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Foreword

IT IS UNUSUAL to find a professional soldier who is known primarily
for his contributions to intellectual and scientific thought. This is
true, however, of Brigadier Ralph A. Bagnold, whose research
spannedseveral ofthe physical sciences, including hydrology, geo-
physics, oceanography, and geography. His earliest scientific publi-
cations appeared in the 1930s and dealt with the movementofdes-
ert sand; his two last papers were in 1983 and 1986, respectively
examining the random distributions of word lengths and sediment
transport in water. This productivity and originality seems aston-
ishing when one considers that Bagnold was not formally trained
as a scientist and had never been a professional academician.

Sand, Wind, and Waris Bagnold’s accountofhislife, starting with
experiences as a youththat instilled in him a curiosity about places

and things. The account of his youth does much to explain how he
madethetransition from professional soldier to scientist. Commis-

sioned as a regular officer in the Royal Engineers in 1915, Bagnold
served in the trenches of France and Flanders during World WarI.
After the war, he took time out from the army to earn an honors
degree in engineering at Cambridge and then rejoined the army,
serving in Egypt, India, and China. While stationed in Egypt, he
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and other youngofficers began tinkering with Model-T and Model-
A Fords, modifying them in ways similar to those that youngsters
in California would use in the 19Gos and later to design “dune bug-
gies.” Gradually this tinkering led to a moreserious interest in ex-
ploring the dunes, and during periods of leave they organizedtrips
into the surrounding desert country. Such trips developed into seri-

ous large-scale geographic exploration of the last remaining un-
mappedareas of the earth. They developed techniques for taking,
these simple cars deep into the dune country, inventing ingenious
devices to keep themselves from becomingstranded in these remote
seas of sand.

Bagnold learned from experience what part of a dune would sup-
port the car and where the wheels would sink in. This was the
beginning of a growing knowledge about dunes and the movement

of sand. As his young friends were gradually reassigned elsewhere,

Bagnold turned his attention to examining the processes by which
dunes are formed and maintained. His retirement from the Royal
Army in 1935 allowed him to devote full time to laboratory experi-
ments designedto interpret his observations in the desert. The re-
sults were published in 1941 in a book which remainstheclassic in
the field today, Zhe Physics ofBlown Sand and Desert Dunes. Mean-
while, he published a delightful chronicle of his explorations en-

titled Libyan Sands, a book filled with his zest for adventure and his
keen eye for detail.
As Britain was plunged into World WarII, Bagnold was recalled

to the Royal Army.In 1939 he wasen route to an unexciting posting
in East Equatorial Africa when his ship was involvedin collision

and had to put in to Port Said for repairs. His presence in Egypt

cameto the attention of the commanding generalfor that region,
whoknew of Bagnold’s experiencein the desert and quickly had his
orders changed. Bagnold was given a free hand to develop the Long
Range Desert Group, an unconventional “private army”that trav-
eled undetected through remote regions of the desert to harass the
enemy with unexpected attacks. So important and useful was
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the work of the Long Range Desert Group that Bagnold rose to the
rank ofbrigadier and directed the operations from headquarters. He
retired again in 1944, andafter a few years as Director of Research

for Shell Oil, he once more took up his principal hobby of studying
the transport of sand. Now he extended his work beyond the move-
mentof sand by wind to include grains movedin anyfluid.

In the latter chapters of Sand, Wind, and War Bagnold discusses

‘his philosophy and approachto scientific research. The position of

importance he has earned in science stems from his insistence on
critical experimentation combined with the use of pure physics. His
goal was to eliminate the empiricism that so long dominated the
problem oftransportation of debris in water. This led to a produc-
tive association with the U.S. Geological Survey, which published a
series of his papers, the most important being a 1966 Professional
Paper entitled “An Approach to the Sediment Transport Problem
from General Physics.” In the field of oceanography he studied the
motion of sand on beaches and the hydraulics of submarine density
currents.
Although Bagnoldstill tended to view himself as an amateur, he

was accorded the highest honors of professional societies. In geog-

raphy, his explorations in Libya won him the Founders’ Gold Medal
of the Royal Geographical Society; in hydraulics and relatedfields,
he was given the G. K. Warren Prize of the National Academy of
Sciences, the Penrose Medal of the Geological Society of America,
and the Sorby Medal of the International Association of Sedimen-
tologists. However, Bagnold must have taken greatest pleasure in
being elected a Fellow of the Royal Society. He recounts that even
early in his military career he expressed to his sister that he would

rather be an FRS than a brigadier general. It is a measure ofhis
accomplishments that he managed both.

Bagnold had manyfascinating experiences, both as an explorer
and in the military, and he had muchto share concerning his views

on scientific research. We are fortunate that he completed his auto-
biography shortly before his death in May 1990. Those who knew
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him only through his research papers can now cometo appreciate
the total wealth of his experience.

LUNA B. LEOPOLD

PAUL D. KOMAR

VANCE HAYNES

June 1990



Preface

SINCE I waS born, now nearly a century ago, more changesin our

life-styles have occurred than in any other period of written his-
tory—flying, nuclear power, space travel, motor transport, televi-
sion, X-rays, and plastics, to name buta few. Sadly, the faster the
rate of change, the faster memory fades into vague legend and soon
into oblivion. With this in mind, I set out to write a private family
record of my ownlife. So many latent memories began to emerge,
however, of so diverse and so unusuala nature, that I decided the

story might be of wider interest.
From an early age I have been aware of an urge to see and do

things new and unique—to explore the unknownorto explain the
inexplicable in natural science. Providence has granted me an op-
portunity to fulfill these urges to some degree. Mylife has been
interspersed with a numberofinteresting and unusual episodes,
someofwhich I share with you on the following pages.

I am very grateful to Luna B. Leopold for suggesting manyval-
uable amplifications in the earlier chapters and for compiling the
necessary maps, and to Vance Haynesfor having the maps drafted
and for supplying someof the photographs. Mysincere thanks are
also due to Paul D. Komarfor his kindly diligence in piecing my
amendedstory together.

RALPH A. BAGNOLD

April 1990
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Early Days

AMONGMY EARLIEST memories are an ornamental grotto with a

little waterfall at the back on the grounds of my grandparents’ home
and seeing the tangle of service pipes high up at the back of the

house. Possibly one’s earliest retained memories may presage future

interests. The pipes certainly did in my case. The grotto, too, which

I was prevented from entering, may havesignified a latent craving
to explore.

I was born on GoodFriday, the third of April 1896, at the Manor

House, Stoke, Devonport, the home of my mother’s parents. My
grandfather, William Henry Alger, was a businessman, twice mayor

of Plymouth, and a partnerin the firm of Burnard and Alger, which

manufactured chemical fertilizers at a factory and wharf on the

Cattewater Inlet of Plymouth Sound. The partnership between the

families of Burnard and Alger was to last for three generations.

Together with the continuing ties it forged with South Devon and

the Alger family, this partnership had an appreciableinfluence, ulti-

matelyfinancial, on mylife.
The Algers had four children, my uncles Harold (the eldest) and

Archy, my mother, Ethel, and Aunt Edie. The family was old-

fashioned “South Devon”—comfortably off, with plenty of good
food, cream, and hospitality.
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Myfather, Major (later Colonel) Arthur Henry Bagnold of the
Royal Engineers (1854-1944), had no county ties. His parents,

many years dead, had both been associated with the Honorable East
India Company(HEIc). His father, Major General Michael Edward

Bagnold (1786-1857) had served in the company’s army. After

thirty-one years of continuousservice in India and its dependencies,
he returned to England in 1835 on a three-year furlough. Immedi-
ately before returning to India, he proposed (by the then-new “elec-
tric telegraph”) and was accepted by Eliza Larkins Walker, whose
mother’s family, the Larkins, had for several generations been ship-
owners in the East India Company’s armed merchant fleet. There
being no time to get a passage for her in the sameship, the bride-

to-be followed on a venturesomejourneyto India by the new “over-

land route” that involved ship passage to Alexandria, Nile craft to

Cairo, three days’ caravan journey across the desert to Suez, and

. finally a ship to Bombay (the Suez Canal was not openeduntil 1858,
after which this overland route was abandoned). My grandparents —

were married in Bombayin 1838.

Grandfather Bagnoldfinally retired in 1846, eleven years before
the mutiny of the Bengal army. The Great Indian Mutiny, as it was
called, came as a profound shock to the British government and
people. Many English were murdered, including a great-aunt of
mine. The mutiny wasconfined largely to the Bengal army and was
put downbyloyal troops from other provinces,led by British offi-

cers whose deeds became famous. Grandfather died that same year
at his home, Hamilton Terrace, in London. With the Great Indian

Mutiny there ended that strange anachronism whereby self-

perpetuating group of London businessmen, the Court of Directors

of the HEIC, governed India from the city of London. Protected from
foreign interference by their own large army and armed merchant

navy, they controlled an empire of several hundred million people
in the name of the Mogul emperors who continuedto hold a feeble

court in Delhi. After the mutiny, the whole of the peninsula came

underthe British Crown, acting throughits viceroy. Earlier, Sir Ar-

thur Wellesley, afterwards created first duke of Wellington, had been
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hired or borrowed from the East India CompanybytheBritish gov-
ernment to commandthe armythat finally defeated Napoleonat the
Battle of Waterloo. He had previously been a successful generalin
the company’s “Indian Army.”

I sometimesfind it hard to realize that my own grandfather, my
father’s father, was born before the French Revolution and the Na-

poleonic Wars, and before the United States, as such, came into

being. Three generations have now spanned twocenturies, from
1786 to the present. General Michael Bagnold’s brother, my great-
uncle Tom, was born seven years earlier, in 1780. He joined the

British navy and may well have served for a short time as an officer
in Nelson’s fleet. After leaving home, the two brothers did not see
one anotherfor forty years.
My grandmother Eliza Bagnold (1817-1873), who was consider-

ably younger than my grandfather, lived on with the family in Ham-
ilton Terrace until my father was nineteen. My auntAlice, the eld-
est, later married the Reverend John Clay, rector of Ambleside near
Windermere in the Lake District. She had eleven children—two
boys, Owen and Arundel, and nine girls, none of whom either

married or escaped from the heavy clerical atmosphere. Owen

migrated to Canada. Arundel becamea civil engineer, and I kept
in touch with him, on and off, until he died in 1981 at the age of
eighty-nine. There was also my uncle Lexy (Alexander Burns Bag-
nold), namedafter Sir Alexander Burns, a diplomat murdered in Af-

ghanistan who had been close friend of my grandfather. Lexy,
who remained a bachelor, became a barrister and was for many
years secretary to the Joint Fire Offices Committee of the insurance
industry. As children we were very fond of Uncle Lexy. He
used to talk solemn nonsense to us with a straight face. Aunt
Clara, who also never married, kept house for her brother until

her death shortly before the First World War. During that war
a zeppelin bomb fell on Lexy’s ground-floor flat in Maida Vale,
London, blowing him, then aged betweensixty-five and seventy,
into the street, peppered with splintered glass but otherwise un-
damaged.
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Myfather, the youngest (1854-1944), was born when my grand-

father was in his sixty-eighth year and within three years of his
death. Destined, in Eliza’s mind, for the army, he was sent to Chel-
tenham College. Thence, having passed the army entrance exam
with sufficiently high marks, he became a “gentleman cadet” at the

Royal Military Academy, Woolwich (reserved for the engineers and
artillery). After two years at the academyanda further two years as
a “youngofficer” at the Schoolof Military Engineering at Chatham,
he was gazetted lieutenant, Royal Engineers, in 1872. Horatio Her-
bert Kitchener, also an engineers officer, was a contemporary. Ac-
cording to my father, Kitchener was then a dreamy, aloof young
man,referred to as “Old Kitch” and thoughtrather dull. Years later
Kitchener emerged as the organizer and commanderofthe Anglo-
Egyptian army which reconquered the Sudan in 1898. A popular
hero, he became Lord Kitchener ofKhartoum.Laterstill, he became

warsecretary in 1914 and raised “Kitchener’s Army”ofvolunteers.
Myfather’s first independentjob (1878-1880) seemsto have been

in Cyprus constructing a pipeline water supply to the townofLi-

masol. Ona brief visit to the mainland he found Kitchener firmly
established as director of the Palestine Survey, summoning subor-
dinates by a clap of the hands. A local contractor named Z. Z. Wil-
liamson, referred to as Zealous Zachariah, was employed on the

pipeline job. It seems that the same man emergedthirty-five years

later as Sir Basil Zaharoff, an important figure in the shady back-

ground of Lloyd George’s warfinancing.
In 1881-82 my father saw active service with the Telegraph Bat-

talion in South Africa during the first Boer War. He got letter of
congratulation from the chief of staff which I will refer to again
later. He saw active service once more in 1884-85, also with a tele-

graph unit, when he took part in the abortive Nile expedition to
rescue General Gordon at Khartoum. Thomas Cook’s Nile steamers
were used as transports together with towed lighters which had to
be hauled up overthe cataracts by columnsofsoldiers onthe river-

bank. A naval gunboat was included, commanded by Lieutenant
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Beatty, later Admiral Beatty of Battle of Jutland fame. The expedi-
tion forced its way upriver through some six hundred miles of then

unknowndesert, open to attack by dervishesat any time.

By custom, Thomas Cook’s steamers carried a reserve of mum-

miesasa specially fast-burning fuel for emergencies suchas difficult

cataracts. My father once heard the captain shout to his engine

room staff, “All right, throw on another pharaoh.”

They reached Khartoum twodaystoo late. The city had fallen.

Gordon hadbeenkilled.
Myfather stayed on in Egypttill 1887 with the Frontier Field

Force, which was deployed for the defense of Upper Egypt against

dervish raids from the south. During that time he and his men were

borrowed by Dr. Wallis Budge, the leading Egyptologist of that era.

Amongotherjobs, my father succeededin raising intact the colossal

statue of RamsesII that had been lying for eons in a pool of mud.

With the aid of hydraulic jacks, theylifted it to its presently prone

but decently housed position in the village of Bedrashain on the site

of ancient Memphis. It was said that Budge smuggled the bulkier

antiquities out of Egypt to the British Museum by organizing fu-
neral flotillas, complete with mourners, down to Alexandria. This

no doubt took place to the reward and amusementofthevillagers
concerned. He taught my father many useful things, including how
to enter an already opened tomb: “Always send a native in first to
absorbthefleas.”
A good portion of a Royal Engineerofficer’s service in peacetime

is spent in maintaining or modifying War Departmentbuildings and

other permanentstructures, including coastal defense forts at home

and abroad. Early in 1888 my father, then Major Bagnold, was

posted for such employment to Plymouth. There he met, courted,

and later the same year married my mother, Ethel. Her diary records
muchintimate detail of their years together. In the following year

he was re-posted to Chatham, where he shortly becameinstructor

in electricity at the School of Military Engineering. My sister Enid
(1889-1981) was born on 27 October. She was to become a famous
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writer, best known for the children’s classic National Velvet and for
the play Zhe Chalk Garden. Her autobiography was published in
1969.

Father remained at Chatham for the unusually long period of
seven years, until early in 1896. In that year he becameinvolved in
the development andinstallation of a new coast defense weapon,
the Brennan torpedo. This project involved a good dealoftravel,
including visits to overseas fortresses such as Gibraltar and Malta.
My motherwentto stay with her parents at the Manor House, Dev-
onport, for my birth in April. By luck, or morelikely by a wangle,
my father was posted to Devonport that same year. He remained
there for three years, until 1899.

It was during this torpedo interlude that my father becamea close
friend of the inventor Louis Brennan. According to my father, Bren-
nan happenedto beplaying in his bath with one of his wife’s reels
of cotton. He noticed that as he pulled the cotton toward him, the
reel went away from him. This was the basis of the Brennan tor-
pedo, whose only working parts were a pair of drumsoffine piano
wire, each attached to a propeller. The wires led side by side to
winding drumsashore. The Brennan torpedo had two great advan-
tages: it could be steered by winding in one wire faster than the
other, andit left no visible trail of bubbles. But alas, in practice it
was foundto have insufficient range and was soonreplaced by the
more conventional Whitehead torpedo driven by compressedair.

With his knowledge of Egypt and the upper Nile, my father must
have beensad notto take part in Kitchener’s 1897-98 campaign to
reconquer the Sudan from the dervishes. But active service had to
be fairly shared out. Moreover, it was evident that the major engi-
neering job would be railway construction, of which he had no ex-
perience. At the sametime he had serious decision to make. Hav-
ing recently taken part, as one of the British delegates, in an
international conference of electrical engineers in San Francisco, he
wasaskedto be vice president and ultimately presidentof the Insti-
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tution of Electrical Engineers. But he had his army career to think
of. He was about to be promoted, and there was then no seniorjob
for a specialist in electrical applications. He reluctantly decided to
refuse the vice presidency of the institution. Now that electricity
enters into every aspect ofcivilization, it hardly seemscredible that
ninety years ago, a merelifetime, there wasso little knowledge of
it that a serving army major could have been selected to preside
overa national institution composed mainlyofindustrialists.

In May 1899 the family embarked in a steamship for Jamaica—
Lieutenant Colonel Bagnold, my mother, my sister Enid (aged
nine), myself (just three), and a French nursery governess. I re-
member only two things about that voyage: being knocked down
on deck bya flyingfish, andtheroar oflive steam from theboilers
let in to heat the seawater in the bath.

Myfather’s office in Jamaica, and the Royal Engineers’ yard with
its building materials and equipment, were down on the coastal
plain near Kingston. For the family he rented Coldspring House up
on a steep hillside in the cool Blue Mountains. The house, formerly
a coffee mill, was divided inside by a chasm where a big waterwheel
had once turned. Outside, in tiers, were the barbecues—low-walled

concrete floors wherethe coffee berries were once dried in the sun.
There was the Negro cook, Mrs. Pascow, fat and smiling, and Old

Zink the groom. There must have been other Negro servants too,
all descendants of African slaves. (The original Caribs of the West
Indies had long since been exterminated by the Spanish and Brit-
ish.) We also had a two-horse carriage, used mainly for shopping in

the little garrison town of Newcastle some miles farther up the
winding mountain road. Father kept another horse at his office,
which he used to ride to Coldspring House to be with us for week-
ends.

Looking out from thealtitude of Coldspring House, I could see
the whole of Kingston Harbor. There was a good view ofthecrater
of a submerged volcano, with the water entering through a gap in
























































































































































































































































































































































































































