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Preface and
Acknowledgments

Quieting the Boom: The Shaped Sonic Boom Demonstrator and the Quest for
Quier Supersonic Flight follows up on a case study I was privileged to write in
early 2009, “Softening the Sonic Boom: 50 Years of NASA Research.” That
relatively short survey was published in volume I of NASAs Contributions to
Aeronautics (NASA SP-2010-570). Although I was previously familiar with
aviation history, initially, I was hesitant to take on what seemed to be such an
esoteric and highly technical topic. Thankfully, some informative references
on related supersonic programs of the past were already available to help get
me started, most notably Erik M. Conway’s High-Speed Dreams: NASA and
the Technopolitics of Supersonic Transportation, 1945—1999, which is cited fre-
quently in “Softening the Sonic Boom” and the first four chapters that follow.

After a 2-year hiatus, I resumed sonic boom research in March 2011 on
this new book. I greatly appreciate the opportunity afforded me to write
about this fascinating subject by the eminent aviation historian Dr. Richard .
Hallion, editor of NASAS Contributions to Aeronautics and the new National
Aeronautics and Space Administration (NASA) book series of which this one
is a part. While expanding, updating, and, hopefully, improving on my previ-
ous account, this book’s primary focus is on the breakthrough achieved by the
Northrop Grumman Corporation (NGC) and a diverse team of Government
and industry partners who proved that aircraft can be designed to significantly
lower the strength of sonic booms.

My research into primary sources benefited immeasurably from the help
given to me during visits to the Dryden Flight Research Center (DFRC),
Edwards, CA, in December 2008 and April 2011 and additional telephone
and e-mail communications with DFRC personnel. Librarian Dr. Karl A.
Bender introduced me to NASAs superb scientific and technical information
resources and, assisted by Freddy Lockarno, helped me collect numerous essen-
tial documents. Aviation historian Peter W. Merlin found other sources for me
in Dryden’s archival collection. Edward A. Haering, Dryden’s principal sonic
boom investigator, provided valuable source materials, answered questions, and
reviewed the chapters covering his projects. Fellow engineer Timothy R. Moes
and test pilots James W. Smolka and Dana D. Purifoy helped with additional
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information and reviewed sections of the draft. Dryden’s superb online image
gallery provided many of the photographs, and Tony R. Landis provided me
with others from his files. Also at Edwards Air Force Base, CA, the long-time
Flight Test Center Historian Dr. James O. Young provided me with additional
photos and later reviewed and made helpful comments on the first chapter.

Writing a credible history about this subject would have been impossible
without extensive help from two of the world’s top sonic boom experts—
Domenic J. Maglieri of Eagle Aeronautics and Dr. Kenneth J. Plotkin of Wyle
Laboratories—both of whose names are scattered throughout the text and
notes. In addition to reviewing and commenting on drafts of the chapters,
they answered numerous questions and offered valuable suggestions both over
the phone and via the Internet. The second and third chapters also benefitted
from being reviewed by one of the pioneers of sonic boom theory, professor
Albert R. George of Cornell University. Dr. Christine M. Darden and Peter G.
Coen, who in turn led NASA’s sonic boom research efforts after the mid-1970s,
also provided information and reviewed my original study. Peter Coen, who
managed the Shaped Supersonic Boom Experiment and has been the principal
investigator for NASA’s Supersonics Project since 20006, continued to help on
this book. His comments, corrections, and guidance were critical to complet-
ing chapter 9. Because this final chapter attempts to bring various facets of the
as yet unfinished quest for civilian supersonic flight up to date through 2011,
its discussion of recent events should be considered provisional pending the
availability of more information and the historical perspective that will only
come in future years.

For transforming my manuscript into both a printed and electronic book,
the author is indebted to the staff of the Communication Support Services
Center at Headquarters NASA, especially the careful proofreading and edito-
rial suggestions of Benjamin Weinstein and the attractive design of the final
product by Christopher Yates. Because many of the historically significant
diagrams, drawings, and other illustrations found in the source materials were
of rather poor visual quality, I greatly appreciate the efforts of Chris and his
graphics team in trying to make these figures as legible as possible.

The Shaped Sonic Boom Demonstrator culminated four decades of study
and research on mitigating the strength of sonic booms. Writing chapters 5
through 8—which cover the origins, design, fabrication, and flight testing
of this innovative modification of an F-5E fighter plane—was made possible
through the auspices of the Northrop Grumman Corporation. As is evident
in the text and notes, the NGC’s Joseph W. Pawlowski, David H. Graham,
M.L. “Roy” Martin, and Charles W. Boccadoro generously provided informa-
tive interviews, detailed documentation, and valuable comments, and they
patiently answered numerous questions as I researched, wrote, and coordinated
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these chapters. I would also like to thank Robert A. “Robbie” Cowart of
Gulfstream Aerospace Corporation for his review of the section in chapter 9
on the company’s Quiet Spike invention, which subsequently demonstrated
another means of mitigating sonic booms. And for his careful review of the
final manuscript, I am indebted to Dr. Michael H. Gorn, a former Dryden
Chief Historian and colleague of mine in the Air Force History Office.

This book is intended to be a general history of sonic boom research, empha-
sizing the people and organizations that have contributed, and not a technical
study of the science and engineering involved. Any errors in fact or interpreta-
tion are those of the author. For more detailed information, interested readers
may refer to primary sources referenced in the notes, many of which are avail-
able online from the NASA Technical Reports Server; through the American
Institute of Aeronautics and Astronautics (AIAA); and in the other professional
journals, periodicals, and books cited. I relied on graphs, charts, and drawings
in some of these and other original sources for many of the figures presented
in this book. Their quality and legibility was often not up to the visual stan-
dards desired in current NASA publications, but I believe including them was
necessary to illustrate the evolution of knowledge about sonic booms and the
related advances in aeronautical design and technology described in the text.
In the near future, NASA will also publish what will undoubtedly become the
definitive reference work on all aspects of sonic boom science and technol-
ogy, tentatively titled Sonic Boom: A Compilation and Review of Six Decades of
Research. Among its coauthors are some of the aforementioned experts who
have been so helpful to me.

LAWRENCE R. BENSON

Albuquerque, NM

January 14, 2012
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The F-5 Shaped Sonic Boom Demonstrator, piloted by Roy Martin, arriving over Paimdale,
California, on July 29, 2003. (Mike Bryan)
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A Pelican Flies
Cross Country

On a hot and humid July day in 2003, a pair of small supersonic jet airplanes
took off together from Cecil Field, a former naval air station on the eastern edge
of Jacksonville, FL. Even though the Northrop Corporation had built both
planes based on a common design, it was hard at first glance to tell that the two
aircraft flying side by side were so closely related. One was a sleek T-38 Talon,
a two-seat aircraft that has served as the U.S. Air Force’s (USAF’s) advanced
trainer since the early 1960s. The other was originally an F-5E Tiger II, one
of more than 2,000 Northrop F-5s that had equipped air forces around the
world with a low-cost, high-performance combat and reconnaissance aircraft.
Because of the F-5E’s agility and compact size, the U.S. military adopted it
as an aggressor aircraft to hone the skills of its own fighter pilots. Both planes
attested to the competence of Northrop’s design teams. Of all of the many
supersonic jets developed for the Air Force and U.S. Navy in the 1950s, the
T-38 and F-5 are the only ones still in general use.

Although on loan from the Navy’s aggressor training squadron, this par-
ticular F-5E no longer looked much like a fighter jet. With what appeared
to be a pouch hanging under its chin, the aircraft somewhat resembled an
overgrown pelican. In addition to lettering identifying Northrop Grumman
Integrated Systems, its white fuselage was decorated with sharply angled blue
and red pinstripes along with emblems containing the acronyms “NASA” and
“DARPA” while its tail bore an oval logo with the letters “QSP”

After gaining altitude, this odd couple turned west toward their ultimate
destination of Palmdale, CA. Roy Martin, the chief test pilot at the Northrop
Grumman Corporation’s facility in Palmdale, was at the controls of the F-5.
Mike Bryan, a Boeing test pilot from Seattle, WA, was flying the T-38. Despite
its enlarged nose section, the F-5 no longer had navigational equipment except
for a hand-held Global Positioning System (GPS) receiver in the cockpit, so
Martin had to stay near the T-38. Their first refueling stop was Huntsville,
AL, home of NASA’s Marshall Space Flight Center. Next, it was on to the vast
Tinker Air Force Base (AFB) in Oklahoma City, OK, where Martin and Bryan

ix



Quieting the Boom

The T-38 and modified F-5E together at Cecil Field, FL, before flying to California. (NGC)

spent the night. The next morning, they stopped to refuel in Roswell, NM,
at what had once been Walker Air Force Base, and then they stopped at the
former Williams AFB, southeast of Phoenix, AZ, before flying on to California.

At each of these stops, the planes attracted the attention of flight-line per-
sonnel and others nearby, most of whom could recognize the strange white jet
as some kind of F-5. But many of them still had questions. What's with the
big nose? Why is Boeing helping a Northrop Grumman pilot fly across the
country? What do those jagged red and blue stripes signify? And why all the
various logos?

Unlike alot of projects sponsored by the Defense Advanced Research Projects
Agency (DARPA), the one involving this F-5 was not classified. So the two
pilots were happy to explain that the F-5 had been modified for a test to be con-
ducted with the help of NASA called the Shaped Sonic Boom Demonstration
(S§SBD). It was part of a DARPA program called Quiet Supersonic Platform
(QSP). Although Northrop Grumman had won the SSBD contract, Boeing
and some other rival companies were also participating and would share in
the data collected. The goal of the SSBD was to do something that had never
before been accomplished: prove that it was possible to reduce the strength
of sonic booms. This experimentation was being undertaken in the hope that
civilian airplanes could someday fly at supersonic speeds without disturbing
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people below. The SSBD team was going to perform this demonstration at
Edwards AFB in the very same airspace where supersonic flight had its birth
more than 50 years earlier. The pinstripes on the F-5 illustrated the shape of
the pressure waves that the team had expected a normal F-5 and the modified
E-5 to register on special recording devices.

Since jet aircraft had been making sonic booms for more than halfa century,
why had this not been done already? Why had the United States, which could
land men on the Moon and invent the Internet, never been able to build a
supersonic airliner or business jet? With all the advances in science and tech-
nology, what is so complicated about the sonic boom that has so far defied
solution? Would the SSBD be a significant step toward finding a solution? The
rest of this book will attempt to answer these questions.

Xi



Bell XS-1 photographed on its way to becoming the first aircraft to exceed Mach 1 in level
flight. (USAF)



Making Shock Waves

The Proliferation and Testing of Sonic Booms

Humans have long been familiar with—and often frightened by—natural
sonic booms in the form of thunder. Caused by sudden spikes in pressure
when strokes of lightning instantaneously heat surrounding columns of air
molecules, the sound of thunder varies from low-pitched rumbles to earsplit-
ting bangs, depending on distance. Perhaps the most awesome of sonic booms,
heard only rarely, are generated when certain large meteors speed through the
atmosphere at just the right trajectories and altitudes. On an infinitesimally
smaller scale, the first acoustical shock waves produced by human invention
were the modest cracking noises caused by the snapping of a whip. With the
perfection of high-powered explosive propellants in the latter half of the 19th
century, the muzzle velocity of bullets and artillery shells began to routinely
exceed the speed of sound (about 1,125 feet, or 343 meters, per second at
sea level), producing noises that firearms specialists call ballistic cracks. These
sharp noises result when air molecules cannot be pushed aside fast enough by
objects moving at or faster than the speed of sound. The molecules are thereby
compressed together into shock waves that surge away from the speeding object
at a higher pressure than the atmosphere through which they travel.

Exceeding Mach 1

In the 1870s, an Austrian physicist-philosopher, Ernst Mach, was the first
to explain this sonic phenomenon, which he later displayed visually in the
1880s with cleverly made schlieren photographs (from the German word for
streaks) showing shadow-like images of the acoustic shock waves formed by
high-velocity projectiles. The specific speed of sound, he also determined,
depends on the medium through which an object passes. In the gases that make
up Earth’s atmosphere, sound waves move faster in warm temperatures than
cold. In 1929, a Swiss scientist named this variable the “Mach number” in his
honor." At 68 degrees Fahrenheit (F) at sea level in dry air, the speed of sound
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is about 768 miles per hour (mph), or 1,236 kilometers per hour (kph); but
at above 40,000 feet at about —70 °F, it is only about 659 mph, or 1,060 kph.?
The shock waves produced by passing bullets and artillery rounds would be
among the cacophony of fearsome sounds heard by millions of soldiers during
the two world wars.?

On Friday evening, September 8, 1944, a sudden explosion blew out a
large crater in Stavely Road, west of London. The first German V-2 ballistic
missile aimed at England had announced its arrival. “After the explosion came
a double thunderclap caused by the sonic boom catching up with the fallen
rocket.” For the next 7 months, millions of people would hear this new sound
(which became known by the British as a sonic bang) from more than 3,000
V-2s launched at Britain as well as liberated portions of France, Belgium, and
the Netherlands. These shock waves would always arrive too late to warn any of
those unfortunate enough to be near the missiles’ points of impact.” After the
end of World War II, these strange noises faded into memory until the arrival
of supersonic, turbojet-powered fighter planes in the 1950s.

Jet airplanes were preceded in supersonic flight by experimental aircraft
powered by rocket engines at Muroc Army Airfield in California’s Mojave
Desert. Here, a small team of Air Force, National Advisory Committee on
Aecronautics (NACA), and contractor personnel were secretly exploring the still
largely unknown territory of transonic and supersonic flight. On October 14,
1947, more than 40,000 feet over the desert east of Rogers Dry Lake, Capt.
Chuck Yeager broke the fabled sound barrier by flying at Mach 1.06 in a Bell
XS-1 (later redesignated the X-1).°

Despite hazy memories and legend perpetuated by the best-selling book and
hit movie 7he Right Stuff; the shock waves from Yeager’s little (31-foot-long)
airplane did not reach the ground with a loud boom on that historic day.” He
flew only 20 seconds at what is considered aerodynamically just a transonic
speed (less than Mach 1.15).® Yeager’s memoir states that NACA personnel in a
tracking van heard a sound like distant thunder.” This could only have resulted
if there had been a strong tailwind and a layer of cooler air near the surface.'
However, a record of atmospheric soundings from Bakersfield, CA, indicates
that a headwind of about 60 knots was more likely.!" Before long, however,
the stronger acoustical signatures generated by faster-flying X-1s and other
supersonic aircraft became a familiar sound at and around the isolated air base.

A Swelling Drumbeat of Sonic Booms

In November 1949, the NACA designated its growing detachment at Muroc as
the High-Speed Flight Research Station (HSFRS). This came 1 month before

2
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the Air Force renamed the installation Edwards Air Force Base after Capt. Glen
Edwards, who had perished in the crash of a Northrop YB-49 flying wing the
year before.!? By the early 1950s, the barren dry lakes and jagged mountains
around Edwards reverberated with the sonic booms of experimental and pro-
totype aircraft, as did other flight-test locations in the United States, United
Kingdom, and Soviet Union. Scientists and engineers were familiar with the
ballistic waves of axisymmetric projectiles such as artillery shells (shapes referred
to scientifically as “bodies of revolution”)."® This was a reason the fuselage of
the XS-1 was shaped like a 50-caliber bullet, which was known to be stable at
three times the speed of sound. But these new acoustic phenomena—many of
which featured the double-boom sound—hinted that they were more complex
than conventional ballistic waves. In late 1952, the editors of the world’s oldest
aeronautical weekly stated with some hyperbole that “the ‘supersonic bang’
phenomenon, if only by reason of its sudden incidence and the enormous
public interest it has aroused, is probably the most spectacular and puzzling
occurrence in the history of aerodynamics.”™

A perceptive English graduate student, Gerald B. Whitham, accurately
analyzed the abrupt rise in air pressure upon arrival of a supersonic object’s bow
wave, followed by a more gradual but deeper fall in pressure for a fraction of a
second, and then a recompression with the passing of the vehicle’s tail wave.”
As shown in a simplified fashion in the upper left corner of figure 1-1, this can
be illustrated graphically by an elongated capital N (the solid line) transecting
a horizontal axis. The plot of this line represents ambient air pressure during a
second or less of elapsed time along a short path, the distance of which depends
on the length and altitude of the supersonic body. For Americans, the pressure
change (Ap) is usually expressed in pounds per square foot (psf—also abbre-
viated as Ib/ft?). The shock waves left behind by an aircraft flying faster than
Mach 1 on a straight and level course will spread out in a cone-shaped pattern
with the sector intersecting the ground being heard as a sonic boom.'® Even
though the shock waves are being
left behind by the speeding aircraft
(where the pilot and any passengers
do not hear their sound), the cone’s
shock waves are moving forward in
the form of acoustic rays, the nature
of which would become the subject
of future research.

Because a supersonic aircraft is
much longer than an artillery shell,
the human ear can detect a double Figure 1-1.Sonic boom signature and shock
boom (or double bang) if the shock  cone. (NASA)
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wave from its tail area arrives a tenth of a second or more after the shock wave
from its front portion (sometimes compared to the bow wave of a boat). In some
respects, all the sound heard from a subsonic jet airplane as it approaches, flies
overhead, and fades away is concentrated in this fraction of a second. Gerald
Whitham was first to systematically examine these multiple shock waves, which
he called the F-function, generated by the complex nonaxisymmetrical con-
figurations applicable to airplanes.”” The U.S. Air Force conducted its earli-
est sonic boom flight test at Edwards AFB in 1956 with an F-100 making
in-flight measurements of another F-100 flying at Mach 1.05. Although the
instrumentation used was relatively simple, the test found the decay of bow
shock pressure and other results to be consistent with Whitham’s theory.'® Later
in-flight pressure measurements near supersonic aircraft as well as wind tunnel
experiments would reveal a jagged sawtooth pattern that only at much greater
distances consolidated into the form of the double-boom-creating N-wave sig-
nature. (It would later be determined that the sound waves resulting from the
abruptness of the pressure spikes, rather than the overall pressure differential
from the ambient level, is what people hear as noise.)

The number of these double booms at Edwards AFB multiplied in the latter
half of the 1950s as the Air Force Flight Test Center (AFFTC) at Edwards
(assisted by the HSFRS) began putting a new generation of Air Force jet fight-
ers and interceptors of various configurations, known as the Century Series,
through their paces. The remarkably rapid advance in aviation technology and
priorities of the Cold War arms race is evident in the sequence of their first
flights at Edwards (most as prototypes): the YF-100 Super Sabre, May 1953;
YF-102 Delta Dagger, October 1953; XF-104 Starfighter, February 1954;
F-101 Voodoo, September 1954; YF-105 Thunderchief, October 1955; and
F-106 Delta Dart, December 1956."

With the sparse population living in California’s Mojave Desert region at
the time, disturbances caused by the flight tests of new jet aircraft were not yet
an issue, but the Air Force had already become concerned about their future
impact. In November 1954, for example, its Aeronautical Research Laboratory
at Wright-Patterson AFB, OH, submitted a study to the Air Force Board of top
generals on early findings regarding the still-puzzling nature of sonic booms.
Although concluding that low-flying aircraft flying at supersonic speeds could
cause considerable damage, the report hopefully predicted the possibility of
supersonic flight without booms at altitudes over 35,000 feet.*

As the latest Air Force and Navy fighters went into full production and
began flying from bases throughout the Nation, more of the American public
was exposed to jet noise for the first time. This included the thunderclap-like
thuds characteristic of sonic booms—often accompanied by rattling win-
dowpanes. Under certain conditions, as the U.S. armed services and British
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Six Century Series fighters and interceptors at Edwards AFB. Clockwise from top right; F-100,
F-101, F-102, F-104, F-105, F-106. (USAF)

Royal Air Force (RAF) had learned, even maneuvers below Mach 1 (e.g.,
accelerations, dives, and turns) could generate and focus transonic shock
waves in such a manner as to cause localized but powerful sonic booms.*!
Indeed, residents of Southern California began hearing such booms in the
late 1940s when North American Aviation was flight testing its new F-86
Sabre. The first civilian claim against the USAF for sonic boom damage was
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apparently filed at Eglin AFB, FL, in 1951, when only subsonic jet fighters
were assigned there.?

Much of the rapid progress in supersonic flight was made possible by the
famous area rule, discovered in 1951 by the legendary NACA engineer Richard
Whitcomb. He subsequently showed how to reduce transonic drag by smooth-
ing out the shock waves that developed along where the wings joined the
fuselage of an aircraft approaching Mach 1. The basic solution was to reduce
the cross section of the fuselage between the wings so that the combined cross
section of the fuselage and wings would gradually increase and decrease in an
ideal streamlined shape, allowing jet planes to achieve supersonic speeds much
more easily.”> (Hence the pinched coke-bottle-shaped fuselages of the F-102,
F-104, F-105, and F-106 in the photograph.)

Adolf Busemann, a colleague at Langley Research Center in Hampton, VA
(the NACA'’s oldest and largest lab), who had inspired Whitcomb to think of
the area rule, also made major contributions to sonic boom theory. For his
work as an engineer in Germany before World War II, Busemann is considered
the father of supersonic aerodynamics; he is remembered especially for the
concept of a swept wing, which he introduced in 1935. By, at the same time,
exploring how to eliminate wave drag caused by aircraft volume, he could also
be considered as the godfather of sonic boom minimization, even at a time
when supersonic flight was only a distant dream. He later contributed more
directly to the development of sonic boom theory in a 1955 paper titled “The
Relation Between Minimizing Drag and Noise at Supersonic Speeds,” which
showed the importance of lift effects in creating sonic booms.?*

Both the area rule and findings about lift during supersonic flight were criti-
cal to understanding the effects of wing-body configurations on sonic booms.
In 1958, another bright, young English mathematician, Frank Walkden,
showed in a series of insightful equations how the lift effect of airplane wings
could magnify the strength of sonic booms more than previously estimated.”
The pioneering work of Whitham and Walkden laid the foundation for the
systematic scientific study of sonic booms, especially the formation of N-wave
signatures, and provided many of the algorithms and assumptions used in
planning future flight tests and wind tunnel experiments.*

Sonic boom claims against the U.S. Air Force first became statistically sig-
nificant in 1957, reflecting the branch’s growing inventory of Century fighters
and the types of maneuvers they sometimes performed. Such actions could
focus the acoustical rays projected by shock waves into what became called
super booms. (It was found that these powerful but localized booms had a
U-shaped signature with the tail shock as well as that from the nose of the air-
plane being above ambient air pressure—unlike N-wave signatures, in which
the tail shock causes pressure to return only to the ambient level.) Most claims
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Convair B-58 Hustler, the first airplane capable of sustained supersonic flight and a major
contributor to early sonic boom research. (USAF)

involved broken windows or cracked plaster, but some were truly bizarre,
such as the death of pets or the insanity of livestock. In addition to these
formal claims, Air Force bases, local police switchboards, and other agencies
received an uncounted number of phone calls about booms, ranging from
merely inquisitive to seriously irate.” Complaints from constituents brought
the issue to the attention of the U.S. Congress.”® Between 1956 and 1968,
some 38,831 claims were submitted to the Air Force, which approved 14,006
in whole or in part—G65 percent for broken glass, 21 percent for cracked plas-
ter (usually already weakened), 8 percent for fallen objects, and 6 percent for
other reasons.”

The military’s problem with sonic boom complaints peaked in the 1960s.
One reason for this peak was the sheer number of fighter-type aircraft stationed
around the Nation (more than three times as many as today). Secondly, many
of these aircraft had air defense as their mission. This often meant flying at high
speed over populated areas to train for defending cities and other key targets
from aerial attack, sometimes practicing against Strategic Air Command (SAC)
bombers. The North American Air Defense Command (NORAD) conducted
the largest such air exercises in history—Skyshield I in 1960, Skyshield II in
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1961, and Skyshield IIT in 1962. The Federal Aviation Agency (FAA) shut
down all civilian air traffic while numerous flights of SAC bombers (augmented
by some Vulcans from the RAF) attacked from the Arctic and off the coasts.
Hundreds of NORAD’s interceptors flying thousands of sorties created a spo-
radic drum beat of sonic booms as F-101, F-102, F-104, and F-106 pilots
lit their afterburners in pursuit of the intruders. (About three quarters of the
bombers were able to reach their targets, a result kept secret for 35 years.)*

Although most fighters and interceptors deployed in the 1960s could readily
fly faster than sound, they could only do so for a short distance because of the
rapid fuel consumption of jet-engine afterburners. Thus their sonic boom “car-
pets” (the term used to describe the areas affected on the surface) were relatively
short. However, one supersonic American warplane that became operational in
1960 was designed to fly faster than Mach 2 for more than a thousand miles,
laying down a continuous sonic boom carpet all the way.

This innovative but troublesome aircraft was SAC’s new Convair-built B-58
Hustler medium bomber. On March 5, 1962, the Air Force showed off the
long-range speed of the B-58 by flying one from Los Angeles to New York in
just over 2 hours at an average pace of 1,215 mph (despite having to slow down
for an aerial refueling over Kansas). After another refueling over the Atlantic,
the same Hustler “outraced the sun” (i.e., flew faster than Earth’s rotation) back
to Los Angeles with one more refueling, completing the record-breaking round
trip at an average speed of 1,044 mph.>' The accompanying photo shows one
flying over a populated area (presumably at a subsonic speed).

Capable of sustained Mach 2+ speeds, the

four-engine, delta-winged Hustler (weighing

woecwee] up to 163,000 pounds) helped demonstrate

THE SONIC the feasibility of a supersonic civilian transport.

But the B-58’s performance revealed at least one
WM troubling omen. Almost wherever it flew super-

2 sonic over populated areas, the bomber left
sonic boom complaints and claims in its wake.
Indeed, on its record-shattering flight of March
1962, flown mostly at an altitude of 50,000 feet
(except when coming down to 30,000 feet for
refueling), “the jet dragged a sonic boom 20 to
40 miles wide back and forth across the coun-
try—frightening residents, breaking windows,
cracking plaster, and setting dogs to barking.”*
Figure 1-2. Air Force pamphlet As indicated by figure 1-2, the B-58 (despite
for sonic boom claim investiga-  its small numbers) became a symbol for sonic
tors. (USAF) boom complaints.

Headquarters, Air Force Logistics Commaed
Wright- Patterson Air Force Base, Ohio 45433




Making Shock Waves

Most Americans, especially during times of increased Cold War tensions,
tolerated occasional disruptions that were justified by national defense. But how
would they react to constantly repeated sonic booms generated by civilian trans-
ports? Could a practical passenger-carrying supersonic airplane be designed to
minimize its sonic signature enough to be acceptable to people below? Attempts
to resolve these two questions occupy the remainder of this book.

Preparing for an American Supersonic Transport

After its formation in 1958, the National Aeronautics and Space
Administration—in keeping with the reason for its creation—began devoting
the lion’s share of its growing resources to the Nation’s new civilian space pro-
grams. Yet 1958 also marked the start of a new program in the time-honored
aviation mission that the new Agency inherited from the NACA. This new task
was to help foster an advanced passenger plane that would fly at rates at least
twice the speed of sound, a concept initially named the Supersonic Commercial
Air Transport (SCAT).

By the late 1950s, the rapid pace of aeronautical progress—with new tur-
bojet-powered airliners flying twice as fast and high as the propeller-driven
transports they were replacing—promised even higher speeds in coming years.
At the same time, the perceived challenge to America’s technological superior-
ity implied by the Soviet Union’s early space triumphs inspired a willingness
to pursue ambitious new aerospace ventures. One of these was the Supersonic
Commercial Air Transport. This program was further motivated by propos-
als being made in Britain and France to build a supersonic airliner, a type of
airplane that was expected to dominate the future of mid- and long-range
commercial aviation.”

Because of economic and political factors, developing such an aircraft became
more than a purely technological challenge—and thus proved to be in some ways
even more problematic than sending astronauts to the Moon. One of the major
barriers to producing a supersonic transport involved the still-mysterious phe-
nomenon of how atmospheric shock waves were generated by supersonic flight.
Studying sonic booms and learning how to control them became a specialized
and enduring field of NASA research for the next five decades.

The recently established Federal Aviation Agency became the major advo-
cate within the U.S. Government for a supersonic transport, with key person-
nel at three of NACA’s former laboratories eager to help in this challenging
new program. The Langley Research Center (the NACA’s oldest and largest
lab), and the Ames Research Center at Moffett Field in Sunnyvale, CA, both
had airframe-design expertise and facilities while the Lewis Research Center
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in Cleveland, OH (later renamed in honor of astronaut and Senator John H.
Glenn), specialized in the kind of advanced propulsion technologies needed
for supersonic cruise.

The strategy for developing SCAT depended heavily on leveraging technolo-
gies being developed for another Air Force bomber—one much larger, faster, and
more advanced than the B-58. This would be the revolutionary B-70, designed
to cruise several thousand miles at speeds of Mach 3. NACA experts had been
helping the Air Force plan this giant intercontinental bomber since the mid-
1950s (with aerodynamicist Alfred Eggers of the Ames Laboratory conceiving
the innovative design for it to ride partially on compression lift created by its own
supersonic shock waves). North American Aviation won the B-70 contract in
1958, but the projected expense of the program and advances in missile technol-
ogy led President Dwight D. Eisenhower to cancel all but one prototype in 1959.
The administration of President John E Kennedy eventually approved produc-
tion of two XB-70As. Their main purpose would be to serve as Mach 3 test beds
for what was becoming known simply as the SST, for “Supersonic Transport.”

NASA continued to refer to specific design concepts for the SST using the
older acronym for Supersonic Commercial Air Transport. As shown by the 25
SCAT configurations in figure 1-3, the designers were very creative in exploring
a wide variety of shapes for fuselages, wings, tails, engine nacelles, and other
surfaces.* By early 1963, about 40 concepts had been narrowed down to three
Langley designs contributed by well-known Langley aerodynamicists, such as
Richard Whitcomb and A. Warner Robins (SCAT-4, SCAT-15, and SCAT-
16), and one by a team from Ames (SCAT-17). These became the baselines for
subsequent industry studies and proposals.

SCAT-16, with variable sweep wings for improved low-speed handling,
and SCAT-17, with a front canard and rear delta wing (based to some extent
on the XB-70), were judged as the most promising concepts.”® But they were
still only notional designs. In the judgment of two of the Langley Research
Center’s supersonic experts, William Alford and Cornelius Driver, “It was
obvious that ways would have to be found to obtain further major increases in
flight efliciency. It was clear that major attention would have to be paid to the
sonic boom, which was shown to have become a dominant factor in aircraft
design and operation.”*® Whitcomb later withdrew from working on the SST
because of his judgment that it would never be a practical commercial aircraft.”’
Meanwhile, NASA continued research on SCAT concepts 15 through 19.%

Even though Department of Defense (DOD) resources—especially the Air
Force’s—would be important in supporting SST development, the acrospace
industry made it clear that direct Federal funding and assistance would be essen-
tial. Thus, research and development (R&D) of the SST became a split respon-
sibility between the Federal Aviation Agency and the National Aeronautics and
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Figure 1-3. SCAT configurations, 1959—1966. (NASA)

Space Administration—with NASA conducting and sponsoring the supersonic
research and the FAA overseeing the SST’s overall development. The first two
leaders of the FAA, retired Lt. Gen. Elwood R. “Pete” Quesada (1958-61) and
Najeeb E. Halaby (1961-65), were both staunch proponents of producing an
SST, as to a slightly lesser degree was retired Gen. William E “Bozo” McKee
(1965-68). As heads of an independent agency that reported directly to the
President, they were at the same level as NASA Administrators T. Keith Glennan
(1958-61) and James Webb (1961-68). The FAA and NASA administrators,
together with Secretary of Defense Robert McNamara (somewhat of a skeptic on
the SST program), provided interagency oversight and composed the Presidential
Advisory Committee (PAC) for the SST established in April 1964. This arrange-
ment lasted until 1967, when the Federal Aviation Agency became the Federal
Aviation Administration under the new U.S. Department of Transportation
(DOT), whose secretary became responsible for the program.*

Much of NASA’s SST-related research involved advancing the state of the
art in such technologies as propulsion, fuels, materials, and acrodynamics. The
last item included designing airframe configurations for sustained supersonic
cruise at high altitudes, suitable subsonic maneuvering in civilian air-traffic pat-
terns at lower altitudes, safe takeoffs and landings at commercial airports, and
acceptable noise levels—to include the still-puzzling matter of sonic booms.

11
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Although the NACA, especially at Langley and Ames, had been doing research
on supersonic flight since World War I, none of its technical reports (and only
one conference paper) published through 1957 dealt directly with sonic booms.*
That situation began to change when Langley’s long-time manager and advocate
of supersonic programs, John P. Stack, formalized the SCAT venture in 1958.
During the next year, three Langley employees, whose names would become well-
known in the field of sonic boom research, began publishing NASA’s first scien-
tific papers on the subject. These were Harry W. Carlson, a versatile supersonic
aerodynamicist; Harvey H. Hubbard, chief of the Acoustics and Noise Control
Division; and Domenic J. Maglieri, a young engineer who became Hubbard’s
top sonic boom specialist. Carlson would tend to focus on wind tunnel experi-
ments and sonic boom theory while the two other men specialized in planning
and monitoring field tests and recording and analyzing the data collected. Within
NASA, the Langley Research Center continued to be the focal point for sonic
boom studies throughout the 1960s with the Flight Research Center (FRC) at
Edwards AFB increasingly conducting most supersonic tests, often with Air Force
support.’! (The “High Speed” prefix was dropped from the FRC’s name in 1959
to indicate a broadening of its experimental activities.)

These research activities began to proliferate under the new pro-SST
Kennedy administration in 1961. After the president formally approved devel-
opment of the supersonic transport in June 1963, sonic boom research really
took off. Langley’s experts, augmented by NASA contractors and grantees,
published 26 papers on sonic booms just 3 years later, with Ames also conduct-
ing related research.®

Dealing with the sonic boom demanded a multifaceted approach: (1) per-
forming flight tests to better quantify the fluid dynamics and atmospheric phys-
ics involved in generating and propagating shock waves as well as their physical
effects on structures and people; (2) conducting com-
munity surveys to gather public opinion data from
sample populations exposed to booms; (3) building
and using acoustic simulators to further evaluate
human and structural responses in controlled set-
tings; (4) performing field studies of possible effects
on animals, both domestic and wild; (5) evaluating
shock waves from various aerodynamic configura-
tions in wind tunnel experiments; and (6) analyzing
flight-test and wind tunnel data to refine theoretical
constructs and create mathematical models for lower-
boom aircraft designs. The remainder of this chapter

Langley Research Genter’s

first sonic boom testers,
focuses on the first four activities with the final two  Harvey Hubbard and

to be the main subject of the next chapter. Domenic Maglieri. (NASA)
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Early Flight Testing

The systematic sonic boom testing that NASA began in 1958 would expand
exponentially the heretofore largely theoretical and anecdotal knowledge about
sonic booms with a vast amount of empirical, real-world data. The new infor-
mation would make possible increasingly sophisticated experiments and pro-
vide feedback for checking and refining theories and mathematical models.
Because of the priority bestowed on sonic boom research by the SST program
and the numerous types of aircraft then available for creating booms (includ-
ing some faster than any flying today), the data and findings from the tests
conducted in the 1960s are still of great value in the 21st century.®’

The Langley Research Center (often referred to as “NASA Langley”) served
as the Agency’s team leader for supersonic research. Langley’s acoustics spe-
cialists conducted NASA’s initial sonic boom tests in 1958 and 1959 at the
Wallops Island Station on Virginia’s isolated Delmarva Peninsula. During the
first year, they used six sorties by NASA F-100 and F-101 fighters, flying at
speeds between Mach 1.1 and Mach 1.4 and altitudes from 25,000 feet to
45,000 feet, to make the first good ground recordings and measurements of
sonic booms generated in steady and level flights (the kind of profile a future
airliner would mostly fly). Observers judged some of the booms above 1.0 psf
to be objectionable, likening them to nearby thunder, and a sample plate glass
window was cracked by one plane flying at 25,000 feet. The 1959 test measured
shock waves from 26 flights of a Chance Vought F8U-3 (a highly advanced pro-
totype based on the Navy’s supersonic Crusader fighter) at speeds up to Mach
2 and altitudes up to 60,000 feet. A much larger B-58 from Edwards AFB also
made two supersonic passes at 41,000 feet. Boom intensities from these higher
altitudes seemed to be tolerable to observers, with negligible increases in mea-
sured overpressures between Mach 1.4 and Mach 2.0 (showing that loudness
of sonic booms is based more on aircraft size, altitude, and factors other than
extreme speeds). The human response results were, however, very preliminary.*

In July 1960, NASA and the Air Force conducted Project Little Boom at a
bombing range north of Nellis AFB, NV, to measure the effects on structures
and people of extremely powerful sonic booms (which the Air Force thought
might have some military value). F-104 and F-105 fighters flew slightly over
the speed of sound (Mach 1.09 to Mach 1.2) at altitudes down to 50 feet
above ground level. There were more than 50 incidents of sample windows
being broken at 20 psf to 100 psf but only a few possible breakages below 20
psf, and there was no physical or psychological harm to volunteers exposed to
overpressures as high as 120 psf.* At Indian Springs, NV, Air Force fighters
flew supersonically over an instrumented C-47 transport from Edwards, both
while the aircraft was in the process of landing and while it was on the ground.
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Chance Vought's F8U-3 prototype at Wallops Island. (NASA)

Despite 120-psf overpressures, the aircraft was only very slightly damaged when
on the ground and there were no problems while it was in flight.“¢

Air Force fighters once again would test powerful sonic booms during 1965
in remote mountain and desert terrain near Tonopah, NV. This was where
a special military testing organization from Sandia Base, NM, called Joint
Task Force II, was evaluating the low-level penetration capabilities of various
fighter aircraft for the Joint Chiefs of Staff. To learn more about possible effects
from this kind of low-level training in remote areas, the USAF Aerospace
Medical Division’s Biomedical Laboratory observed and analyzed the responses
of people, structures, and animals to strong sonic booms. As in other tests,
the damage to buildings (many in poor condition to begin with) consisted
of cracked plaster, items falling from shelves, and broken windows. In some
cases, glass fragments were propelled up to 12 feet—a condition not recorded
in previous testing. Some campers near the so-called starting gates to the three
low-level corridors used for testing also experienced damage, probably from
super booms as the fighters maneuvered into the tracks. Cattle and horses did
not seem to react much to the noise. Test personnel located in a flat area where
the fighters flew at less than 100 feet above ground level and generated shock
waves of more than 100 psf felt a jarring sensation against their bodies and
were left with temporary ringing or feelings of fullness in their ears, but they
experienced no real pain or ill effects. Most, however, could not help involun-
tarily flinching in anticipation of the booms whenever the speeding jets passed
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overhead. An Air Force F-4C Phantom II flying Mach 1.26 at 95 feet during
this test generated the strongest sonic boom yet recorded: 144 psf.#’ (To put
this in perspective, normal air pressure at sea level equates to 14.7 pounds per
square inch, or about 2,116 pounds per square foot.)

In late 1960 and early 1961, NASA and AFFTC followed up on Little
Boom with Project Big Boom. B-58 bombers made 16 passes flying Mach 1.5
ataltitudes of 30,000 feet to 50,000 feet over arrays of sensors, which measured
a maximum overpressure of 2.1 psf. Varying the bomber’s weight from 82,000
pounds to 120,000 pounds provided the first hard data on how an aircraft’s
weight and related lift produced higher overpressures than existing theories
based on volume alone would indicate.*

Throughout the 1960s, Edwards Air Force Base—with its unequalled com-
bination of Air Force and NASA expertise, facilities, instrumentation, airspace,
emergency landing space, and types of aircraft—hosted the largest number of
sonic boom tests. NASA researchers from Langley’s Acoustics Division spent
much of their time there working with the Flight Research Center in a wide
variety of flight experiments. The Air Force Flight Test Center usually partici-
pated as well.

In an early test in 1961, Gareth Jordan of the FRC led an effort to collect
measurements from F-104s and B-58s flying at speeds of Mach 1.2 to Mach
2.0 over sensors located along Edward AFB’s supersonic corridor and at Air
Force Plant 42 in Palmdale, about 20 miles south. Most of the Palmdale mea-
surements were under 1.0 psf, which the vast majority of people surveyed there
and in adjacent Lancaster (where overpressures tended to be somewhat higher)
considered no worse than distant thunder. But there were some exceptions.”

Other experiments at Edwards in 1961 conducted by Langley personnel
with support from the FRC and AFFTC contributed a variety of new data.
With help from the Goodyear blimp Mayflower, hovering at 2,000 feet, they
made the first good measurements of atmospheric effects, such as how tempera-
ture variations can bend the paths of acoustic rays and how air turbulence in the
lower atmosphere near the surface (known as the boundary layer) significantly
affected N-wave shape and overpressure.”

Testing at Edwards also gathered the first data on booms from very high
altitudes. Using an aggressive flight profile, AFFTC’s B-58 crew managed to
zoom up to 75,000 feet—25,000 feet higher than the bomber’s normal cruising
altitude and 15,000 feet over its design limit! The overpressures measured from
this high altitude proved stronger than predicted (not a promising result for
the planned SST). Much lower down, fighter aircraft performed accelerating
and turning maneuvers to generate the kind of acoustical rays that amplified
shock waves and produced multiple booms and super booms. The various
experiments showed that a combination of atmospheric conditions, altitude,
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speed, flight path, aircraft configuration, and sensor location determined the
shape and strength of the pressure signatures.”

Of major significance for future boom minimization efforts, NASA
also began taking in-flight shock wave measurements. The first of these, at
Edwards in 1960, had used an F-100 with a sensor probe to measure super-
sonic shock waves from the sides of an F-100, F-104, and B-58 as well as
from F-100s speeding past with only 100 feet of separation. The data con-
firmed Whitham’s overall theory with some discrepancies. In early 1963, an
F-106 equipped with a sophisticated new sensor probe designed at Langley
flew seven sorties both above and below a B-58 at speeds of Mach 1.42 to
Mach 1.69 and altitudes of approximately 40,000 feet to 50,000 feet. The
data gathered confirmed Walkden’s theory about how lift as well as volume
increase peak shock wave pressures. As indicated by figure 1-4, analysis of
the readings also found that the bow and tail shock waves spread farther
apart as they flowed from the B-58. Perhaps most significant, the probing
measurements revealed how the multiple, or saw tooth, shock waves (sudden
increases in pressure) and expansions (regions of decreasing pressure) pro-
duced by the rest of an airplane’s structure (canopy, wings, engine nacelles,
weapons pod, etc.) merged with the stronger bow and tail waves until—at
a distance of between 50 body lengths and 90 body lengths—they began to
coalesce into the classic N-shaped signature.’* This historic flight test, which
hinted at how shock waves might be modified to reduce peak overpressures,
marked a major milestone in sonic boom research.

One of the most publicized and extended flight-test programs at Edwards
had begun in 1959 with the first launch from a B-52 of the fastest piloted
aircraft ever flown: the rocket-propelled X-15. Three of these legendary aero-
space vehicles expanded the envelope and gathered data on supersonic and

hypersonic flight for the next 8

%{" yd _ years. Although the X-15 was

/ mn not specifically dedicated to sonic

\Eﬁ PN | _’I_ boom tests, the Flight Research
«i fi

Center did begin placing micro-
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phones and tape recorders under

\ the X-15s flight tracks in the fall of
1961 to gather boom data. Much

later, FRC researchers reported on

(\ the measurements of these sonic

e booms, which were made at speeds

of Mach 3.5 and Mach 4.8.

Figure 1-4. Shock wave signature of a B-58 at For the first few years, NASA’s
Mach 1.6. (NASA) sonic boom tests occurred in
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relative isolation within military air-
space in the desert Southwest or over
Virginia’s rural Eastern Shore and
adjacent waters. A future SST, how-
ever, would have to fly over heavily
populated areas. Thus, from July 1961
through January 1962, NASA, the
FAA, and the Air Force carried out the
Community and Structural Response
Program at St. Louis, Missouri. In
an operation nicknamed “Bongo,”
the Air Force sent B-58 bombers on
76 supersonic training flights over  gnock waves from an X-15 model in

the city at altitudes from 31,000 to  Langley's 4-by-4-foot Supersonic Pressure
41,000 feet, announcing them as  Tunnel. (NASA)

routine SAC radar bomb-scoring mis-

sions. F-106 interceptors flew 11 additional flights at 41,000 feet. Langley
personnel installed sensors on the ground, which measured overpressures
up to 3.1 psf. Investigators from Scott AFB, Illinois, or for a short time, a
NASA-contracted engineering firm, responded to damage claims, finding
some possibly legitimate minor damage in about 20 percent of the cases.
Repeated interviews with more than 1,000 residents found 90 percent were
at least somewhat affected by the booms and about 35 percent were annoyed.
Scott AFB (a long distance phone call from St. Louis) received about 3,000
complaints during the test and another 2,000 in response to 74 sonic booms
in the following three months. The Air Force eventually approved 825 claims
for $58,648. These results served as a warning that repeated sonic booms
could indeed pose an issue for SST operations.**

To obtain more definitive data on structural damage, NASA in December
1962 resumed tests at Wallops Island using various sample buildings. Air Force
F-104s and B-58s and Navy F-4H Phantom IIs flew at altitudes from 32,000
feet to 62,000 feet, creating overpressures up to 3 psf. Sonic booms triggered
cracks to plaster, tile, and other brittle materials in spots where the materi-
als were already under stress (a finding that would be repeated in later, more
comprehensive tests).”

In February 1963, NASA, the FAA, and the USAF conducted Project
Littleman at Edwards AFB to measure the results of subjecting two specially
instrumented light aircraft to sonic booms. F-104s made 23 supersonic passes
as close as 560 feet from a small Piper Colt and a two-engine Beech C-45,
creating overpressures up to 16 psf. Their responses were “so small as to be
insignificant,” dismissing one possible concern about SST operations.*®
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The St. Louis survey had left many unanswered questions about public
opinion. To learn more, the FAA’s Supersonic Transport Development Office
with support from NASA Langley and the USAF (including Tinker AFB)
conducted the Oklahoma City Public Reaction Study from February through
July 1964. This was a much more intensive and systematic test. In an opera-
tion named Bongo II, B-58s, F-101s, F-104s, and F-106s were called upon
to deliver sonic booms eight times per day, 7 days a week for 26 weeks, with
another 13 weeks of followup activities. The aircraft flew a total of 1,253
supersonic flights at Mach 1.2 to Mach 2.0 and altitudes between 21,000 feet
and 50,000 feet.

The FAA (which had the resources of a major field organization available
in Oklahoma City) instrumented nine control houses scattered throughout
the metropolitan area with various sensors to measure structural effects while
experts from Langley instrumented three houses and set up additional sensors
throughout the area to record overpressures, wave patterns, and meteorologi-
cal conditions. The National Opinion Research Center at the University of
Chicago interviewed a sample of 3,000 adults three times during the study.”” By
the end of the test, 73 percent of those surveyed felt that they could live with
the number and strength of the booms experienced, but 40 percent believed
they caused some structural damage (even though the control houses showed
no significant effects), and 27 percent would not accept indefinite booms
at the level tested. Analysis of the shock wave patterns by NASA Langley
showed that a small number of overpressure measurements were significantly
higher than expected, indicating probable atmospheric influences, including
heat rising from urban landscapes.”® Sometimes, the effects of even moderate
turbulence near the surface could be dramatic, as shown in figure 1-5 by the
rapid change in pressure measurements from an F-104 flying Mach 1.4 at
28,000 feet recorded by an array of closely spaced microphones.”

The Oklahoma City study added to the growing knowledge of sonic booms
and their acceptance or nonacceptance by the public at the cost of $1,039,657,
seven lawsuits, and some negative
publicity for the FAA. In view of
the public and political reactions
to the St. Louis and Oklahoma
City tests, plans for another
extended sonic boom test over a
different city, including flights at
night, never materialized.®

The FAA and Air Force con-

Figure 1-5. Effect of turbulence in just 800 feet of ducted the next series of tests from
an F-104's sonic boom carpet. (NASA) November 1964 into February
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1965 in a much less populated place: the remote Oscura camp in the Army’s
vast White Sands Missile Range, NM. Here, 21 structures of various types
and ages with a variety of plaster, windows, and furnishings were studied
for possible damage. F-104s from nearby Holloman AFB and B-58s from
Edwards AFB generated 1,494 booms, producing overpressures from 1.6 psf
to 19 psf. The 680 sonic booms of up to 5.0 psf caused no real problems,
but those above 7.9 psf caused varying degrees of damage to glass, plaster,
tile, and stucco that were already in vulnerable condition. A parallel study of
several thousand incubated chicken eggs showed no reduction in hatchability,
and audiology tests on 20 personnel subjected daily to the booms showed
no hearing impairment.®!

Before the White Sands tests ended, NASA Langley personnel began col-
lecting boom data from a highly urbanized setting in winter weather. During
February 1965 and March 1965, they recorded data at five ground stations
as B-58 bombers flew 22 training missions in a corridor over downtown
Chicago at speeds from Mach 1.2 to Mach 1.66 and altitudes from 38,000
feet to 48,000 feet. The results demonstrated further that amplitude and
wave shape varied widely depending upon atmospheric conditions. These
22 flights and 27 others resulted in the Air Force approving 1,442 of 2,964
damage claims for a total of $114,763. Figure 1-6 shows how a gusty day
in the “Windy City” greatly increased the strength of sonic booms (N-wave
signatures, shown on the right) over those created by a B-58 flying at the same
speed and altitude on a more tranquil day (left) as measured by microphones
placed at 100-foot intervals in a cruciform pattern.®® The planned SST would,
of course, encounter similar enhanced boom conditions.

Also in March 1965, the FAA and NASA, in cooperation with the U.S.
Forest Service, studied the effects of Air Force fighters creating boom over-
pressures up to 5.0 psf over haz-
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XB-70 Valkyrie, the largest of the sonic boom test aircraft. (USAF)

Enter the Valkyrie and the Blackbird

From the beginning of the SST program, the aircraft most desired for experi-
ments was, of course, the North American XB-70 Valkyrie. The first of the
giant test beds (XB-70-1) arrived at Edwards AFB in September 1964, and the
better-performing, better-instrumented second aircraft (XB-70-2) arrived in
July 1965. With alength of 186 feet, a wingspan of 105 feet, and a gross weight
of about 500,000 pounds, the six-engine would-be bomber was considerably
heavier but less than two thirds as long as some of the later SST concepts, but
it was the best real-life surrogate available.**

Even during the initial flight-envelope expansion by contractor and AFFTC
test pilots, the Flight Research Center began gathering sonic boom data, includ-
ing direct comparisons of its shock waves with those of a B-58 flying only 800
feet behind.®> Using an array of microphones and recording equipment at several
ground stations, NASA researchers built a database of boom signatures from
39 flights made by the XB-70s (10 with B-58 chase planes) from March 1965
through May 1966.% Because “the XB-70 is capable of duplicating the SST
flight profiles and environment in almost every respect,” the FRC was looking
forward to beginning its own experimental research program using the second
Valkyrie on June 15, 1966, with sonic boom testing listed as the first priority.®”
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On June 8, however, the XB-70-2 crashed on its 47th flight as the result
of a midair collision during