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To Percy Pilcher

Youthful dreams offlight, nurtured in your heart,
Matured as you matured; became a part
Ofev'ry waking day.
And pensive hours on landlost, windswept seas,
Where graceful, long-winged seabirds soared with ease,
Helped guide you on your way.
Then came the day you built your fledgling wings
Of bamboo, wire, and fabric fragile things
On which life would rely.
A pilgrimage to Berlin followed now,
Where Master Lilienthal showed you how
To trespass in the sky.
In pioneering steps the work progressed,
Bat, clumsy Beetle, Gull, and then the best;
The light and sturdy Hawk.
Towed aloft by gently plodding horses
To vie with Nature's sly and unseen forces:
An airborne, bobbing cork.
Tough yet athletic, soon you learned the way
To hold control within your body's sway
And make the sky your own.
To longer flights your airy dreams then soared,
And with the help of businessman and lord
Your new machine was grown.
VI

But ere the test ofpowered wings began,
A hasty, ill-timed flight upset the plan
To which you'd given birth.
Death's evil sirens did your soul entice
To make the last and greatest sacrifice;
Then cast you to the earth.
How great a game of chance, how close to fame,
Yet few are those who now recall your name
Or what your courage meant.
The lonely grave in Brompton where you lie
Grows mossy underneath a mocking sky:
A short life bravely spent.
But those who now traverse the lofty ways
In these jet-powered, ocean-spanning days
Cast hist'ry in their wake.
You knew this time would come, and played your part
In teaching Man a new and wond'rous art:
And gave life for its sake.
Philip Jarrett
April 19, 1983

To my father, the late W. H. Jarrett, who suffered his
son's obsession with airplanes when he'd already had
enough of them in the war.
To the four air-minded men who fostered my youthful
enthusiasm, and whose selfless encouragement set me
on course: R. Glyn Davies, headmaster of Gearies
Secondary Modern School for Boys; Fit. Lt. Sydney R.
Barber of 4F (Ilford) Squadron, Air Training Corps;
John W. R. Taylor, aviation writer; and Jack
Beaumont, pilot and doyen of aviation booksellers.

To Percy Pilcher vii

Preface

"Percy's immortality is in your hands." This sobering statement by
ninety-year-old Thora Forrester, Percy Pilcher's niece and the last
surviving person to have known him, suddenly brought home the
responsibility of my undertaking. Thora died in January 1983, when
this manuscript was barely begun, but her words remained with me as
I worked.
Thora's uncle was a leading aviation pioneer, yet he is little
known, even to the great majority of those interested in the subject.
What little has hitherto been written about him is full of inaccuracies,
misinterpretations and unfounded speculation. As the first Briton to
die for the cause of powered flight, and only the second person in the
world to do so, Pilcher deserved better. Yet in a way it was his own
fault that history allowed such a sacrifice to be forgotten, to become
cloaked in obscurity. So involved was he in the pursuit of his goal that
he found no time to set down a continuing record of his work.
Unlike his famous successors, the Wright Brothers, Pilcher con
centrated on practical flight trials almost to the exclusion of mathe
matical theory and scientific experiment. We have no systematic
performance estimates, aerodynamic tables and calculations, or even a
diary or flight log. Moreover, he was a reluctant correspondent, sel
dom wrote at length when he did take up a pen, and apparently kept
no letters. Therefore, to piece together the story of the five years he
spent experimenting with hang gliders and the influences upon his
work, one has to delve into private and public archives, search contem-

IX

porary literature, and trace descendants. No one could have been more
surprised than I to see the completeness of the finished account.
It is a story of single-mindedness, determination in the face of
ridicule, and courage. It also provides insight into aviation's early
history, particularly in Britain, and into some of the leading players in
the story. In those distant days, powered, heavier-than-air flight was
generally regarded as the pursuit of eccentrics and fools. The few
perceptive men who did see something of its enormous potential
looked to one another for mutual support and encouragement.
As Pilcher realized, there was an enormous amount to be
learned—more than any one man could hope to encompass. And there
were so many approaches one could take. Bird flight, kites, models,
full-size gliders, giant powered aircraft, wind tunnels, whirling arms,
and pure theory—all had their merits and demerits: all had their secrets
to unfold. Progress, painfully slow at first, was only made when
individuals took it upon themselves to probe the mysteries, often at
great personal risk. The greatest risks were taken by those who
believed that, if man were to master the air, the time must come when
he would have to meet the element on its own terms in a machine of
his own creation. Those who gambled in innocence were foolhardy.
Those who gambled with awareness were the true pioneers, and they
should be remembered.
I am indebted to the many people who have contributed in many
ways to this book. Some have provided material assistance, while
others have assisted spiritually and with wise council.
John Bagley and the late Fitz Cowley were not only constant
sources of help and encouragement, but also read the manuscript and
offered valuable advice and suggestions. Jack Beaumont's readiness to
listen and discuss problems has always been greatly appreciated.
My grateful thanks go to all of the following: Martin Andrewartha; Lord and Lady Braye; E. Grove, Jan Bird and 2d Officer S. A.
Thorburn, Women's Royal Naval Service, Britannia Royal Naval
College, Dartmouth; British Aerospace News; British Library Newspa
per Library, Hendon; Bromley South Public Library; Peter Brookes,
reference librarian, National Motor Museum, Beaulieu; Peter W.
Brooks; Business Press International Archives; Graham Cowell; John
Crerar Library, Chicago; Deutsches Museum; Sir Robin and Lady
Dunn; Dick Bales; Flight International; the late Thora Forrester and her
son, David; Harry Gadd; General Cemetery Company, London; Gen
eral Register Office, London; the late Charles H. Gibbs-Smith; the
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late Doug Gillies, Mike Goodall; Alex Gourlay, British Broadcasting
Corporation; Guildhall Library, London; Barry Gray; Norman HallWarren; Clive Hart; Clement Henniker Heaton; Mike Hirst; Eugene
E. Husting; Institution of Mechanical Engineers; Library of Congress
Manuscript Division, Washington D.C.; Alan McCandlish; Isobel
McWhirter; Peter Mann; Mitchell Library, Glasgow; Frank Munger;
Gill Neale, who prepared most of the diagrams; Walter Neumark; Leo
Opdycke; Patent Office Library, London; Harald Penrose; Anthony
Pilcher; Nancy Pilcher; Public Record Office, Kew; Registrar of
Companies and Limited Partnerships; Sir George Robinson; Margaret
R. Binning, Public Relations Assistant, Rolls-Royce Glasgow;
Arnold Nayler and Gordon Leith, Royal Aeronautical Society Library;
Royal Commonwealth Society Library; S. G. Williams, Royal Insti
tution of Naval Architects Library; Werner Schwipps; Scottish Record
Office; W. Hudson Shaw; Smithsonian Institution, Washington,
D.C.; Don Storer, Royal Museum of Scotland; Science Museum
Aeronautics Department, and the library; Ted Shreeve; Pat Smith,
Time Publicity Service, Leicester; "Jack" Straw, Brompton Ceme
tery; Richard Tustian; Sue Tyler, who typed the manuscript; Univer
sity of Chicago Library; University of Glasgow Library; University of
London; Victoria and Albert Museum Library; A. H. Whitehouse,
Divisional Administration Director and General Manager, British Aer
ospace Bitteswell Aerodrome, Leicestershire, and the photographic
department; A. Gordon Wilson and E. Brian Wilson; J. L. Wood,
Royal Museum of Scotland; Julian Wright; Sir Eric G. Yarrow.
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To Breast the Breeze, 1867-95

Bladud, a legendary king of Britain who reigned for twenty years
from 863 B.C., is reputed to have met his death in an attempt to fly
from the Temple of Apollo in Trinovantum (London). He is also
credited with the discovery of the healing powers of the natural hot
springs at Bath, in the county of Avon, and is said to have brought
that town "to perfection." 1
Perhaps the spirit of Bladud remains in that city, for it was at 9
North Parade, Bath, that another "flying man" was born on January
16, 1867. Percy Sinclair Pilcher was the fifth and last child of Thomas
Webb Pilcher, a "fundholder" (one who holds property in the public
funds), and Sophia Pilcher, nee Robinson. It seems that they were in
lodgings at Bath, for on Percy's birth certificate his mother gave her
residential address as 10 Earl's Terrace, Kensington, London. 2
Percy's father was born in 1799 and as a comparatively young
man went to Italy and settled in Rome, where he became curator of
the city's British Museum, or picture gallery. An authority on Dante,
he married an Italian widow, the Marquesa de San Pietri, with whom
he lived until her death in 1854. They had no children.
In 1857 Thomas Webb Pilcher married the "very young and
energetic" Scottish lady, Sophia Robinson. Their first child, Thomas
David Pilcher, was born in Rome on July 8, 1858. A second boy,
Malcolm, died as a child, and about 1860 Thomas and Sophia returned
to England and settled at Harrow. Three more children followed:
Violet Ada Gallier, Ella Sophia Gertrude, and, finally, Percy. 3

On October 10, 1874, only some eight years after Percy's birth,
Thomas Webb Pilcher died at Belmont, Harrow on the Hill, leaving
less than £600 "all to my dear wife." 4 At this time Percy's sixteenyear-old elder brother Thomas (known as David in the family) was at
Harrow school. Sophia evidently left Harrow and took the four chil
dren to Celle, near Hanover, in Germany, where she herself died in
1877. At this time Percy was ten years old. There was very little
money to go around, and Thomas, as the senior member of the family
at nineteen, brought his sisters and brother—all of whom now spoke
German "pretty well"—back to England and put them into school.
Following his "military bias," Thomas then joined the militia,
entered the army, and was gazetted to the 5th (Northumberland)
Fusiliers.
In 1880, when Percy was thirteen, Thomas sent him to the
Admiralty to "see the Admirals," and he entered the Royal Navy as
Cadet 173 on July 15. What money he and his brother could earn
went toward finishing the education of Violet and Ella. 5
Although the records dealing with Percy's childhood and educa
tion are poor, they clearly indicate that his interest in aviation had
already manifested itself. His sister Ella, to whom he was very close,
recalled that from his "earliest boyhood he was entirely wrapt up in
the idea of flying." 6
Percy's naval education took place on the training ship HMS
Britannia at Dartmouth, Devon. Flying still occupied his mind, how
ever; Ella recollected that he made "small experiments" and remem
bered him as a naval cadet "explaining what he believed would be the
shape and working of the flying machine of the future." 7
During his first term at the Naval College Pilcher achieved good
results in his studies, placing eighth overall in his term. 8 However,
once he had settled in and familiarized himself with his surroundings,
his conduct fell to "fair" in the second and third terms, and an innate
reaction to military discipline seems to have emerged in the guise of
numerous petty misdemeanors. Percy's conduct record lists no fewer
than twenty-nine "minor offences" and eleven "aggravated offences"
between March 1881 and July 1882.
Despite these small blemishes on his record, Percy performed well
in his studies, being well above average in his class through the four
terms of training, and even restored his conduct to "good" in the
fourth term. He held his eighth position in the second term and
dropped to ninth in the last two terms.
2 Percy Pilcher and the Quest for Flight

HMS Britannia at Dartmouth, Devon, in 1908. Pilcher began his naval cadet training on
this vessel in July 1880. (H. F. Cowley)

Percy's physical qualifications were considered good in the first
term, and he was consistently described as "likely to be of use to the
Service." At the end of his cadet training, in July 1882, Pilcher sat his
final exams and was awarded a Second Class Certificate in mathemat
ics, extra subjects, and seamanship.
From July 21 to August 18, 1882, following his final exams, Mr.
Percy St. C. Pilcher, naval cadet, was "aboard" HMS Duke of Wellington. This was an old three-decker used as a depot ship, and seamen
were held on strength while they were ashore. 9 From August 19, after
being discharged from Wellington, Pilcher served as a cadet on HMS
Agincourt, an iron, screw-propelled ship of 10,600 tons. 10 During this
time he kept a log. After visiting Alexandria (Egypt), Malta, and
Gibraltar, Agincourt left for Plymouth Sound on October 19, arriving
on the 26th. Pilcher was discharged on November 21, and on Decem
ber 9 he joined the flagship of the North American and West Indian
Station, HMS Northampton, an armored iron frigate of 7,652 tons and
6,070 horsepower. 11
Aboard this ship Pilcher made a long cruise in the West Indies,
"from December 1882 to March 1883." The cruise took the ship
down through the Leeward and Windward Islands to Port of Spain,
To Breast the Breeze, 1867-95 3

Trinidad, then via Grenada, Caracas, and Curacao to Port Royal,
Jamaica, which it reached on February 19. On February 24, Northampton sailed again, up through the Windward Passage, around the south
coast of Puerto Rico, and back to Santa Cruz. The vessel reached
Bermuda late in March, by which time Percy was a midshipman,
having been rated as such on March 16, 1883. 12
In late July, Northampton continued northward to Halifax, Nova
Scotia, and during August, September, and October of 1883 it sailed
on a "northern cruise" that took Percy on a round trip from Halifax
to Newfoundland. From there, Northampton sailed across the Gulf of
St. Lawrence and up the St. Lawrence River to Quebec, then back
down the St. Lawrence, across the Gulf, down through the Gut of
Canso between Nova Scotia and Cape Breton Island, and back to
Halifax. On Wednesday, November 21, 1883, Northampton steamed
out of Halifax Harbour bound for Bermuda, where it arrived on
November 25.
During late December 1883 and early January 1884, Northampton
sailed to St. Kitts (St. Christopher) in the Leeward Islands, where she
anchored on January 8. On January 9, 1884, Percy was discharged
from Northampton and the next day he joined HMS Griffon, "Borne
for Instruction in Seamanship." The ship, a composite screw gun
vessel of 780 tons, 13 made a cruise through the West Indies, steaming
down via St. Christopher to Antigua, proceeding under sail to Montserrat, and then proceeding by "steam tactics" to Dominica, Marti
nique, and—partly under sail—to Barbados. On Sunday, February 10,
Griffon was anchored in St. George's Harbour, Grenada. Pilcher was
discharged from Griffon on March 6, 1884, and was signed back
aboard HMS Northampton on March 7. Apart from a short spell of
temporary duty on the sloop HMS Lily, he remained with the frigate
until April 21, 1886.
Returning from leave on June 8, 1886, Pilcher joined HMS
Calypso, a screw corvette of 2,770 tons and 3,720 horsepower serving
with a training squadron at Chatham. 14 On January 1, 1887, he was
discharged from Calypso, and on January 2 he joined HMS Volage, an
iron screw corvette of 3,080 tons15 "to be examined for rank of
Lieutenant." He remained on Volage until May 12. His last discharge
form is headed "Allowed to resign at own request. 18 Apl. 87." He is
still listed as a midshipman.
It was customary to leave the service one rank above that attained
during service, though this was not usual at the midshipman level.
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A pen-and-ink sketch by Pilcher ofHMS Calypso "getting main yard fore and aft" on
August 30, 1886. He served on this corvette for the second half of that year. (Author)

However, thereafter Percy was always referred to as a "lieutenant,"
perhaps because he had passed his examinations just before his resigna
tion, or because midshipman was neither a recognized commissioned
rank nor a "rate." 16 The reason for his break from the navy after seven
years at sea remains obscure.
It seems logical to assume that Pilcher's transatlantic travels pro
vided him with ample opportunity to study the flight of the great
seabirds. It would be obvious to him that power was not essential to
enable man at least to sample the delights of flight. Likewise, his naval
training in knot tying, lashing, pulley systems, and the bracing of
structures was to prove invaluable in the years ahead. It was during his
naval career, as well, that he met and struck up a friendship with the
Honorable Adrian Verney Cave, son of the fifth Lord Braye, of whom
more will be heard later. 17
For the moment, however, Pilcher retained a link with the sea.
Accompanied by Ella, he went to Glasgow, Scotland, where he
apprenticed from June 1, 1887, in the engineering department of
Randolph Elder & Co. (later Fairfields), a shipbuilding yard at Govan.
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There he remained for two years, working his way through the engine
and pattern shops and working as a draftsman until July 8, 1889. 18
During this time he became almost legendary for his ideas, and a
fellow worker has described him as "a pale serious fellow, with a great
bent for invention, and a brain that was razor keen." 19 Then followed
five months as an apprentice moulder with Messrs. Cairns & Co. of
Glasgow. 20
Percy's next move remains something of a mystery. He has stated
that he "attended classes at University College, London, in Engineer
ing, Eng. Laboratory, etc." 21 His sister Ella has written that her
brother "went to the University of London." 22 Other sources, proba
bly taking their lead from Ella's statement, say that he "attended
London University" or "studied" there. 23
Contrary to these apparent statements of fact, the University of
London informed the author: "After a search of the University
records, no trace can be found of a person of this name." 24 It must
therefore be assumed that Percy attended the lectures but was not
officially enrolled as a student. This episode was short-lived, in any
case, for about May 1890 Pilcher began working in the Engine
Department Drawing Office at Southampton Naval Works Ltd.,
managed by John H. Biles, where he remained for eighteen months. 25
One item that survives from this sparsely recorded period is a half-size
drawing—side and front elevations—for a "launch engine 5" X 4","
inscribed "P. S. Pilcher Esqe " and dated October 28, 1889. 26 There are
no clues to its origin or purpose, however.
In November 1891 Percy returned with Ella to Glasgow, becom
ing assistant to Prof. John Biles, now newly appointed as part-time
Elder professor of naval architecture and marine engineering at Glas
gow University. 27 In 1935 Ella wrote: "He had been working for Sir
John Biles at Woolston [Southampton], & went up to help him. They
made a number of tests of the resistance offered by water to differently
shaped bows of ships—with model yachts & of these Percy was at first
in charge." 28 An 1895 reference describes Pilcher as "Assistant Lec
turer to the Naval Architecture and Marine Engineering Class at the
Glasgow University, and Draftsman in the shipbuilding firm of
Messrs. J. & G. Thomson, Clydebank," 29 so he was obviously putting
his time to good use.
The Pilchers were "bright, clever and attractive and made many
friends." 30 Ella is remembered in the family as being "extremely
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energetic and restless,"31 and was "an accomplished songstress."32
Percy was enterprising, energetic, and a bit of a dreamer, according to
family recollections. Sam Mavor, of the Glasgow engineering firm
Mavor & Coulson Ltd., wrote that Percy "was equipped with ingenu
ity and resource, technical ability and knowledge of scientific princi
ples," and displayed "vision, courage, tenacity . . . physical fitness
. . . exceptional mental and nervous alertness."33
It was during Pilcher's time at the university that his interest in
flying began to grow. As the classes met only in the winter months,
Percy had the long summer holidays available for his own interests.34
On November 2, 1893, he was granted his first two British
patents, numbers 20,767 and 20,768. His address was given as 95
Philbeck Gardens, South Kensington, London SW—a family address.
Patent 20,767 was for a simple case made from tinplate "or other
suitable material," designed to be hung upon a "gas bracket, nail, or
other convenient projection" to hold a matchbox. Slots in the bottom
and sides of the case allowed the matchbox to be pushed out. Patent
20,768 was equally simple—it was for circular covers for glasses and
cups to keep their contents "warm and free from dust."35
The following year, 1894, Pilcher was granted Provisional Speci
fication No. 15614 of August 17 for "Improvements in Signalling
Apparatus." This related to signaling devices attached to the anchor
line of a captive balloon, but it was subsequently abandoned. 36 On
November 2, 1894, he applied for Patent 21,024, concerning "captive
balloons, kites, etc.," but the precise nature of the patent is unknown,
for it was again abandoned.37
Pilcher read "extensively,"38 and we can be certain that his atten
tion was drawn to aeronautical items in the popular press during the
1890s, especially those concerning the work of two prominent avia
tion pioneers, Hiram Stevens Maxim in England and Otto Lilienthal
in Germany. Both men had built and tested full-size aircraft, but their
respective approaches to the problem of heavier-than-air flight differed
greatly.
Whereas Maxim had elected to build a massive 104-foot span
biplane-multiplane powered by a pair of 180-horsepower steam
engines, Lilienthal, after years of studying bird flight with his brother
Gustav, had decided to work at the opposite end of the scale, flying
simply built unpowered hang gliders in an attempt to evolve a control
lable device before adding a prime mover.
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Hiram Maxim's airplane test rig on its track at Baldwyns Park, Kent, in 1894. (H. F.
Cowley)

Years of trial and error brought their reward, and in 1891 Otto
made his first successful gliding flight, in his No. 3 glider. Various
designs followed, all light structures of willow and fabric, culminating
in the No. 11 "Normal-Segelapparat" or "standard" monoplane
glider of 1894. This became the first heavier-than-air aircraft to be
produced in quantity, Lilienthal supplying them to other experi
menters at a cost of £25 each—equivalent to more than £500 ($745)
today. 39
Accounts of Lilienthal's flying experiments illustrated by photo
graphs of the German pioneer sailing through the air were widely
published, and Percy Pilcher decided that it would be "most interest
ing to try and copy, and to try and proceed further with what he had
done." 40
He began by building and testing model gliders in the lodgings
that he shared with his sister Ella in Byres Road, but objections from
his landlady forced him to seek alternative accommodation. The new
lodgings were in Kersland Street. 41 Percy was fortunate to be granted
the loan of a large room under the roof of the university—reportedly
one of the natural philosophy rooms—for use as a workshop when the
university was closed. 42
Although none of the correspondence between Pilcher and Lilien
thal is known to survive, Percy must have been in touch with the
8 Percy Pilcher and the Quest for Flight

Otto Lilienthal (1848-96),
the great German pioneer
whose experiments with
hang gliders inspired Pilcher.
This portrait was taken in
1895, the year that Pilcher
built his first machine.
(Smithsonian Institution)

Lilienthal flying his No. 6
glider at Rhinow in 1893.
(Werner Schwipps)
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German pioneer early in 1895, because he made plans to visit him in
Berlin in the spring. However, he began work on his first full-size
man-carrying glider early in the year. His purpose in beginning its
construction before seeing the Lilienthal machines firsthand was "to
get the greatest advantage from any original ideas I might have." 43
This glider became known as the "Bat"—possibly because it
looked, as the Glasgow Evening Citizen noted, "like a huge bat with
outstretched wings." 44 Designed to be easily transportable when bro
ken down, it comprised five basic components—a body piece, a "tri
angle," two wings, and the fin. The central component was the body
piece (11 feet 8 inches long and 2 feet 4 inches wide), 45 in which stood
the pilot, whose forearms were slipped through leather sleeves on the
longitudinal members, each hand grasping a rigid handle. The legs of
the triangle passed through "quadrant-shaped" steel plates screwed to
the body piece and to the front spar of each wing. The apex and lower
corners of the triangle formed attachment points for the upper and
lower wing-bracing wires. Nainsook, used for light racing sails and
"generally manufactured in India," 46 covered the wings and fin and
was deemed to be "the most suitable material to be had at a modest
price."47 Ella's skills at the sewing machine came to the fore in the
shaping of these surfaces. 48
Behind the main spar and radiating rearwards from the innermost
front corner of each wing were four light ribs, each of which was
braced with piano wire at three points above and below to the afore
mentioned triangle. The front spars crossed one another in front of the
triangle, their extremities being lashed to the opposite sides. The roots
of each of the eight ribs were finished with two small steel plates,
through which passed a bolt securing them to the steel quadrant on
the triangle. Simply by undoing the lacing that held the fabric to the
body piece, one could fold the whole wing surface forward "like a
fan" 49 and wrap it around each main spar like a furled sail. A long
bamboo rod with the end bent around and covered with fabric formed
the fin and completed the structure. There was no tailplane.
Built principally of Riga pine, the finished Bat weighed 44
pounds empty and was designed to bear from 180 to 200 pounds in
flight. 50 A notable feature of the assembled glider was the acute dihe
dral angle of the wings, the tips being some 4 feet above the roots.
Pilcher incorporated this angle because he "believed that it would
facilitate transverse balance," 51 "just as a kite is stable sideways when
it is of this shape, or as a piece of paper folded to a V-shape will always
10 Percy Pilcher and the Quest for Flight

The acute dihedral of the Bat's wings is apparent in this front view, with Pilcher, wearing his
polo belt, demonstrating the pilot's position. (Author)

A three-quarter rear view of the Bat in its first form. The lack of a tailplane is conspicuous.
The two men are unidentified. (Author)

fall on the folded edge." 52 It is uncertain whether he proofed the fabric
of this first machine to render it waterproof (and airtight), but by the
end of the year he was certainly doing so. After the "sails" were
completed, they were dipped first in a saturated solution of sugar of
lead (lead acetate, which was used as a mordant in the dyeing and
printing of textiles), and then straight into a saturated solution of
alum (a double sulphate of aluminum and potassium, also used as a
mordant in dyeing as well as in sizing paper and fireproofing). When
the wings were dry, Pilcher stated, "Water if poured on to them will
To Breast the Breeze, 1867-95 11

run off as if they had been oiled." The only side effect was very slight
shrinkage; there was no perceptible increase in weight. 53
Testing of the Bat was delayed by Pilcher's first visit to Germany,
in April, to meet Lilienthal and to see him fly. By this time the
German engineer was gliding from a 50-foot conical artificial hill (the
"Fliegeberg"), which he had had thrown up at Lichterfelde in 1894,
using earth from canal excavations close to his home. He had incorpo
rated a "cave" in its peak in which to house his machines. 54 Pilcher
found that "the country round is as flat as the sea, and there is not a
house or tree near it [the hill] to make the wind unsteady, so that this
was an ideal practising ground." 55
Helped by his knowledge of the language, the disciple learned a
great deal from his master. Lilienthal had made an unprecedented
study of bird flight over some twenty-five years and had published his
now-classic book, Der Vogelflug als Grundlage der Fliegekunst (Bird Flight
as the Basis of the Flying Art). 56 Octave Chanute, in his great and still
unsurpassed chronicle of aviation's early development, Progress in Flying Machines, acknowledged LilienthaPs work as being "among the
most systematic and carefully conducted series of experiments that
have ever been made in the direction of artificial flight." 57 "Dexterity
alone," Otto wrote, "invests the native inhabitants of the air with
superiority over man in that element," 58 and he then set about attain
ing that dexterity by careful and progressively longer flights. The
cambered wings of his hang gliders, based on those of birds, enabled
him to make repeated flights with a descent angle of 1 in 6, and
sometimes as low as 1 in 10, when some 300 feet was covered from
takeoff to touchdown. 59
Lilienthal believed that he and his brother had discovered the
"real secret of flying" in the "slight curvature of the wing," "as a
logical deduction from the flight of birds." 60 Unbeknownst to him,
however, Sir George Cayley had speculated on the superiority of
cambered surfaces in the 1800s, and at least two others had made the
same discovery at about the same time as he had, each of them
unaware that others were treading the same path.
In 1884 an Englishman, Horatio Frederick Phillips, had patented
the "dipping" edge, the diagrams in the patent depicting several
forms of arched wing section. 61 Although Phillips's theory was inade
quate, he is given credit for being the first to establish the form of the
airfoil. From Lilienthal's writings, it appears that he was unaware of
Phillips's work and had discovered the advantages of the "curved
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wing" quite independently during 1890-94. However, as that great
pioneer of aerodynamics F. W. Lanchester has pointed out, "There is
no evidence to show that Lilienthal possessed more than a practical
acquaintance with the arched form."62 Lanchester continues: "About
the same time as Lilienthal was at work [I] succeeded in evolving the
arched form, or dipping front edge, purely from theoretical consider
ations, at the time having no knowledge of the previous work of
Phillips or the experiments then being conducted by Lilienthal. [I] first
formulated [this] theory in 1892." 63
While Lanchester remained earthbound and progressed by theory,
^Lilienthal believed that progress should be made in practice, carefully
and by stages, beginning with small unpowered machines carrying one
man. Some of his reasoning went as follows: "The increasing size of
the apparatus makes the construction more difficult in securing light
ness in the machine; therefore the building of small apparatuses is to be
recommended. . . . experiments in actual flight will only be instructive
when a man participates in the flight, and maintains stable equilibrium
at will. . . . Gradual development of flight should begin with the
simplest apparatus and movements, and without the complication of
dynamic means."64 The German's greatest error lay in his conviction
that, when power came to be applied to propel the machine, it would
be used to flap the wings or "portions" of them. He seems not to
have considered the airscrew.
When Pilcher went to Lichterfelde in April 1895, Lilienthal was
flying his No. 11 monoplane, which weighed 56 pounds and had a
wing area of 105 square feet. Percy described the glider as being
"roughly made, almost entirely of peeled willow sticks, covered with
cotton shirting." 65 Crude though these structures may have been,
they worked, and Percy was able to obtain firsthand advice on their
management. By shifting his body fore and aft, and thereby adjusting
the machine's center of gravity, Lilienthal could make his glider accel
erate or slow down. A degree of longitudinal stability was provided by
the tailplane, which was set at a marked negative angle to the wings
and therefore had a constant download imposed upon it. The dihedral
angle of the wings was far less than in the Bat, and by swinging his
torso and legs to the left or right Lilienthal could bring down a raised
wing or even accomplish tentative turns. This was not an instinctive
action, for it was the pilot's natural tendency to extend his legs toward
the low wing, especially when near the ground. However, this would
only exacerbate the situation, and the pilot had to train himself to
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react by swinging his legs away from the low wing, thereby lowering
the high wing and regaining level flight.
Landing, too, demanded a novel technique. If a landing was made
at flying speed (about 25 miles per hour), it was impossible for the
pilot to avoid being dragged helplessly along or even being bowled
over in his machine. The birds supplied the answer, still in use with
modern hang gliders. A few feet above the ground before touchdown,
the pilot shifts his weight backward. This effectively stalls the machine
in the air, allowing it to drop to the ground with virtually no forward
motion at all.
Other perils were waiting aloft—lose forward speed and the
glider could slip backward or stall and plummet out of control; lower
the wings too much in front in an attempt to regain speed, and an
irrecoverable nosedive could result.
When Pilcher described his own glider to Lilienthal, the German
was dismayed to learn that his disciple had omitted to fit a tailplane.
He urged the young Englishman to do so, as it was "absolutely
necessary," but Pilcher firmly refused to believe that it was. 66 The
reasoning is obscure. Pilcher's own observation of birds would have
shown him that they invariably have a horizontal tail surface but no
fin. Why he elected to adopt the opposite arrangement remains a
mystery.
Upon his return to Glasgow, Pilcher prepared to test the Bat,
which was probably ready by the end of May. Lacking a man-made
purpose-built hill like LilienthaPs, he had to settle for the best natural
slopes that he could find, and the chosen site was at Wallacetown
Farm, just inland and east from Cardross, Dumbartonshire, on the
north bank of the Clyde. 67 The hills in the area were not exceptionally
steep (the ground was 250-400 feet above sea level) and faced in any
wind direction from south to west. Moreover, the slopes faced the
Firth of Clyde, and the prevailing wind, coming across that expanse of
water, was as free from turbulence as could be hoped, although the
area was squally. The site was sufficiently remote to allow escape from
spectators, but it was reasonably accessible by railway or cart. None
theless, it must have been no easy journey for someone laden down
with glider components.
On a calm day in June a hill was selected sloping toward the
prevailing wind, and Pilcher stepped into the Bat and ran down the
hill. The glider "took its own entire weight, but little more," and
when the foot of the slope was reached it "invariably pitched for14 Percy Pilcher and the Quest for Flight

wards, bringing the experimenter to his knees with considerable force,
and often running the bowsprits deep into the ground." In an effort
to correct this problem, Pilcher moved the handgrips back in the body
piece in an attempt to adjust the center of gravity. However, on the
second day of tests this adjustment only helped a little, and the inven
tor was forced to accept that Lilienthal was right.68 "Without the
horizontal rudder," he said later, "I was able to do nothing—it was
not until I had put on the horizontal rudder that I was able to leave the
ground at all."69
A completely new tail, comprising a circular tailplane bisected by
a circular fin and attached to the body piece by a curved bamboo
boom, was next fitted.
"At the next trial," reported the Practical Engineer in its Decem
ber 6, 1895, issue, "there was a nice wind blowing up the hill, and
Mr. Pilcher having rigged at the foot of the hill, in the shelter, backed
up to the summit, keeping the front edge of the wings down, that the
machine might not lift. Having reached the top, he held the wings up
a little in front, and was immediately taken up 4 ft. into the air,
remained poised for a few seconds, and then, throwing his weight
forward, came down on exactly the same spot as he had been taken up
from; but on landing the machine was caught by a side puff, and was
blown over, breaking the front spar in the starboard wing." 70
Thus, for one brief, exhilarating moment, Pilcher experienced his
first tentative flight in a glider of his own design and construction—
and also his first crash, albeit a minor one from which he emerged
unscathed. He was undeterred, and probably elated. The report con
tinues: "This mishap was quickly sufficiently repaired for him to make
some more trials. He ran down the hill several times, taking leaps of
up to 50 ft. in length, and in height about 2 ft. or 3 ft. from the
ground; but it being turned over again, the machine was too much
injured to be mended on the field. The increased success was evidently
due to the new rudder." 71
A report in the American Engineer and Railroad Journal for August
1895 stated that the wind was blowing at 15 miles per hour and was
"unfortunately rather puffy," and that the first "flight" had lasted
some ten seconds.
Sadly, the date of this significant event in British aviation has
passed unrecorded, but it most probably occurred between late June
and mid-July. Pilcher repeated these experiments the following week
"with much the same success, but again broke one of the spars. He
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Another angle on the Bat. Note that the fabric is beneath the ribs, a system that was reversed
on the Gull. Ella is in the center of the group, Percy on the right. (Author)

Percy and Ella Pilcher demonstrate the Bat's portability at Cardross in 1895. Percy carries the
furled wings and the bracing triangle, while Ella totes the tailboom and fin and the body
piece. (Author)
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A good headwind could be exploited to do the work of carrying the modified Bat, with its
bisecting circular fin and tailplane, back uphill after a glide. Percy demonstrates the technique
in this 1895 photograph, taken near Auchensail. (Author)

Pilcher prepares to fly the interim Bat, 1895. (Author)
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attributes these accidents," continues the American report, "to the
fact of his wings being so much elevated at the points that a puff of
wind from the side can get under one wing and raise it while the other
is sheltered. Therefore, before mending the machine described above,
he has determined to build another on the same principles, but of
entirely different structure, and with the wings very much less ele
vated." 72
Pilcher was certainly not at all happy with the excessive dihedral
angle of the Bat's wings. "The upturned wings were all very well if
there was no wind, or if the wind was steady," he stated, "but if the
wind shifted slightly sideways, and came on to one side of the
machine, it would tend to raise the windward wing and depress the lee
one, and capsize me sideways, which nearly always meant a breakage
in the machine." 73 This problem was particularly noticeable on the
ground. "If one were far in the air," he later wrote, "one would have
time to recover, but when standing on the ground a machine which is
stiff sideways will always get capsized by a change in the direction of
the wind." 74
In an attempt to resolve this difficulty, Percy set aside the Bat and
designed a second glider. The restrictions imposed on the design by the
need to make it transportable were avoided by renting "a farmhouse
with a very large, empty barn at Cardross" (actually it was located at
Auchensail, now Low Auchensail, to the north of Cardross). 75 This
meant that component parts could be built in Glasgow and taken to
the barn for final assembly. The completed glider could then be
"hangared" permanently in the barn at Auchensail.
Percy planned to install an engine in this machine after the initial
gliding trials, and to this end it was made much stronger and was
consequently heavier when completed (weighing some 80 pounds
empty) and had a greater wing area (170 square feet). 76 Structurally,
too, it was very different from the Bat. The body comprised two side
frames employing Warren girder-type construction—almost certainly
the first application of such construction in an aircraft—with spacers
between them allowing enough width for Percy's shoulders. It was
built entirely of white pine. 77 The square-cut wing was based upon
five transverse spars, or ribs, of bamboo—a notable departure from the
Bat's radial ribs—and the wing curvature was formed by the curve of
the top longerons of the fuselage, across which the spars were laid. A
pair of chordwise ribs were also provided on each side. Two kingposts
were attached to the body at about one-third chord and protruded
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Ella Pilcher, who helped to
sew the wings for her
brother's gliders and was a
staunch supporter in his
experiments. (Author)

some 3 feet above the wings. From these, bracing wires were attached
to two points on each spar to support the wing at rest, and several
"lift" wires ran from the lower longerons out to the wings. A
bamboo-framed tail similar to that of the Bat, comprising two discs
crossing at their centers, was wire-braced to the rear end of the
innermost chordwise rib and to the body.
The wings were completely flat transversely and, in an attempt to
compensate for the lack of inherent stability, Pilcher positioned himself
much lower in the frame, his forearms passing through sleeves on the
lower longerons. Thus the wings were at eye level, and all of the
pilot's weight was below the wings. This position provided a great
deal of pendulum stability.
When one sees this machine from the rear, with its stiff, carapacelike wing, it is easy to understand why Pilcher dubbed it the Beetle.
Unfortunately, the Beetle proved every bit as ungainly as it
looked, despite its improved method of construction. First of all, its
excessive weight made it tiring to handle. Second, Pilcher very quickly
discovered that the low center of gravity resulting from the high wing
allowed him "very little control" over the machine. "A sudden puff
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The lack of dihedral and the pilot's low position are evident in this study ofPilcher in the
Beetle in front of the Auchensail farmhouse about June or July 1895. (Author)

A three-quarter rear view of the Beetle reveals its five spanwise "ribs," or spars, and the great
wing area 170 square feet. The fabric is again beneath the ribs. (Author)
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The Bat "Mark 3," with its deeply arched wings, rides the breeze while Percy holds the
forward extensions of the body piece. The ribs are still in sleeves above the fabric. (Author)

In this front view, with Pilcher on the right, the string tensioners are visible where the bracing
wires meet their wing attachment points. (Author)

of wind," he wrote, "would carry the machine backwards, leaving
me, because of my weight, as it were, behind, and it is only by
slipping out of the machine when it was above my head that I several
times avoided going head over heels backwards with it." 78
Disenchanted by this experience, Percy returned to the Bat. Dur
ing the first trials he had broken so many front spars that he decided to
replace the inflexible pine by a more supple wood. 79 He also arched the
spars downward transversely to reduce the dihedral considerably, the
tips being only some 6 inches above the roots. 80 In this form the Bat
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also seems to have been fitted with a refinement to the bracing that
later became standard practice. Instead of attaching the wires directly
to the ribs, Pilcher made them short and linked the wire loop in the
end of the bracing wire and the anchoring loop on the rib by string or
twine. Like the turnbuckle of much later bracing systems, this
arrangement allowed the wire tension to be easily adjusted by tighten
ing the string link; thus the wire itself did not have to be untwisted
and rewound.
"With the wings turned down," reported the Practical Engineer,
"the machine has no real stability of its own—that is, it has practically
no tendency to right itself if inclined to one side when head to wind in
a breeze; but at the same time, if placed not exactly into wind, it has
very little tendency to capsize. Both transverse and longitudinal bal
ance have then, with the turned down wings, to be maintained by the
operator moving his weight about in the machine." 81
Once again theory was put into practice on the gentle slopes at
Cardross. By staying at the Auchensail farmhouse during the summer
vacation, Percy was able to practice "almost daily," 82 although the
winds were usually squally. Needless to say, he envied Lilienthal his
prime testing hill with its steady winds. In late August and early
September the testing of the modified Bat began. Pilcher stated that,
with the lowered wing tips, "I obtained by far my best results." 83
The modification allowed him to make trials in stronger winds than
before, and on September 12 he was "picked up from the ground,
taken up 12 ft., and landed after spending nearly half a minute in the
air; and later on the same day—after the wind had gone down a
little—a line was tied on to the front of the machine, and a man ran
with this; the result was that the machine, with Mr. Pilcher in it,
went 20 ft. into the air, and was away from the ground nearly a
minute." 84
Pilcher reported in Nature magazine,
With this original apparatus [I] have been picked up by a puff of wind
over and again, sometimes as much as 12 ft. above the spot I was lifted
from, and put down again on exactly the same place. At other times,
when there has not been so much wind, I ran to meet the wind with
the front of the wings depressed somewhat, so that my weight is only
partially taken by the wings, and in this way I am . . . able to run very
much faster than without the wings; then raising the front edge a little,
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Pilcher makes a towed flight in the Bat "Mark 3" in 1895, one of the earliest photographs
deputing a manned heavier-than-air aircraft inflight in the British Isles. The boy with the
tow line is on the left and Ella is on the right. (Author)

I am able to take a longer soar down a slight incline. The only slopes on
which I was able to practise, were not steep enough to make it possible
for me to soar for any great distance; and therefore I have at times, on
days when the wind was fairly steady, attached a string to the front of
the machine, with which a boy has run and kept me in the air for about
half a minute. I never used a line when there was enough wind to pick
me up without forward movement, on account of the strong winds at
Cardross being so very squally."85

These early towed glider flights were the distant forerunners of
the modern winch tow, and Pilcher was to make increasing use of the
technique. Two photographs taken during these tests are the earliest
pictures of a heavier-than-air aircraft airborne in the British Isles.
The Practical Engineer reported that the experiments became
much more certain as the experimenter gained experience—i.e. when he
had gained sufficient quickness and experience to be ready in any crisis
instinctively to bring the whole or part of his weight, as the case might
require, to bear on the side of the machine that was caught by the
wind, or, of course, fore or aft, if need be.
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The chief difficulties of balance are met with on attempting to land
after a flight. When there is a good deal of wind, and the machine has
been lifted up and set down again on the same spot, landing is compara
tively easy. With a little practice the transverse balance can be main
tained, and the longitudinal balance is easy; but after a flight against a
very slight wind, or in almost calm weather—i.e. when the speed over
the ground has been great—the landing presents great difficulties. The
wings must be raised in front to stop the forward motion and prevent
tipping over forwards. . . . Mr. Pilcher's best results have always been
made with a wind of about 18 to 23 miles [per hour], blowing straight
up the hill. . . . He finds it best, if possible, to get a breeze straight off
the sea, for any building or wooded land to windward is apt to make
the wind unreliable.
From these results Mr. Pilcher has learnt that with a total weight
of 200 Ib. and a sail area of 150 square feet, in order to lift, the machine
must go through the air at a speed of rather more than 20 miles an
hour. If the wind has this speed, the experimenter can stand still, and,
lifting his wings, will be picked up off the ground; if, however, the
breeze is less, it must be made up for by running hard down the hill,
the wings being feathered, when they offer scarcely any resistance to
the wind, until the necessary speed has been reached; then, lifting them
in front, the machine rises into the air. Sometimes a small line has been
tied to the machine, with which a man has run. . . . On some occasions
Mr. Pilcher has been lifted 20 ft., and taken over a surface of 200 or
more feet, before touching the ground again. 86

The need to "rear up" and stall the machine when landing in low
winds had led Lilienthal to fit a tailplane that was hinged at its leading
edge, allowing the trailing edge to rise freely, though wires prevented
it from falling below the desired negative angle. This meant that when
the pilot tipped back the glider, the tail simply "gave" and offered no
resistance, thereby making the action more rapid. By restraining it
from traveling downward, the wires avoided a nose-over. Pilcher had
adopted a similar system on his bisected circular tailplanes. 87
The major task of learning to fly was hampered by relatively small
but frustrating problems: "the difficulty of finding hills which face the
wind on different days, and moving the machine from one field to the
other, over hedges, ditches, gates, &c., often after it is rigged, and the
great objection horses and all cattle have to the machine." 88
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Percy had to stop experimenting at the end of September "on
account of the unsettled winds and short days"89 (and probably
because of the beginning of the university's winter term). However,
he thought that "so far as I have gone, my work has been rewarded
with as much success as could possibly have been hoped for." 90 Land
ing had been learned painfully: "Sometimes it is very difficult to tilt
the machine up suddenly—I have landed at full length on my stomach
trying to get my weight far enough back & yet landed so fast that the
machine has slid some yards on the ground before stopping."91 The
lowered wing tips were also more prone to damage, and breakages
were not uncommon.
To support his back while controlling the gliders and bringing
them in to land, Percy had from the outset worn a wide polo player's
belt. Some 5 inches deep and with three front-fastening leather straps,
it was buckled tightly round his waist before flying. He also tucked his
trousers into long, thick woollen socks.
In a report of Pilcher's experiments entitled "Aerial Navigation,"
published in its issue for October 19, 1895, the Glasgow Evening
Citizen revealed some of the pioneer's plans for the winter and the
following year.
It is Mr. Pilcher's intention ... to still further extend the area of the
wings on his next machine to 300 square feet—exactly double the
dimension of his first.
In the coming winter he intends to construct a small engine which
will develop two horse power, and will be worked by means of car
bonic acid gas carried compressed in a liquid form. This will enable him
to work the engine for about a minute. Mr. Pilcher, therefore, hopes by
next year to be able to fly, at all events, some hundred yards.
The engine, which will run at a given number of revolutions, will
be placed in the centre of the machine, and will be so connected as to
drive a screw propeller of about 3 ft. diameter placed under each wing.
These should give a thrust of about 20 Ibs. [sic]—that is about onetenth of the total weight of the machine which will weigh altogether
about 70 Ibs. This, it is expected, should float the machine at a speed of
25 or 30 miles an hour.

A sheet of sketches and calculations now in the library of the
Royal Aeronautical Society depicts the preliminary outline of this
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machine, which Pilcher was to dub the "Gull." In addition to tenta
tive front and side elevations, the sheet contains rough sketches for the
tiny carbonic acid gas engine. Accompanying calculations allow for
1-inch diameter cylinders, 2-inch stroke, and two cylinders producing
1 horsepower at 1,000 revolutions per minute; 1 Winch diameter,
2 1/2-inch stroke producing 1V2 horsepower at 1,000 revolutions; and
also for a unit of unspecified dimensions producing 2 horsepower with
a gas flow of 600 cubic feet per minute. 92
The idea of the 2-horsepower carbonic acid gas motor was not
original. Otto Lilienthal had built just such a unit to power the
ornithoptering wing tip "driving feathers" of his No. 16 monoplane,
built in 1893 and tested in 1894. 93 Percy had obviously learned of this
during his visit to Germany, for he described its working in a lecture in
December 1895: "When ever he [Lilienthal] touches a valve with his
thumb a single acting cylinder gives a stroke—this makes the drivers
flap down by means of the bell-crank levers . . . elastic connections at
the top bring the drivers up again—this apparatus was tried last year
and unfortunately broke owing to technical defects—before any good
results were obtained." 94 It is unlikely that "good results" would ever
have been forthcoming, for 2 horsepower would have been totally
inadequate, even driving Percy's screw propellers, let alone Lilienthal's
crude flapping feathers.
Pilcher must have set to work very quickly on the Gull, with its
300 square feet of wing area. Light winds in the summer of 1895 had
precluded the possibility of gliding on some occasions, and the new
machine was specifically designed with calm days in mind. 95
Once again, several refinements and "new" constructional ideas
were incorporated. Although the glider employed the now-familiar
bisecting-disc tail surfaces, its body piece was a simple wire-braced box
girder of longerons and stringers, tapered fore and aft. Attached to
this, and extending out to each side below the wing surface, was a
"subframe" consisting of short upper and lower spars. At the tips of
these spars were two tall vertical bamboo kingposts that extended up
through the wing on each side, about one-third of the chord back
from the leading edge, and were linked at the top by a bracing wire.
Radial ribs were again used, but these now pivoted on the kingposts
above the top spars. Only "landing wires" were fitted, three to each
rib, and these were anchored to the tops of the kingposts. The tail was
also braced. Like the Bat, the Gull, which reportedly weighed 55
pounds and had a loading of only 0.7 pound per square foot with
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pilot,96 could be broken down for transport. The body piece and tail
were detached, and the wings were folded back around the posts.
By now, however, it was too late in the year to test such a lightly
loaded machine, and in his lecture to Glasgow University's Students
Engineering Society on December 12 (to be covered in greater detail
shortly), Pilcher stated that the Gull had "not yet been really tried—
will wait for very calm settled weather." 97
The word "really" in the above quotation suggests that a tenta
tive trial had been made. This idea is supported by two photographs of
the Gull with its starboard wing damaged in an original album of
Pilcher photographs in the author's possession. The fact that the wing
covering looks clean and new and that Percy is wearing a pullover
indicates that the pictures were taken late in the year. Of additional
interest is a poem stuck to the facing page and dated October 11,
1895:

Elegy
Oh! I would I were a seagull
Or bird of any kind,
(For whether owl or other fowl
I would not greatly mind);
I would quit this world plebeian,
I would scale the empyrean,
And the moon and sun I would soon outrun
And leave them far behind.
If I had but sturdy plumage
I'dflee this slavish crowd;
With tit and wren, with hawk and hen
I'd course amid the cloud.
But it still, alas! doth fail me,
For the sour fates hot assail me,
And with jealous eye they observe, and try
To slay my project proud.
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"In wreck their beauty lies." Pilcher stands beside the damaged Gull, ca. October 1895. The
absence of a crossbar between the kingposts suggests that this picture depicts the Gull in its
earliest form. (Author)

For I built me stately pinions
Like snowy canopies,
To breast the breeze and top the trees
And wheel about the skies.
I spread each spotless feather,
—Ah me, the traitor weather!—
For there came one puff; it was quite enough:
In wreck their beauty lies.
So with purple oaths assist me
My fury to assuage,
For I cannot hope my tongue will cope
With the measure of my rage.
Since up here I must seem proper;
(If my sister swears, I stop her)
Yet my studied smile cloaks a depth ofguile
That no Devil's plumb could gauge.
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Although this delightful—if somewhat amateurish—verse on the
frustrations of flying is written in the first person, the original is not
in Percy's handwriting, and it may well have been written down by
Ella. However, whether she or Percy was the author remains a mys
tery. The most appealing possibility is that Ella composed it to
"assuage" her brother's fury after crashing his newly built Gull. The
reference to Percy having to "seem proper" in the eyes of their
companions is a wonderful insight into his reluctance to conform to a
stereotyped university image.
Prof. John Biles recalled an approach for assistance that Pilcher
made to Lord Kelvin, the university's professor of natural philosophy:
He [Pilcher] was one of the few men I have met who had no sense of
fear. ... I was deterred from helping him as much as I ought to have
done by a fear of the risks that he ran. He at one time talked to Lord
Kelvin about helping him: Lord Kelvin spoke to me about it, and said
that on no account would he help him, nor should I, as he would cer
tainly break his neck. 98

Pilcher's sister Ella wrote that "Lord Kelvin used to send chaffing
messages to Percy about flying, but he also gave us the use of a very
large room at the top of the University to work in when the Univer
sity was closed."99 Unfortunately, Kelvin was not the best person to
approach on such a matter. The following year, when invited by Maj.
B. F. S. Baden-Powell to join the Aeronautical Society of Great Brit
ain, Kelvin replied on December 8 that "I have not the smallest
molecule of faith in aerial navigation other than ballooning or of
expectation of good results from any of the trials we hear of. So you
will understand that I would not care to be a member of the Aeronau
tical Society." 100
By late October 1895 Pilcher had moved to lodgings at 12 Wilson
Street, in Glasgow's Hillhead district, a little further from the univer
sity than either of his previous addresses in the city. From here he
wrote to London on October 23. The addressee was possibly Maj.
B. F. S. Baden-Powell, brother of the Chief Scout and member of the
council of the struggling Aeronautical Society of Great Britain
(ASGB). Baden-Powell was an enthusiastic kite flyer and a prolific
writer on aeronautics.
Pilcher wrote that he was "very pleased with the success I have
had—My new machine with 300 sq. ft. area [the Gull] is quite another
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shape . . . and as far as I can judge is an improvement." He enclosed
two photographs, commenting, "you will see one of the wings is
broken in the photo with the sails [wings] set," and adding, "I think
you will find one of these machines very much easier to handle than
kites in the ordinary sense of the word. If you think of experimenting
with a machine of this kind," Percy concluded, "I will get one made
for you if you would like me to do so. Workmanship is a good deal
cheaper up here than close to London." 101
In its issue of December 6, the Practical Engineer reported that
Pilcher was working on yet another glider of similar construction to
that of the Gull, but with only 170 square feet of "sail"—the same as
in the Beetle. "Both [the Gull and the new machine]," the magazine
stated, "are designed so that it would be possible to add a small engine
in front of the experimenter, to work a screw propeller placed under
each wing." This machine was to have an undercarriage. A specifica
tion and drawings survive in the Royal Aeronautical Society for two
wheels 9 inches in diameter "for P. S. Pilcher, 12, Wilson St.,
Hillhead." They were to have brass bushes and solid rubber tires l/2inch thick and 3/4-inch across. The wood was to be "very dry plane
tree." 102
Pilcher hoped to display his new glider at his lecture to the
Glasgow University Students Engineering Society on December 12,
but it was not ready in time. 103 The lecture went ahead nonetheless. It
was Pilcher's first, and the first by any Englishman who had made
repeated flights as the pilot of a heavier-than-air aircraft. One can't
help but wonder whether the students had their tongues in their
cheeks when they asked this lecturer, with his eccentric pastime, to
speak before them. However, if they had expected to be amused they
would have been disappointed, for the talk, although entertaining,
was thoroughly practical.
After opening his address with the announcement that "the his
tory of experiments with flying machines is more or less a history of
disasters," Percy added, "contrary to the ordinary state of things the
aeronautical monomaniac frequently overlooks the fall in the joy that
he was a sufficient height off the ground to get one—He comforts
himself for bumps and buffets by saying, as would-be riders say, that
falls are the first steps to success." 104
He then went on to mention two early predecessors, Roger
Bacon and the "tower-jumping" Jean Baptiste Dante of Perugia.
Next he covered the experiments of the French sailor Jean-Marie Le
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Bris, who, in 1854, had made trials with an "artificial albatross" of
50-foot span and was said to have reached 300 feet and covered 600
feet—with a carter suspended underneath by the release rope! After
referring to later trials by Le Bris in 1867, Pilcher leapfrogged succeed
ing experimenters to concentrate on the work of his mentor, Otto
Lilienthal. He showed illustrations of a No. 11 glider supplied to "Mr.
Bennett of Oxford" for £25 (this machine will reappear later in this
story) and slides of Lilienthal in various flying attitudes. Pilcher
described the control: "Slide 5 shows the machine in a critical posi
tion—He has got the machine too much up in front—it has lost its
forward motion—and consequently his legs are thrown very far for
ward to get the CG forward so as to incline the machine down
again—as one of the great dangers with a soaring machine is losing
forward speed & slipping backwards."
Percy had received letters, papers, and press clippings from Otto
in the preceding months105 and was able to provide informed comment
on the German's progress. Reference was made to a successful 90degree turn accomplished in May and to the aforementioned powered
glider, which had a sufficient store of compressed gas for "nearly half a
minute" of horizontal flight.
Turning his attention to the scientific side of the subject, Pilcher
described the forces acting on flat and curved surfaces—lift and
"drift"—or drag, as it is now known. He emphasized Lilienthal's
important "discovery" that "a slightly curved surface is very much
better for wings than a flat surface." LilienthaPs tests had not been of
sufficient accuracy to determine the optimum curvature for best per
formance. In fact, Pilcher stated,
the effect of curvature is much the same whether the curve is a circular
arc—or whether it has more curvature in front or behind—or whether
the curvature is practically] circular underneath & thickened at the top
more at the front edge as a bird's wing . . . The exact effect of differen
tial curvatures is ... not known at all clearly.

It is obvious that many of the criteria were established more by
in-flight observation than by scientific experiment. For instance, he
stated that he believed the center of lift of a surface with a maximum
depth of curvature equal to one-twelfth or one-fifteenth of its chord
would be about one-twelfth of the chord in front of the center point:
"I gather this from the position of my weight in soaring machines
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when they have been balanced—& from the position of Herr Lilienthal
in his machine."
To reduce the fore and aft travel of the center of lift, Pilcher
suggested that the wing could be split into "several short ones." We
have no drawing of his proposal, but it seems to refer to a staggered
tandem multiplane, for he states: "In order that the lift of the after
surfaces shall remain practically uninjured by the surfaces in front—the
spaces between the surfaces must be at least as great as the length
[chord] of each. So to obtain the same area the total length [overall
chord] will be practically doubled." "When a surface is split up into
small parts—it is better to drop the after ones a little . . . this gives
them more solid air to work in."
The alternative was, of course, "superposed" surfaces, as in a
biplane. Pilcher alluded to the tests of models by Prof. Samuel Pierpont Langley of the Smithsonian Institution in Washington, D.C.,
which had proved the practicability of the idea, but warned that "the
great objection to this system is that if forward speed be lost there will
be practically no parachute action—to check a fall—and regaining
forward speed would be a much more difficult matter."
Next, Percy spoke about the materials of which wings could be
made, referring to experiments made by Hiram Maxim to determine
the lift and drag of a steel frame covered with different materials. This
led to a discussion on the best means of tensioning and waterproofing
"sails" (Pilcher's formula for the latter is described earlier in this
chapter).
He then turned to longitudinal balance, with particular reference
to Langley's model experiments. However, because of his need to
arrest his glider's forward motion by deliberately throwing his weight
back before touchdown, Pilcher stated: "When a soaring machine is
made to carry a man—automatic longitudinal] balance cannot alone
be relied on." "And," he added,
the man must have it in his power to stop the machine from lifting him
off the ground suddenly if a puff of wind comes if he does not wish it
to do so—
This could be done by fitting a horizontal rudder which the man
could work—but much the easiest thing is for the man to move his
weight about in the machine [perhaps a rather short-sighted rejection of
the elevator owing to limited experience with small and light
machines].
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If he keeps his weight forward in a properly designed machine he
will not lift if a puff of wind strikes the machine & if in the air he will
descend—If he keeps his weight back a puff of wind will lift him off the
ground—but if he keeps his weight too far back while in the air he will
stop his forward motion & is liable to slip backwards in the air."

In discussing the wing area for flight and the resistance to for
ward motion that has to be overcome, Pilcher referred to Langley's
experiments with flat planes. In retrospect, it is unfortunate that these
important experiments with pressures on inclined planes, carried out
between 1887 and 1891, 106 were not extended to include curved sur
faces.
Langley's whirling-arm test rig could give only the most general
results—there were far too many irregularities and inconsistencies to
make his figures at all accurate. 107 But Pilcher described LilienthaPs
apparatus for "similar experiments" as "much cruder." However,
Lilienthal did test curved surfaces and thereby established that it
required, in Pilcher's words, "very much less expenditure of energy to
fly with curved wings than with flat." Even so, Langley, Lilienthal,
and Pilcher were still in the dark ages of aerodynamics, and it was
invariably by practice that the theories were finally proven or disproven. Nonetheless, it was clear that small angles of attack allowed the
best lift with the minimum of drag, a fact that may seem obvious in
these enlightened times, but was another new and vital piece of aero
dynamic knowledge in the late 1880s.
Pilcher next outlined his estimation of the power needed "to
drive air screws or flapping wings to convert a practical] soaring
machine into a practical] flying machine." "As far as I can make
out," he reasoned, "to drive soaring machines such as Herr Lils. or
mine with a total weight of about 200 Ibs. an Engine giving out about
2 HP would be required—I intend next summer to experiment with a
machine of 170 sq. ft. surface carrying a 2 HP oil [petrol] engine
which will drive 2 screws 1 under each wing—giving the machine a
forward thrust of about 15 Ibs.—at a speed of 30 miles per hour."
As he rightly pointed out, "many other considerations come into
play," and with hindsight we can see that his estimate was hopelessly
overoptimistic. The inefficiency of the engine, transmission, propeller,
and wing curvature, combined with the drag of a heavily braced
structure and the full frontal area of Pilcher's body, would have given
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the little power plant an impossible task. Nonetheless, the change
from compressed carbonic acid gas to petrol is noteworthy.
In conclusion, Pilcher described his experiments that summer and
autumn with the Bat, Beetle, and Gull, and his nearly complete but as
yet unnamed 170-square-foot glider. He then showed some photo
graphs received from Lilienthal only "a few days" earlier. These
depicted the No. 13 and 14 gliders, Otto's first "doppeldeckers," or
biplanes, which he had begun testing in September and October of
1895. Pilcher's experience with high-placed surfaces—the sharp dihe
dral of the original Bat and the uncontrollable Beetle—had made him
extremely wary of multiplanes. "I do not consider this a safe
machine," he commented.
In his covering letter, Lilienthal had expressed the wish that he
and Pilcher "could join and get money" to further their work. Similar
sentiments had come from Hiram Maxim, who had also written to
Pilcher about the problems of setting up a large syndicate. Maxim's
inconclusive experiments with his ambitious steam-powered machine
from 1889 to 1894 had cost some £20,000. 108 Pilcher had achieved far
more with humble bamboo hang gliders in six months, and at about
200th of the cost.
In the ensuing discussion 109 Sam Mavor, who was to record his
memories of Pilcher in 1934, stated that he regretted "the apparent
inclination of the gathering to treat the subject with levity,'' remark
ing that if the "soaring business" caught on it might hurt the popu
larity of golf. In reply, Percy pointed out that it was only since he had
left Cardross that the place had taken to golf.
A Mr. Jackson suggested that a demonstration should be given at
the college: "A descent from the Tower might be a good thing."
Percy's response is not recorded.
In answer to Professor Barr's comment that a light motor was the
great need, Percy said that there was a particularly light oil motor in
America that weighed about 15 pounds and developed more than 4
horsepower. He hoped to obtain it for his trials of the next summer.
This engine was almost certainly the one developed by E. J.
Pennington and produced by Thomas Kane and Company of Chicago,
Illinois, and Racine, Wisconsin. Known as the Kane-Pennington
motor, it was an extremely simple air-cooled two-cylinder engine with
a 2V2-inch bore and a 6-inch stroke. Gasoline or kerosene oil was
gravity-fed into the cylinders, where it was vaporized and ignited by
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electric-spark ignition. In vaporizing, the fuel absorbed the heat from
the previous explosion, thus providing a form of evaporative cooling.
The engine had no water or water jacket, no carburetor, and no
flywheel, and therefore weighed only 17V2 pounds "all told," yet it
was claimed to produce 4.75 horsepower at 700 revolutions per min
ute. It was fully described in the Autocar, a British magazine, in its
issues for November 16 and December 7, 1895—shortly before Pilcher
gave his lecture—and must have sounded ideal for aeronautical applica
tions. 110 It later proved to be far from the miracle it seemed.
The day after his lecture, Pilcher penned a letter in reply to a
gentleman who had written to the Practical Engineer under the pseudo
nym "Pneuma," querying the object of Percy's work. The correspon
dence continued for several issues, but Percy's letter of December 13 is
particularly interesting:
Sir,—In answer to "Pneuma" the object of my soaring experiments
during last summer was to learn to balance a soaring machine, prepara
tory to adding a small engine and screw propellers. The advantages of
learning in an apparatus without an engine are obvious: (1) It is lighter,
(2) It is much less expensive, (3) It is less dangerous, and, I am glad to
say, my experiments threw a good deal of light on some difficult points.
As "Pneuma" says, I do not think that one could ever hope to main
tain horizontal flight with a practical soaring machine to carry a man
for more than a few seconds at a time, unless the machine was attached
to the earth—at any rate, not in this country, where we cannot depend
on upward currents of wind. I should have much more satisfaction in
answering letters if the writers would sign their own names to them.
Yours etc.
University, Glasgow
Percy S. Pikher
Dec. 13 1895 111

As it transpired, the American motor was not to be purchased,
and it would be some years before Pilcher was ready to fit an engine
into a glider.
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