43,300 | 1.64 MLC-1 1. 163 05
M|C-5 (120 1,38 ] (184 L0047, 007
MLC-6 <755 - -
ML-2 1,03 1,26 | .162 | .0055/.013
MLC-3 L701 1,35 ] L1683 002/,013
M- 1.30 . 164 006
20-B B-58 37,900 ]1.865 MLC-1 1.67 1,93 | .15 067,019
ALC-5 1.88 » 159 LG
MLC-6 1.07 . - --
MCc-2 1.87 2,37 + 159 LA037,013
MC-3 2.36 « 1545 007
MLC-4 3.17 «159 L0095
36-E B-5b 37,460 | 1.66 MLC-1 4,37 « 160 LS
MLC-5 5.11 « 1805 006
qL-8 2.69 - -
sLC-2 d.41 « 160 L0025
M.C-3 7.65 - 1595 D03
ML-1 6.12 160 JOU3
6X-2 B-58 43,50 | 1,67 ‘WLC-1 1.861 «188 019
MLC-5 1.52 188 019
506 -— - -
. WC-2 2.27 . 168 JOU8
we-3 1.51 1673 L0135
ML~ 1§ .09 - 16& U135
[ B 3 ¥~ No Tracking L1 1.19 LT
ML-3 1. 16 JINT
ucL-6 ¥ -
Mac-i 1.30 JORT
we-3 L3 8T
4 1.01 SBT

C-113-13




Table C-1F1-1 (Cout inwmd)
| Misston Altitude | Macu } Microphone Lp it Rise Time
bate Nos, Atreraft ft No, ’ No, H)/ft2 sece. sec.
6-15-66 | 26-A F-104 21,200 1.4 MLC-1 1.75 0735 0055
MLC-5 .74 .073 L0055
MLC-6 8. 1.X) - -
MLC-2 1,88 L0735 L0035
MLC-3 1,88 L0735 L0035
MLC-1 1.93 074 L0035
26-B F-101 29,660 1.6 Missed Boom
H-13-66 | 26-7A F-1014 No Tracking MLC-1 2.10 072
MLC-5 2,28 072
MLC-6 1.03 -
ML.C-2 1.72 L0715
MLC-3 2,15 072
MLC-1 2.15 0725
26-B F-1014 29,4920 1.54 13e-1 1.61 080 L0065
ML.C-5 1.13 L0793 0055
M.C-6 .8l -- --
MLC-2 1.8 079 013
MLC-3 1,43 0795 007
MLC-1 1.3 079 006
38-A F-101 No Tracking MLC-1 2,07 071 L0041
MLe-5 210 071 L0055
\MIC-6 1.08 - -
MLC-2 1,94 0735 006
MLC-3 1.94 071 004
\ILC- 2,35 07 L0012
J8-B F-101 29,700 1.02 ADC-1 Lo 19 0795 019
MLC-5 t.306 783 L0135
MLC-6 JTH8 - -
m.c-2 1.63 079 LOON3
MC-3 1.38 L0795 L0095
MLC- 3 1,62 0795 L0115
17-A F-1014 29,700 1,149 Me-1 1,30 7Y LO0Y
MLC-5 1.19 L0795 00
MLC-6 . 788 .- -
ne-2 .11 79 00}
\C-4 1.28 79 LS8
mLec- 14 1.56 LT85 07
a7-n Fang | 2r.om froae] el 3,91%3,93] L0735 [.ou0s” L0z
M.C-0 2,60 L75 [RULE
MLC-6 1,31 -- ..
W.c-2 3.67 75 JOULS
\R.C-% ~- .- -
\wme- 4 3,99 073 04
G-1oen6 | IN-A F-lu) 11,080 [ 93] M C-1 L2t » UKL Nt T
\ac-3 3.70 L0795 AN LS
\LC-6 1.99 -- --
uc-2 .17 ALY L0035
\IC-3 1.0 JORD L0000
u.C-1 3. 46 LTS U

Cc-111 1




Tuble C-1I1-1 {Continued)

| Misston . Altitude | Mach | Microphone 2p fet 1 Rise Time
fate Nes, Atrcraft ft. Nus, No. | 1bw/re2 see, | see.
6-15-66 1X-B F-1eg 28,140 1.5 MIC-1 1,34 Riri L0095
ML.C-5 1.5 Riki R
M.C-6 L8311 s == -
MLC-2 1.62 L0785 L0015
M.C-3 1.368 L7989 LO055
sLe-1 1,52 0785 LOu55
2%-A F-101 28,700 .32 me-t 1.62 LB LUl
MLC-5 1.63 L0 L0115
MLC-6 - -- -
Me-2 1.55 | .0%05 087
MC-2 1.69 L1190 08
MLC-4 1.76 LHBOS 0125
2X-B P-104 11,080 1.20 MLC-1 4.37 iri: 0035
Me-5 4.4 78 LU04
we-s 2.13 - -
M.C-2 .30 079 004
Me-3 4,40 U795 00
MLC-4 4.30 079 0035
3%-A F-1044 29,100 1.58 MLC-1 1.15 075 L0135
M.C-5 1.19 0755 L0105 -
MLC-6 L6831 - --
MLe-2 1.39 L0715 L0105
MC-3 1.30 U755 008
MLC-1 1.23 Rirs LAN85
3X-B P-4 14,200 1.15 MLC-1 2,35 L77 A6
MLC-5 2,28 177 006
MLC-6 1.20 - -
MLC-2 2.0 B77 215
MLLC-3 2.29 077 SO0
M.C-4 217 L0775 008
1%-4 P10 11080 1.328 MLC-1 3.38 D675 L0115
MLC-5 3.28 0683 L0055
M.C-5 1.69 - -
MLC-2 3.0 L0875 L0035
MLC-3 3.19 0675 0035
MC-4 3,49 w0675 .0035
4X-B F-1u4 34,880 1.63 M.C-1 3,29°%.38] .07 L0008/ ,004
MIC-3 Z.41 L7658 0045
Lo-8 1.0 .- -
-2 2,26 L0077 » 0045
MLC-3 .43 LTT 005
a.C-4 2.46 L0775 0035
6-18-68 | 27-A F-104 9,300 ] 1.65 M.C-1 1,28 075 L0055
M.c-3 1.48 73 . W 00d
Mc-8 . 797 . - -
-2 1.5 75 AN
Me-3 1,15 L75 L0585
We-14 1.52 073 121

C-111-15




Table C-111-1 $ontinued)

ate Misston sreeratt Altrtude | Macli | dierophon. ‘p ” It Time Rise
Nos. ft. Nor, Novo thote” SO, s,
H- 16- 64 2%7-1 F-1nd 20,510 1.1 MLC-1 1,63 074 L0003
' MLC- 5 1,61 U735 L0
MLEC B JHUT . -- .-
MC-2 1,85 L0735 L0035
-3 1.56 L0730 L0005
gl 1,58 L0735 L0035
a-X F u} 29 700 1,483 et 1,08 72 LOUS
k1 1,79 LU72 01D
MILC- 6 5 -- --
MLC-2 1.64 071 008
.- 3 1.71 LT75 RUIRE
M- 1.71 LT72 L0015
6-22- 64 28-8 F-101 RN K} 1,45 MLC-1 2,05 TS L0135
MLC- 5 2,20 LO7H UL %Y
-6 1,31 -- -~
W.e-2 A77 105
MLC- 3 LU78 M UERY
MLC ATTH NI R
19-8 F-104 B 1,142 MOt 1.51 LURRS L0175
MLC-H 2,05 LORY L0025
-0 .03 -~ --
- 1,50 JURBD 008
MLC-38 1.91 JUBRG L0005
we-1 1,499 LRY JOURS
30-8 F-104 29,720 1,47 Y A 003 L0215
bt KGN L0801 L0253
MLEC -0 -- --
M- L2 AR
wme-3 NILKAY L2635
et Lung L2090
(S F-lu) 29, 606 1,49 et .1 LU LUIR
ML .00 JUURD L0225
MiC- @ SN . - -
MLC- 2 1.1 LR K 0215
MEC- 8 1,07 LOORG 011
M- ) 1,40 L0810 021
-k E-tod S N LR I M- 1 1,76 TR LU12
N A 2,477 Len] 0735 | soond” Je1us
w8 1.u8 -- -
b R} 1,74 JMTT Jou7
Mo 1,99 TR N7
VIe i 2,00 DTS 020
KRR} F 1o} 2V 0 1,28 el KITN] LUNLD LSOOG -
M- J.80 JORZ N UKk}
e s | I ] .- --
e 2 2,21 JORDS 07
e Y NILY K RUTY
G a K N
S S L L ,.._,L. ‘\}1 i 1,82 AILILN) NER )

L % § A LT




I

C-1HE-T fCant comatd

. Ay~ Arreratl Attitade | Mach | Meorophon p N B Rise Foru
Bty it. Nie, Nee, Th 18> i, k.
[ER S T 3504 F g 21,0 1.9 MCt 1.21 LTS LU T

ML f.46 Rty RITTAN
MO8 ST -~
MiC 2 F.12 L1T7H R0
MILC- 3 .75 ANED L
ML . W HHTD LR

X IR Foneg .72 ] 1,51 b1 sl S LA LEHE
Moo LR R .31 R A0
MLC-4 L - .
MLC-2 217 LR RT3
MLC-3 p.ut R %1 L1225
MC-d .23 SH1D A1

- Fi-65 1i-8 F ol 21 1.1 Me-1 2.1 TR SHEES

MLC-5 .33 2,03 0755 LOIE anT
ML.C-6 L N .- ~-
MLC-2 .43 1.1 096 ARBZS a5
MLC-3 1.4 LUTE6 LSS
MC-1 1.82 SIT6 L2

22-3 F-10d 29,260 |1.1 sgC-1 1.39/1,80 ] (083 AT LOURG
wme-5 T.23270.51 ,uxa LR
me-6 2.3 -- b
MLC-2 1.33 L8235 L0
MLC-3 1.28 1,43 ,uud LA 1SS 006
MLC- 1.7 sz ] Loz | ool ool

31-8 F-1} 21,250 1.3 M-t 2,17 LUTH LU0
aL-5 .02 2.0n] U076 L0115 (01
MLC-6 17 -~ --
MLe-2 1.72 1,97] ,076 USSR TT ]
Me-3 1.83 LU7H U1
Me-4 .63 2,891 076 LUUT G

33-8 . F~turl R PR ] 1,44 me-1 1043 O L4312
MLe-5 1.61 i LU1E
MC-8 BRG -- -~
MC-2 2041 SR Lt
MLC-3 1.85 Ri T Lo
MC-1 1,82 1,927 ,081 | 0085 011

20-4 F-1m4 31,530 1.37 MIC-1 1.8 ST Rishi
MC-5 1.681 1,97 ] 080 SAHIT L 012
M-8 1.047 -~ -~
Mqo-2 LJORS 1.7 L0789 | Lougs Lon
M.c-3 .14 it H LA oo
Mme-d .54 LT0 W32

6-a F-lat 3 qu.mee (1.t wme-t 1.9 LOTT it
qL-5 .31 SAHTT LIRS
Mo-6 1.28 - -
MOo-2 1.97 2,12] 057 LRI i
MOC-3 1,83 2, 0H] L0763 | 00d o057
MLC- 1 Lezer] et ] oes e }

LRI




Table C-111-1 (Concluded)

Mission Altitude | Mach | Microphone ap + | Rise Time
Pute No, Atrcraft ft, No. No, 16/ 112 sec, sec.
6-21-66] 7-X F-104 | 29,630 |1.55 | mc-1 1,98 .0B1 .008
MLC-5 1.70 .081 .016
MLC-6 , 806 - -
MLC-2 3,33 ,082 L0075

MLC-3 1.27/1.56 | .0815 | .009/.0205
| MLC-4 1.7 .081 L0135

* Moved into backyard of concrete blockhouse after June 6, 1966.
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Annex C

Part IV - FULL-BANGE AND AUD1O PRESSURE MEASUREMENTS

D. R. Grine
Stanford Research Institute
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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 MIC-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 sudio 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
trom the ground, No measurable sudio pressure coincides with the re-
latively slow pressure rise just sfter 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-
ference in amplitude of the bow and tail shock noted on the figure. There
may slso be a difference in rise times of the bow and tsil shock. On

the bottom two waveforms of Fig. 1 from Mission No, 8-3, the rise time of
the bow shock is 13 milliseconds longer thsn 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 noticesble rine near the middle of the wavefora from
Mission Ko. 8-3 shows no corresponding audio peak. The tail shock from

C-1v-1




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 & lower
audio peak.

In Fig. 2, waveforms from an F-104 and the XB-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, MIL-6. Note that
the audio peaks for the F-104 are very nearly egual in size for the bow
and tail shocks. The bow and tail shocks on MLC-3 for the full-wave
wavefors 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 evén though the full-range
wavefors has & larger amplitude for the XB-70. The slight difference
is probably caused by a slight difference in rise times, 4 milliseconds
for the F-104 and 5.5 milliseconds for the XB-70., Note that the sudio
record for the tail shock on the XB-70 is considerably smaller than
that for the bow shock as in Fig. 1.
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Annex D

METEOROLOGICAL INVESTIGATIONS
ENVIRONMENTAL SCIENCE SERVICES ADMINISTRATION

SUMMARY RESULTS

Following the Phase 1 Edwards Tests, ESSA was asked to participate
in the planning and execution of the follow-up Phase Il 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 varisbility of overpressure
by means of microphone grid arrays of two different intervals of spac-
ing (S50 and 200 feet). 1In 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 MSL) 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 to be made of overpressure

duta from the 8000-foot linear microphone array.

While the majority of thc meteorological data acquired by ESSA has
been or ic being processed, the bulk of the overpressure data needed
for correlation has not yet become availuble. The following will sum-
marize the results or the state of progress in the various areas of
study being pursued by ESSA.

A. Inversion-¥ave Investigation

This study resulted from sttempts to explain the frequently ob-
served large horizontal variations in sonic boom overpressure, believed
to be associated with low-level atmospheric inhomogeneities. Somwe ob-
servations suggested a periodicity or wavelength in maxisum overpressure
on the order of 3000 feet or more.
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Limited meteorclogical observations have indicated the occurrence
of waves of similar wavelength on temperature iaversion surfaces in the
lower tropospherc {(below 10,000 feet MSL). It was therefsre.theerized
that a boom shock wave passing through such an inversion, would undergo
ditferential 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 maxima 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 putterns, in an attempt to relate them directly with any
periodicity in overpressure values observed by means of the B00O-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 Il Tests the inver-
sions were probed for. temperuature variations (indicative of wave struc-
ture) by an instrumented C-131B Air Force aircraft, on loan from another
pru}get. When it was recognized that the definition of temperature
structure was insuliicient for the purpose, s chartered light plane

{Cessna 150) was specially instrumented and used instead.

In all, nine flights were made Ly the C-131B, five of which were
made on three days when the BOOO-foot microphone array wes in operation;
cighteeon flights were made by the Cessna 150, six of which were made on
three days shen the B0OO-fool array was being used, Because the ex-
pected wavelength of inversion undulations was on the order of 3000
feet of more, 1t 1s of primary interest to compare results with those
obtatned from the Bo00-foot array. This, however, was only in operation
on o total of eight dovs during the program. For remaining flights,
comparison w1ll be attempted with the data {rom the Site 9 microphone

array, in shich 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
orter to discern the orientation of existing wave structure. Figure 1
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~

jentation 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 ¢f 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 éhe 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 observatiocnal program during the Edwnrdp Phase 1] 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 detajiled, 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
micrcphones, 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-dinensional pic-

ture of the distribution and variation of overpressures.

D-3




AJvHL JYNLYHIANIL 40 FTawwxd O

S ONIQVYIH 1 ONIOVYIH M DONIAYIH
O5LL LYY OSLL LY OSLL Y

ko]  jaAfeacsmssn  paaamarca

S3Nw
s 0

ISdSPET-SFI1 ‘9961 INWIDIO 91

L1
N ONIOY 34
WOS1L Ly
é
—H.krlqaﬁ-.lﬂu..hu 0" (D2
"XOUddY
1IO0W

{d) DM




The turbulence data is based on wind speeds, inclination angles
and temperatures which were recorded on analog tapes in frequency mod-
ulation and digitized for computer use, Approximately 50 hours of data
were collected in conjunction with 96 sonic booms on 18 days, About a
third of these data wil) 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 i2, 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 vet 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

(i.e., wind and temperature variations, assuming horizontal homogeneity)
betwren 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 de applied to overpressures
computed by simpler means for the case of the Standard Atmosphere with

no wind. In general, for sircruft speeds of more than about Mach 1.3,
the fac¢tors duc to such ranger of both wind and temperature conditions
have been found (o be no more than 5 percent, indicating thot the ef-
fect of the atmosphere as g whole was essxentially negligible for higher
kach numbers.
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In cons~udering the possible runges of overpressure variability to
be expectied from 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-
hance input amd the manner in which it is transmitted through any given
atmosphere from source 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 progrum, with appropriate correction, has been used initially
in the computation of surface overpressures for 14 selected cases ot
8-58 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’cnmparsd with the
mean of the observed overpressures for the basic cruciform network, and
in all cases the observed (mean) overpressures were greater than the
computed values. The ratio of observed to computed overpressures,
aPanPC. varied from 1,02 to 1.69 with a mean of 1.34 and a stundard de-
viation of .19, A similar comparison was made with overpressures com-
puted for the Stundard Atmosphere with no wind; and, except for two
cases, the vbserved 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 diameirically opposed to the find-

| . 1
ings of other investigators,

The program was also used on the same 11 cases to iook into the
relative effects of temperature und wing separately on the value of the

computed overpressure by considering only the ubserved temperatures sith

o —

! Proceeding~ of the Seontc Boom Syapostum, November 1965, pp. 826-30.
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no wind, and also by using the observed winds with the Standard Atmos-
phere, It was found that while both temperaturg 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 tailwihds) 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. Statlistical 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 ot the tropopause, and the mean temperature and wind.
Data used were taken from the B-58 flights of the Edwards Air Force Base
Phase 1 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 exsmined 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 ‘he depth of the mixing layer. Bqth can be considered
possible measures of low-level turbulence, resching a maximum in the
wvarmest 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 [ 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.z) and standsrd errors of the mean.
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Table D-1

ANALYSIS OF SONIC BOOM OVERPRESSURE VARIABILITY AS
A FUNCTION OF ATMOSPHERIC CONDITIONS

f}_l.gkt‘ Relative to:

Maximum Wind Laver
Abuve
Within

Boelow

Tropopause
Above
Within Luyvers

Below

Mean Temperalare

Warm Days {5)

Conl Days {5)

Moean Wind

Stroag {(lo-50 k.,)

Moderate {25-40 k)

weak (10-35 K.}

Number of Flights

10
3

p-i0

Standard Deviation
of Peak Overpressure
(1b./ft.%), and
Standard Errors of
the Mean

27 + 10
.26 + .03
24 » 03
2L - .u3
.23 ¢ .05
.32 -« Lol
21 2 04

.25 = .03

27 - U5

22 - 02




2. Maximum Wind Layer

There is a slight indication that overpressure variability is
greatest whea 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. [t was also noted that the 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 variablility
for these two groups indicated very lirtle effect of overall tempera-

ture departurcs from standard.

5., Wind

Aralysis 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 ol mean observed

overpressures. This is in agrecement with theory and past {indings.

These results are not conclusive, duce mainly to the extreme scatter
or variability in the peak overpressures within the nctwork for any
givea boom, Trends are i{ndicated, however, and arc generally consistent
with earlier findings. Although continucd, simjilar examination of the
Phase II data should be pursued to validate and possibly clarify these
trends, it would appear that the overall effects of the atmosphere can-

not be entirely neglected in the determination of overpressure variability.
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Annex E

SEISMIC MEASUREMENTS OF SONIC BO(NSI

1  INTRODUCTION

As a part of the current Government program t0 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,

11 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 0.1g (980 mm/second®) in the frequency range between 1 and 20 cps
arc considered to be above the safe range. A newer criterion in th: “energy
ratio, " defined as[Pe°§r:°§:1°{“‘°"§. The energy ratio damage threshold

is defined as 3 [Ieet/secgnd?E{ The latest criterion and the criterion cur-
rently recommended by the U, S. Buresu 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 [./sec]. This new criterion agrees
very ‘well with the earlier encergy ratio criterion. At this level of ground
velocity, damage may begin in the weakest purt of a structure; that is, plas-
ter may crack. If the measured ground motion is below this level, courts

in many states may reject damige claims.

lPrehmimry tata for NASA Langley Research Center under Contract
NAS1-63-12.

o

zThc main difference iy that the surface particles revolve in a vertical
retrograde orbit in Rayleigh saves, but in a vertical prograde orbit in
ocean gravity waves.
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Figure | shows some portable seismographic instruments similar to those
used in the sonic boom program. Seismometers operating both in the ver-
tical and horizontal orientations are used to measure all the components
of grouynd motion, Duta are recorded on ¢ visual recorder and on magnetic
tape to permit luter analysis by computer., Means of electrically cali-
brating to seismomelers are provided, Calibration is performed daily in
the field to check small varistions in system sensitivity caused, for ex-
ample, by temperature chonges. Field calibration is performed by sending
a known amount of eclectric current through the seismomefer 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, 5. Bureau of Stendards.

Figure 2 shows onc of several kinds of deep well scismometers [Shappee,
1963] currently in use at Govermment seismic observatories {Gudzin and
Holle, 1962]. This instrument is protected by a pressurec case so that
it can be lowered into inactive oil wells for menitoring motions of the
earth as far as 10,000 feet below the surface. The deep-well instrupment
is coupled firmly to the well casing by means of the elecirically con-
trolled wedging lock shown protruding from its side. Using such instru-
ments, we plan 1o measure the effect of son:: booms upon ground motion
at various depths in the earth, to obtain a better understunding of the
types of waves involved and how they travel through the ground.

I1I SEISMIC WAVES FROM SONIC BOOMS

Figure 3 illustrates, in g simplified manner, the conical shock wave
developed ot the nose of o supersonic aircraft, and its interaction with
the ground {the tail shock has been omitted for simplicity]. Such a shock
wive is reflected from the ground like any other ucoustic wave, and over
99 percent of the energy returns to the atmosphere, because of the large
density and velocity contrast between earth und air. In instances where
the density and seismic velocitics of the ground are high, as in hard
rock. less vnergy is coupled into the ground than in inxtunves in which
the earth is soft, of low density, and low velucity. Hence, we can ex-
pect to find a dependence of the seismic effvets of sonic booms upon local
geology,

Ax shown in tigure 3. the pressure exerted by the sonic boom shock wave
produces @ moving vertical force and moy alsc generate a horizontal force
it the ground is rough or irregular, Theory udicates tiany & moving ver-
tival torce should geserate o surface wave moving ut the same speed as the
#ireralt, of a lrequency determined by the vertical velocity distribution
in the varth,  The amplitude of the surface wave sy be especially large
tf the aireraft speed and the fundamental freguency of its N wave happen
to matoch the loval geology.,  This posstbility s under study,




Secondarily, as the shock wave travels along the surface, irregularities
and variations in density and ground hardness which it encounters may 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. 1In 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
pracursor can be clearly seen to exceed the level of the background noise
about 4 seconds before the arrival of the sonic bcom at the same location,
as indicated by the micrebarograph.

IV ' 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 seis-
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 Mach 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 [R1] and trans-
verse [T1], seismograms, respectively, ut the center station, Channel 4
(v31] is the output of the vertical seismograph located nearer the center

of the dry lake, and channel 5 [VX] is that of the vertical seismometer
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




air overpressure recorded at each site and the resulting first downward
peak of ground velocity are noted above and below the proper channel.

Two distinet freguencies can be readily identified, A frequency of about
60-7¢ cpy corresponds in time to the passage of the bow and stern shock
wives., A damped sinusoidal wave of lower frequency can be seen best on
channcl 4 “underlying” the high frequency motion and arriving at the same
time as the boom. The orecursor waves arc present in the magnetic-tape
recording but cannot be seen in figure B because of the low amplification
used to display the main peaks without distortion.

The lower-frequency motion is tentatively identified as the theoretically
predicted, shock-coupled, fundomental Ravieigh wuve., The nature of the
higher frequency motion is not fully understood at this time. It may be
either; {1] the movement of the ground due to the direct application of
the shock waves, or [2] a higher mode shock-coupled Ruyleigh wave., In
all flights revorded, a larger ground velocity is observed in the lake
bed cluy 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 chiel difference between this seismogram and the F-104 seismogram
ftigure 7] is the lurger 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 on XB70 overflight. The aircraft
was flying at an altitude of 60,000 feet and a4 speed of Mach 1.BO. Again,
the chief difference from the preceding records is the larger time inter-
vitl hetween the two onsets of high frequency motion,

Fipure 10 shows the relation of peak positive overpressurs to first peak
ground velucity recorded by instruments locited on the dry lake bed, and
frgure 11 shows a similar relation for the station on the rock outcorp.
These preliminary results indicate o lineur relotionship between maximum
postlive overpressure and iirst peak ground velocity for both the clay
and the rock. Figures 7, 8, &, and 10 3lso show that the ground motion
for a given overpressurc is vonsistently grester in the lake sediments
thian in the rock, as predicted by theory,

Figure 12 shows the relation ol maximum positive overpressure to the
maximum ground selocity associated sith the lower frequency motion tent-
atisely tdentelicd as a voupled Ravieigh wave. These preliminery data
soere ubtatned from instruments located on the lake sediments.  They also
tncdteate o linear ncredasxe 0! ground motion with overpressure, snd shom
that the Joe-treguency ground velocity s less than one-third as large as
the high-freguency groumd selwo iy,

The values o ground welovity obtsined for the rether limited range of
merprooures atathible are ssmall compared with the most relisble exti-
mile of the damage threshold.  The maximum value of ground velocity shich




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 emphrsized 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 feei. 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 bhe 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. 1 SOME ELEMENTS OF A MIGH QUALITY PORTABLE SEISUOGRAPH SYSTEM

E-§




FIG. 2 INSTALLING A SENSIT!VE SEEP-WELL SEISMOMETER
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Annex F

ENERGY SPECTRAL DENSITY OF SOME SONIC BOOMS

1  CONCEPT AND DEFINITION OF ENERGY SPECTRAL DENSITY
*
In previous work, cnergy spectrul density (ESD) has been proposed
as a method for representing the {requency-intensity properties of the

sonic boom. The definition of the ESD function as used heretofore is:

+

P | = II p() ¥ gl ez ey cas 1)

where p(t) is u real-valued time-varying pressure associated with a
transcient phenomenon, such as the sonic boom, and 1 is angular velocity
(22f). To calculate the physically measurable energy E(wl. mz) in a
specified frequency band between frequencies fl and f_ the following

2
integration is performed:

W = 2-f-
E(wl,mz) =4 !P(w)! dw 0 -y

o = 9. .
ml = z_fl

w, .- (2)
w2

For the ideal N-wave, with duration D ana smplitude P, as shown in

Fig. 1, spectral asymptotes have been culculated.1 These asymptotes,

when applied to the relation in Eq. (2) are:

. , N
JPT D gt
Alo\x = —-Ti' )
‘3
1€ .
A = e
med Jz S

A typicai spectruin of E(y) for the tdeal N-wave is sketched in log-log
form, with asymptotes indicvated thereon, in Fig., 2 The low-frequency
and medium frequency asvaptotes have slopes of +6 dB vctave and -6dB;

octave, respectively,

*J. R. Young. "Encrgy Spectral Density of the Sonic Buom,™ J. Acoust.
Soc. Am. 40, 496-198 (1966)
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If the sonic boom is assumed 1o have a nongero rise time, Tr’ as

in Fig, 3, further analysis shows that a third asymptote must be cal-
2

culated to account for the high-frequency behavior of E{y) or IP{w}I .

This asymptote has been tound to be, for E{u)

. {5)

Thus, for the wave iliastrate& in Fig., 3, the corresponding plot of
E{s) is that in Fig., 4, where the high-{requency asymptote has a slope
ot =12 dB/octave and the remaining two asymptotes have -6 dB/octave

«lopes as before,

By equating the relations for asymptotes, two intersections ecan be
solved tor, one of shich is the frequency, fp, and intensity of E{w) at
b’ and intensity, Eb’ at
which the spectrum begins to roll off at -12 dB/octave., These relations

1ty peak, Ep, the other being the frequency, |

N3 414

0.552

Peak fregquency, {p == )
2 .2 2
Peak intensity, Ep =3 tP b . N

In Eg. (7} an extra foctor of 2 is implicit, This factor takes into
scesunt the reaslization that the asymptotic solution at the frequency
ip vields an energy that is twice the actual energy calculated by using

an exzel expression tor E().

1
Breakpoint trequency, ttx = --;lt . {8)
2z 2
Breakpommt inteasity, Eh = i 5P Tr . {9)




I1  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 211 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, Tr’ as read by NASA personnel from time-amplitude tracing record-
ings at the Edwards test site. The table also contains calculated values
for AP and Tr’ designated APc,and Tr e These values were obtained by

’

using Ep and fb from computed energy spectra as follows:

& == /Tg (10)
c D "=
5 P
T =4 (1)
r,c nf

is a smoothing of the

1

computed spectra by ideal asymptotes that, in turn, are used to define

Implicit in the calculation of APc and Tr

Ep and the break-frequency fb'

Table 1

COMPARISON OF SONIC BOOM PARAMETERS MEASURED FROM
TIME-AMPLITUDE TRACINGS AND THOSE CALCUIATED FROM
ENERGY SPECTRA IN FIG. §

Values Obtained From
Time~-Amplitude
Tracings (NASA)

Values Calculated from Com-
puted Energy Spectra Using
Eqs. (10)and (11;

Alrcraft AP Tr ,APc Tr,c
F-104 2,29 ps{ 0.0040 sac 2.32 psot ¢.0N47 sec
B-58 2.29 psf 0.0040 sec 2.49 psf 0.004]1 sec
XB-70 8.32 psf 0.0055 sec 2.19 ps? 0.005]1 sec
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For this limited pumber of cases (air agreement and consistency
appear between pressure-time parameters extracted directly from a time-
amplitude plot and the same parameters calculated f{rom computed cnergy
spectra of the same time-amplitude plot. particularly in the case of
the valucs APC. it appears that unve-roundihg and spriking at the N-wave
peaks seem to be smoothed and an "offective” value of AP is obtained.
General agreement between Tr and Tr,c is appatrent, though grossness of
these particular encrgy plots does not permit a precise measurce of fb'
Moreover, the spectra fail, as expected, to follow esactly the regular
theoretical asymptotes, and this creates uncertainty in defining an ex=
act fb. Nevertheless, agrecment between Tr and T‘_,C socms reasonably

good.

Figure 6 shows five pressurc-~time and cnergy spectrum plots for
Mission 123-1, which was Tiown by a B-58 aireraft at 47,600 ft MSL, Mach
1.51, and offset left of the prescribed track 4900 [t. The basic duta
were also derived from live 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 nvent or flight when
monitored by five closely spaced microphones (the arms of the cruciform
were 200 ft long, with microphones spaced 100 ff apart ). For this
case, the range and average deviation from the median for AP, 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 1.34 dB, respectively. The other energy
measures for this event lie within the upper and~1ower limits of the

energy statistics quoted.
111 ANALYSIS OF TOTAL ENERGY 1IN CERTAIN FREQUENCY BANDS

Energy spectra have been determined for 16 B-58 missions (four on
8 December 1966 and 12 on 8 Novemher 1966) and for four missions (2
XB-70, 1 B-58, and 1 F-104) on 3 January 1967. For cach mission the
five NASA cruciform microphone channels were analyzed by finding total
energy for each channel and cach sonic yoom, and total energy in each
of six frequency hands: v-0v Hz, 10-30 Hz, 0~200 1z, 0-1000 Hz, 20-200

ltz, and 20-1000 Hz.

-
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By way of checking the accuracy of the energy spectral computations,

total energy was derjved in two ways: first by direct computation using

P2
E = JP (t) dt  , (I is a time interval con- (12)
1 taining the sonic booan)

and second, by

fuax .

E =] ED a1 €13)

fnin
where fmin and fmax were the extreme frequencies for which the spectra
could be calculated owing either to sample length (approximately 0,80
gec) 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 Fq. (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 parf}cular
N-wave can be obtained by assuming that the wa'e is an ideal wave with
negligible rise time and with AP and D as measured.

Ef = AP -g- . (14)

For the cases considered here tuis estimate is, and should be, conni;~
tently higher than actual values by 10 to 20 percent. Nevertheless,
2q. {14) can be used as a rough check for more precise values.

Table 2 contains summary statistics for 16 B-38 flights whose
nominal flight parameters were 48,000 ft sltitude, Mach 1.85, on a track
directly over the NASA cruciform array. Only slight deviations from
these parameters on a missjon-to~mission basis were found from examinas-
tion of the official log of the Edwards Exveriment, and it is felt that
the flights were sufficiently close to nominal conditions to permit sum-
marizing the data as shown,

F-13




Table 2

SUMMARY STATISTICS OF 16 B-58 FLIGHTS ON 8 NOVEMBER 1966
AND 8 DECEMBER 1966, FIVE MICROPHONE CHANNELS PER FLIGHT

Average ot

Moedian Vilues

Range Over 16
Flights of Med-

Ave. Deviation of
¥edians for Five

Purameter | tor Each Flight| ian Values of 5 | Average |Mi~rophones for
for the Five Microphones per Range Each Flight from
Mivrophones Flight Median 16 Flights

LP 1.75 pst 5,146 dB 2.045 dB 0.705 dB

Eo-50 Hz 119.46 dB 4.120 dB 1.240 dB 0.423 dB

EQ-EGS 118.53 dB 4,170 dB 1.305 dB 0.422 dB

Eﬂ—lﬁﬂﬁ 119.63 dB 4.171 dB 1.305 dB 0.422 dB

EZﬂ—lOﬁﬁ 106.441 dB 7.930 dB 2.640 dB 0.880 dB

E20-z00 106.32 dB 8.340 dB 2.620 dB 0.890 dB

£i§-3ﬁ 109 81 dB 5.240 dB 1.610 dB 0.5980 dB

Eiﬂial 119.54 dB 4.171 dB 1.246 dB 0.370 dB

* Energioes were computed by converting AP in units of psf to units of
04,0002 ,Bar,

In Table 2 euch measure was determined four each of five micro-

phone channels for each f{light,

flight were used to compile the statistics.

ad medians of dB readings for each

The average deviation from

the median, listed in the extreme right column, is thus the quantity

shere xs

1
Average deviation e =

16 5
16 [ .
1 1

{15)

s one of four measures of o parameter expressed in dB differ-

ent from the moedian, and xa 1s the median cxpressed in dB of the five

vhannels for the [light and parameter under consideration,

LP is the

pras overpressure obtained [rom the digital records used lor computation.

The range of median values s taken ax being across all flights and all

F-14




channels, and the average range i= that for all flights on a flight-by-
flight basis.

The data seem to indicate that AP 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 'l‘r 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 NASA CRUCIFORM ARRAY, USING THE
SPEARMAN RANK CORRELATION COEFFICIENT, r

Parameter AP Correlations, N=16 Tr Correlations, Ne=ld
r Significance of r r Significance of r
- | -
0-50 0.7873 Ir'%‘ = 0,426 0.4464 l’.ssl = 0.441
E .
0-200 0.8529 |r_975| = 0.497 -0.4964 |r_975l = 0.514
Eo-1000 | 0.8529 | |r .| = o0.574 -0.4964 | |r .| = o0.502
.99 .99
E
20-1000 | 0.9132 |r.995| = 0.623 -0.7460 I'.sssl = 0.641
E
20-200 | 0.9221 I* ggpsl= 0-742 ~0.7460 | |r oo |= 0.760
E10-30 0.8441 ' -0.49329
Biotal 0.8520 -0.4964

In Table 3 r is a statistical measure of the dependence of an en-
ergy parameter and 4P or Tr‘ Higher values of r indicats 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 = 0.426 implies

LL]
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that a value of r equal to 9,126 or greater could occur by chance when
two variables are actually uncorrelated or independent five times in
100 trials of sampling the paired variables 16 times. In the table,
16 pairs are availuble for AP correlations, and 15 pairs for Tr; herce,

the r values have different interpretations as shown,

Though all the energy measures are highly correlated with AP

{r - r,gggs}’ the highest correlation occurs in the energy hand 828-1836
and 320-286‘ Correlations of energies with Tr are considerably less,

though still gquite high except for £€ . where r is but slightly greater

3= 50

than r Aguin, however, the highest correlations occur with Tr and

0.95"

r . is . i ine 4 _— . i L
Ezu_zuo o Egg-lgﬁu‘ which is not surprising in view of the analysis and
results presonted previously in Sections I and II. The relatively high

correlation vetween Tr and EG is somewhat surprising until the also

- 50

high correlation between AP und Tr is computed, -0.6107 for N = 135,
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 purameters.

The last three missions in the table are comparuble with regard to
AP and its statistics and allow some comparisons between the XB-70 and
either the F-101 or the B-58 . Though the ﬁata4are limited in quantity
il would appear that the results are consistent with theory and other
available data, It is inleresting to note that for Eiu-ﬁﬁ the F-104
atrcraft has o higher value than either the XB-70 or the B-58. Upon ex-
amination ol several energy spectra samples, this result seems to be due
to the spectral lobe distribution patterns of these aireraft and is

probably a consistent dijiference, other things {such as 3P} being equal.

1V SUMMARY AND COSCLISIONS
Energy spectra have been computed and summarized for 16 B-58
flightx on 8 November 1966 and 8 December 1868, and for four {lights on
3 January 967 invelving XB-70, B=58, antd F-101 aircrait., For each
flight, =pectra sere messured {or each of {ive microphones in the NASA
cruciform array, Thus, a totasl of 00 energy spectra was oblained and

ESHEE T S F I N
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Theoretical properties of the energy spectral density function of
the sonic boom have ﬁeen 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 AP occur in the energy
measures 520_260 and £20-1388; EQ_SB 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.pearer, though still significant;-
E amd E,

20-200 201000
least with rise tinme,

correlate best with rise time, and EG-&G correlates

For three cémparable 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 contontl by what appears to be something in ex-
cess of 2 dB relative to the XB-70. This particular result is consistent
with the encrgy-spectral-lobe patterns of the sonic bhoom spectra of these
aircraft, that in turn is associasted with the differing sonic boom dur-

ation paramcters.

The least variability among the five microphones is obscrved in the

E the greétest vari-

Snergy measures Eﬁ , and E

-50" Fo-200, Fo-1000' 2™ Egotal’
ability is observed in oP awd the energy measures Eza—zﬁo and gze-zeoa'
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Annex G
Part 1

RESPONSE OF STRUCTURES TO SUNIC 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., termine 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 booins from F-104, B-58, and
XB-70 aircraft. The overflight program provided for different levels

of overpressure as well as overhead and of[set 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 obtatned
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
certafn 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
wus selected as a structure with a representative long-span rouf, In-
struments were installed to measure the response of the roof structure

and the building frame to sonic boom.

For the first fewv 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 s large lateral distance from the test
structuyre, Measurements were not recorded after the first few weeks
because of the minimal information obtained. Due to the large lateral
displucement of the aircraft and generally prevailing windy conditions,
the boom intensities and structural resgctions were often masked by nat-

ural phenomena,

The report uresented 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 §eceived and inves-
tigated, and the results of a pre-test flight survey of glass windows
at Edwards AFB. - '

Three busic types of sensing instruxents (transducers) were in-
stilled: wmicrophones, accelerometers, cnd strain gages. Microphrnes
were used to measure uvargreﬁsuras.st ground level near the instrunented
structures (free field signatures) sné to measure exterior and interior
overpressures on structural elesents {loading signatures). Accelerometers
Jnd yirain gages were used to messnre the response or reaction of the
rtructurer and selected structural elements. Each instrusent was selec-
ted to be compatable with the chararteristics {frequency response and
x1ze) uf the structural eloment. Annex A, Test Operations Plan, pre-

svpts a detatled description of the instrumentstion,
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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 paper. 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 oscillogaaphic records of rise time (time required for boom
overpressure tc reach a peak positive value), peak positive and nega-
tive overpressures, and boom rduration. A more detajiled 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 {loor load,
where the intensity or pressure of the load does not vary for long peri-
cds 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 dynamic 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 dynasic load sre 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 stiructure are replaced by equivalent
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static loads that produce the same deformutions or stresses as the dy-
namic louds, 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
loud, These models are based on the assumption that the structure can
be represented by an idealized single degree of freedom-damped systenm;
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 xelstionship between the dynamic load and an equiva~-
lent static loud. This relationship is expressed as the ratio of the
cquivalent static load to the dynamic load, or Dynamic Amplification
Factor (DAF). 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 cften plotted ss a spectrum, see Figure G-1., These curves
represent the values of DAF calculated for structural elements with 2%
eritical damping with o.range of natural freguencies from 0.5 to 50 Hz(cps)
when subjected to an applied loading of a sonic boom Newave, Note that
as the duration of the sonic boom increases, the DAF spectrum curve is
shifted to the left on the graph. Since larger sircraft produce sonic
booms of greater duration than do smoller aircraft, it can be seen that
sonic booms {rom large aircraft such us the XB-70 and future 88T will
affect a greaster range of structural elements than will smoller sircraft.
The DAF spectrum curves in Figure G-1 were dotermined from free field
signstures for o number of overhead flights of the XB-70, B-%8, and F-104
aireraft flown during Phare II. The curves are drawn as envelopes of
the DAF for each aircraft, that is, all of the DAF curves for the over-
head mixsions listed in Table G-1 were plotted and then curves drawn
through the maximum and minimum values for each aircraft. The DAF spec-

trum tor overhead XB-70 {lights flown at Mach 2.5 closely corresponds
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to the envelope for the XB-70 in Figure G-l1. 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 microphornes to House E-2 tis shown in
the Plot Plan. Figure G-3 shows DAF spectrum curves determined from
loading signatures recorded on the extérior 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 E-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 preseants DAF spectrum curves for the net overpressure
loading on the east wall of 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 signsture from the exterior overpressure
signature. For 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-J are compared it can be seen that
near the natural frequency of the Dining Room wall (20 Hz) the DAF spec-
trum curves for the free field signature, exterior loading vn the house
and the net overpressure on the wall are in general agresment. For nat-
ural frequencies of 3 to 8 Hz, the DAF spectrum for net overpressure
indicates greater amplificetion of the overpressurv produced by the
B8-38 and the DAF spectrum for the XB-70 shows s similar bhump for the
frequency range of 2.5 to 4 iz. The DAF spectrua for F-104 net loading
also shows a similar hump for the Irequency range of 20 to 40 Hz. The

lcwer frequency ranges are important because the natural frequencies
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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~Z 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 ¥B-70, B-538, and
F-104 atrcraft during Phase TI, is shown in Figure G-6. Figure G-7 shows
comparat ive racking displacements for the XB-70, B-58, and F-104 during
Phase 1.

Accelerometers were also located on the east wall of the Dining
Room and north wall of Bedroom BR-1 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-1 is on the second floor immediatelf above., An accelero-
meter was alsc mounted on the east wall of Bedroom BR-1 in House E-1.
Figures -8 through G-13 show accelerometer records and corresponding
displacements for typical XB-70, B-58, and F-104 missions for the east
wall of the Dining Room in E~2. Figures G-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-1 in E-l are similar in shape but slightly less in magnitude be-
cause the E-1 wall fs smaller and therefore less flexible than the corres-
ponding wall in E~2Z. The displacements éf the north wall of BR-1 in E-2
are also similar to those for the Dining Room. Figure G-17 shows the
displacement of the center of the north wall of BR-1 in E~2 for XB-70 and
F-104 flights during Phase I and the displacement of the esst wull of
the Dining Room in E~2 due to a B~5B boom during Phase I. Table (-2 lists
the maximum displacements of the Dining Room east wall in E-Z and BR-1

caxt wall in E~1 for a number of Phase I! overhead flights,

TYPICAL RESULTS
The measured values of wall displacements were compared with values
prodicied by using values of DAF taken from spectra curves determined

from free ficld signatures and net pressure signatures on the E-2 Dining
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Table G-2
MAXIMUM PLATE DEFLECTIONS FOR OVERHEAD FLIGHTS

Channel 202: E. Wall, BR-1, 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 2.2 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 -




Room and BRI, E-1 waiisi* The comparison of predicted ver-us measured
displacements are shown in Figures 6-18, G-19, G-20 and G-21 (see Tahle
-3 for missions analysed). The displacements predicted using DAF values
determined from free field signatures and peak positive overpressures from

these 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 garape of E-1 for a number of XB-70/B-58/F-104 flights,
see Table G-1. A strain gage was located at the center of the window,
sev Figure G-22. Strain displacements at the center of the window and
the corresponding pressure signatures for three typical missions are

shown in Figures ¢-23, G-24, and G~25. 1t is evident from the strain

‘ records that the window response to sonic hooms from the flights was pri-

marily in the first mode of vibration. On the strain records for the
F-1004 and XB-70 missions the second svmmetrical mode, which corresponds

to two vertical nodal lines at the third points of the window, was alsc
present {Figure (=26). The amplitude cf the second mode strain was less
than +20 percent of the first mode strain which means that the corres-
ponding displacement amplitude was 1.7 pervent of the first mode displace-

=al.

Predicted deflections of the window were plotted versus measured
detlections in Figure 6-27. The predicted deflections were calculated
using DAF calues from spectra curves derivee from free field signatures
together with the corresponding free f{leld peak positive overpressures.
As the large window was located on the side of structure away from the
fabound boem pressure wave, a trailing vector factor was used in the cal-

culations to reduce the free field peak overpressyrc vaiues.l

Kacking divplavements at the roof lines were negligible (less than
Y when F-1 oand F=2 were subjected to booms in the order of 2 pxf.
the ravking displacenenty vaused by F-104 and B-58 missions with similar
pedh overpressures were generally larger than those due to XB-70 missionx,
Several factors caused thix trend in response; signature duration, air-

cratt speed, and builiing length, all of which affect the act pressare
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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, 6-29, 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 spesd
of the aircraft) was 0.927, 0.031 and 0.033 seconds for the XB-7(, 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 coasiderably smaller deflections, as would be expected.

In the light of these facts, it {s 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 XB-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

accur.

DAMAGE COMPLAINTS AND INVESTIGATIONS
Edwvards AFB is located near s 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 cnginecring {nvestigator inspect each complaint. In addition, s sur-
vey was made of all glass vindows i{n structures at Eduards AFB prior to
start of test flights {0 order to establish a falirly reliable basis for
determining what glass damage was caused by sonic booms produced by the

test program,

There are 1,730 windor panes, including glass doors, in the resi-
dentisl structures and 80,660 panes of glass in the other buildings on
a-1-18
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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
threc 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 builldings were received during the

test program,

During the June 1966 overflights all B-58 supersonic flights were
flown in a racetruck pattern, that is, the craft made two 180% 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 39% of all complaints received were for alleged glass
dumage, 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 Jamage 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, Afte; investigation, seven of the complaints appeared
te be for dumage triggered by o sonic hoom with two bric-s-brac complaints
apparently caused by SR-71 flights thut occurred on days when no test
program {lights were flown, The structural damage complaint and 1he
une for glass domage did not appear to be for dumage that coulc bose
been caused by u sonic boom, ]t yeems reasonsble that the major resson
fur the decrease of damage complaints during the latter phase of the
program ix the fuct that only the XB-70 flights continued at supersonic
spovit siter passaing over the test structures on the Base, All B-58 and

F-1td tlight< slowed to subsonic apseds shortly after passing over the
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test structures. No discernible damage f{rom sonic vooms was observed

in the test structures on the Base.

Appendix G-2 discusses in detail all complaints received during
Phases 1 and 11 of the Edwards Program, the results of investigatiouns
and the number of claims paid., Appendix G-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. If 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 aircrait 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 urcertainty. However, when
stotistical methods are used in predictions, this uncertainty is ex-
pressed as a probability, To obtajin 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 randomhess 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 piedict 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.

SIMMARY OF RESULTS

The analysis of structural response data and the investigation of

the methods for predicting structural dumage are in progress. The pre-

liminary findings are as follows:

i

-

Sonic booms from large aircraft such as the XB-70 and the fu-
ture SS8T will affect a greater range of structural elements
thun 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,

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 of 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.

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 gl#ss damage
were reported that could be attributed to sonic booms from

the test {lights.
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Annex G, Part 1
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 nfter review of many different house plans, Two houses were
selected, Nntional 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
bnths, livine room, dining room, kitchen and fomily room with a total
living area of 1,905 square feet. Model 9855 is o one-story home with
three bedrooms, two bnths.‘livlng room and kitchen dining-family room

with a2 total living area of 1,205 square feet.

Upon receipt of approval of the Contracting Officer a Notice to
Proceed with construction of fhe 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 recogd construction tech-
niques and progress. The basic construction materials are listed in
Attachment A, The construction of the houses at Edwards AFB included
the