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Fig. V-1. Professor William H. Bragg, University of Adelaide
(1890).

many years, the Bible was a repelling book which I
shrank from reading.”)”

William Henry Bragg was awarded an Exhibition
Scholarship to Trinity College at Cambridge which he
exercised in 1881.» One year later, he was able to ex-
change it for a Senior Scholarship, conferring consid-
erable standing in College, with rights to wear the
strawberry and cream blazer, to sit in the scholar’s
pew, and to join the Trinity Tennis Club. “I was in fact
very much shut in on myself, unadventuresome, shy
and ignorant”—wrote Bragg later—"“and yet I enjoyed
my life at Cambridge tremendously.”®* He now played
tennis with, among others, young Professor Joseph
John Thomson (1856-1940). In 1884 he took the math-
ematical tripos (final examinations) for a B.A. with
honors and ranked Third Wrangler (he later won a
first class in Part III). Among many others, he was con-
gratulated by Alfred North Whitehead (1861-1947),
the previous year’s Fourth Wrangler, who was to
achieve fame at Harvard as coauthor of Principia
Mathematica and as one of the founders of mathemat-
ical logic. William Henry’s father, who had retired to
live in Ramsey on the Isle of Man and had renewed his
interest in boats, died suddenly in 1885. His younger
brother, Jack, a good student who suffered from pain-
ful gastric difficulties, also died suddenly that year.

Walking along King’s Parade one morning (1885)
to attend a lecture at The Cavendish, Bragg met the
lecturer himself, Professor Thomson, who casually in-
quired if one of his classmates, the Senior Wrangler,
was applying for the professorship of physics and

mathematics in Adelaide. Bragg had seen the notices
of the academic offer in Australia, but it was only dur-
ing this conversation that he realized he himself was
eligible. After the lecture, he telegraphed his applica-
tion on the last day of entry; a few days later, he was
among the three who were interviewed. A visiting dig-
nitary from Australia, Sir Charles Todd (1826-1910),
advised the decision in his favor (he was to become his
father-in-law). Notified of his appointment, Bragg
made haste to bring the telegram to his uncle at Mar-
ket Harborough: he was surprised to see his old mentor
break down under emotion. After three weeks of hasty
preparations and farewells, 24-year-old Professor
Bragg was off on the Rome from Tilbury toward his
great adventure. Thanks to the Suez canal, it took only
six weeks to reach Glenelg; Bragg used a great deal of
this time to study physics. “I had been lucky enough in
England”—wrote Bragg—"but going to Australia was
like sunshine and fresh invigorating air.” (Fig. V-1.)

In 1886 Adelaide University, just over a decade
old, was vigorous but largely undeveloped. The physics
department was small, lacking in equipment: it was
just as well, for the new professor, versed in mathemat-
ics, had a lot of physics to learn. To produce tools for his
laboratory demonstrations, Bragg apprenticed him-
self to a firm of instrument makers. An unimpressive
lecturer at first he gradually acquired the art. Having
had no laboratory training, he carried on experiments
only for demonstrations. Teaching and administration
became hisstrength and he saw the challenge of educa-
tional reform. Having no contact with research, he li-
mited himself to reading the exciting developments
harvested by others and published abroad. His autodi-
dactic efforts led him gradually to ideas of his own that
he was careful to present in letters to his friendly col-
leagues: thus, he substituted for the lack of immediate
academic stimulus.

On the first day after his arrival in Adelaide,
Bragg was a guest for supper at the Observatory on
West Terrace and met the Todd family. Sent by the
Greenwich Observatory to be government astronomer
at Adelaide, Sir Charles Todd had installed the new
electric telegraph in Australia; he was also the Post-
master General and was greatly esteemed in the colo-
ny. Bragg became a frequent visitor of the Observatory
and a friend of the numerous Todds. Gwen Todd was
only 16 when he first met her, but one year later, he
was sending her flowers; in 1888 while vacationing in
Tasmania and with the consent of her parents, they
were formally engaged, and on June 1st, 1889 they
were married.* They had two sons, William Lawrence
(1890-1970), Robert Charles (1891-1915), and a daugh-
ter, Gwendolen Mary (1907-). A most congenial wife,
Mrs. Bragg was a gracious, friendly, kindhearted, com-
passionate, and rather candid woman, free from affec-
tation.

In 1891 Bragg wrote his first paper on an “elastic”
theory to treat electrostatic theorems. He sent the pa-
per to a prominent professor at Liverpool who com-
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mented that it was an instructive attempt, useful for
students, and forwarded it to The Electrician. In the
next decade, he wrote only two other papers. However,
he had already started his life-long career as a success-
ful lecturer. Whether his subject was photography,
light, optics, or heat, his lay listeners were fascinated
by his beguiling style and charmed by the simplicity of
his presentation. In one of his lectures, he explained
the experiments that he and Sir Charles Todd had car-
ried out in wireless telegraphy. On the evening of
Wednesday, January 8th, 1896, local notables and gen-
eral public scrambled for seats at University Hall to
hear him and to witness a demonstration of Rontgen’s
recent discovery of “a new kind of rays.” During the
lecture, a radiograph of Bragg’s own hand was taken,
showing a defect of his left little finger. He subsequent-
ly set up the apparatus (Crooke’s tube, coil, and bat-
tery) in the basement of the Physics Laboratory for the
benefit of physicians.

After a trip to England with a passing view of the
Pyramids in 1897, the Braggs built a house for them-
selves in East Terrace, Adelaide and called it Cather-
wood House, after the home of Uncle William Bragg in
Leicestershire. Summer holidays were spent at Port
Elliot or at St. Vincent Gulf, where William Lawrence
made a fine collection of shells, some of them rare.
Bragg was a very good tennis and golf player, winning
trophies in both; he was also an enthusiastic bicycler
and captain of a team of lacrosse (“...without doubt the
finest all-round player we have.”) With his wife, he
tried his hand at painting landscapes with, at least,
technical success.

In 1904 Bragg delivered the presidential address
of the Section of Mathematics and Physics of the Aus-
tralasian Association for the Advancement of Science
in Dunedin, New Zealand. Bragg chose the subject of
radioactivity for his presentation; he would be talking
to Rutherford’s friends and kindred in the land of his
origin. For his own edification, he read extensively the
published works on the subject. He was particularly
interested in the papers of Marie and Pierre Curie,
who had just received the Nobel Prize for their study of
radioactivity. His attention was attracted to the var-
ious considerations in the interaction of radiations and
matter, their absorption and scattering; gradually, his
efforts turned to a highly critical review of the field,
and he started to query the accepted hypotheses. He
found unjustifiable the assumption that the absorp-
tion of alpha and beta rays was analogous to the expo-
nential decrease in intensity of a wave passing
through an absorbing medium. “The exponential
law”—he said—*“is not applicable to this kind of radi-
ation.”™ In addition he felt the analogy confused par-
ticle flux and energy flux; if it appeared to hold, it was
only because of a superposition of factors. He pointed
out that alpha radiations, of necessity, had to pass
through the atoms they met in their journey; thus, he
concluded, there must be a moment when the alpha
particle and the atom crossed occupy the same space.

Within weeks of his return to Adelaide, Bragg, at
age 42, began his first research work: thanks to a bene-
factor of the university, he obtained a small quantity of
radium bromide and, assisted by R. D. Kleeman (1878-
1932), started his experimental work. “After that”—
said Bragg—*“research was part of my daily life.” It had
been assumed that alpha rays traveled the same dis-
tance, regardless of their origin; he was to make a rath-
er thorough and ingenious analysis of this fact. He
found that alpha particles emitted by his source fell
into four groups with different ranges corresponding to
various radioactive materials mixed in it (radium, ra-
don, radium A, radium C). He followed the suggestion
of visiting professor Frederick Soddy (1877-1956) of
dissolving his radium bromide in water in order to sep-
arate it from impurities that were also radioactive. His
first surprise was to find that the pure radium emitted
the alpha particles with the shortest range. The ex-
periments on secondary electrons expelled by gamma
rays established that the velocity of beta rays depend-
ed not upon the intensity but on the quality of the gam-
ma rays, increasing with the penetrating power of the
latter.

In August 1904 Bragg sent a paper to the Philo-
sophical Magazine,” and he asked Professor J. J.
Thomson to put in a word for him with the editor. He
was anxious to know what Rutherford thought of his
work and wrote him a detailed account of his views:
“the whole matter may be explained by supposing that
alpha rays are not liable to deflection as the beta rays
are...both lose energy by spending it in ionization, but in
the case of alpha rays, this is the only cause of their
being absorbed.” Pointing to the fact that on the one
aspect of the law of absorption, he found himself in
contradiction with Rutherford, he added: “The rays
are, of course, not waves of energy but particles. I know,
of course, that this is rather contrary to your theor-
ies.”®? It took nearly four months for Rutherford’s an-
swer to come from Montreal (“My dear Bragge”); he
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had done similar experiments and observations. He
agreed that Bragg had the right explanation and urged
him to publish his work in the Philosophical Magazine
as Bragg had already intended. Thereafter, they corre-
sponded abundantly and frequently. Bragg became
adept at writing papers on his research works that
were published at frequent intervals.

An important consequence of Bragg’s work was
his discovery of the fact that the specific ionization, or
the number of ions, produced by alpha particles is
greatest as they slow down towards the end of their
path. The phenomenon is referred to as Bragg peak.
(Fig. V-2.) It has acquired recent renewed importance
because of the acceleration of monoenergetic charged
particles, resulting in a narrow zone of high dose and
high LET (linear energy transfer).

In the intensive studies hurriedly carried out by
Réntgen in the weeks after his discovery, the apparent
inability of the new rays to be reflected, refracted, or
deflected was established: these findings set them
apart from known electromagnetic radiations (light,
ultraviolet). Réntgen suggested that x rays be ab-
scribed to longitudinal rather than transverse vibra-
tions in the ether. In 1897, Emil Weichert (1861-1928)
in Konigsberg®® and George Gabriel Stokes (1819~
1903) in Cambridge®? independently suggested that
roentgen rays should be considered as transverse elec-
tromagnetic waves. Cavendish’s Professor J. J. Thom-
son accepted the idea of pulses and further suggested
that roentgen rays should be considered as “tremors of
tightly stretched Faraday tubes.”**’

Fig. V-3. Professor W. H. Bragg, University of Leeds (1910).

Charles Glover Barkla (1877-1944),F a native of
Widnes, Lancashire, England, received his Master of
Science degree in Liverpool; in 1899, as Rutherford
and Bragg before him, he was awarded an Exhibition
Scholarship to Trinity College, Cambridge.””” Barkla
did his first research work at Cavendish Laboratories
measuring the velocity of transmission of electromag-
netic waves along wires; he then began investigation of
secondary radiations emitted by various substances
placed in the path of roentgen rays. A gifted musician
and a remarkable basso, he left Trinity for King’s Col-
lege (Cambridge) in order to join its famous choir. Lat-
er, he continued his work at Liverpool, where he re-
ceived his D.Sc. and where he became lecturer and
Oliver Lodge Fellow. In 1903 Barkla showed that the
“absorbability” (average wave length) of secondary ra-
diations emitted by gases was the same as that of the
primary beam.’® Moreover, Barkla emphasized, the
scattering was proportional to the mass of the atom,
giving further support to the view that the number of
electrons in an atom was proportional to its atomic
weight.?® This led him to devise a test for the polariza-
tion of roentgen rays. By scattering roentgen rays first
from one and then from a second block of carbon,
Barkla succeeded where many had failed and pro-
duced elegant evidence that the rays could be polar-
ized. He considered this to be a powerful argument in
favor of the electromagnetic theory of radiations.”

In the spring of 1907, Bragg presented a paper to
the Royal Society of South Australia heralding a reor-
ientation of his interest.” The quick succession of his
works within three years had rapidly established him
as an original investigator throughout the world of
physics. Earlier he had expressed doubts of the identi-
ty of gamma and roentgen rays; now assuming them to
be of the same nature, he declared the ether pulse the-
ory to be “overrated,” incapable of accounting for the
retained energy and momentum in spite of traveled
distance. His main purpose was to present arguments
supporting his view that radiations were of a material
nature, specifically consisting of an electron and an
alpha particle: @ neutral pair (“...an electron which has
assumed a cloak of darkness in the form of suffcient
positive electricity to neutralize its charge.”) Being elec-
trically neutral, the pair would have high penetrating
power and would not be deflected by magnetic fields.
Thus, he anticipated by one year Rutherford’s and
Geiger’s discovery of the doubly charged alpha parti-
cle.2® Moreover, he drew the inference that the ioniza-
tion produced by the passage of radiations through
matter was not a result of direct action by the rays but
consequence of the transformation of a neutral pair,
leaving free a negative electron after removal of its
neutralizing positive mate. Without being aware of
Einstein’s views, Bragg became the first and remained
the foremost advocate of the quantal properties of the
roentgen rays. In December 1907 Bragg wrote to Ruth-
erford: “I have got the decistve proof that gamma rays
are not pulses but corpuscular.”*
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Bragg attempted to construe in his hypothesis all
known facts on the roentgen rays, including Barkla’s
“peculiar polarization effect.” In October 1907 Barkla
wrote a letter to the editor of Nature,”® he emphasized
that when roentgen rays hit a substance of low atomic
weight, such as carbon, the intensity of secondary ra-
diations was at a minimum in perpendicular direction
to that of the primary beam and at a maximum in, or
opposite to, that direction. Barkla took the “waist” in
the distribution of scattered radiations as “strong con-
firmation” of the electromagnetic pulse theory. Bragg
found evidence that secondary radiations possessed
momentum in the direction of the primary, and he
took this as evidence that they were “material.”™** It is
possible that their differences were partially ex-
plained by the fact that Bragg experimented with ra-
dium and Barkla with low-voltage roentgen rays. A
letter of rebuttal from Bragg™ started a controversy,
with variations on the same theme, that lasted until
the editor of Nature decided to put an end to it three
years later.®” Bragg found the wave theory adequately
suited to explain various factors (Kirchhoff’s law, rela-
tion to temperature, etc.), but he felt that there was
something missing that made it almost abortive: to
him nothing else could so easily express the central
idea of radiation as the neutral pair theory, “even if it
was deficient where the other succeeds.”* The Bragg-
Barkla controversy resulted in definite stress for both
men. Bragg retreated from his original position while
Barkla proved less capable of yielding; Bragg out-
classed his inflexible opponent as a theorist, as an ex-
perimenter, and as a strategist in controversy.””® The
sustained feud may have sharpened their wits, for both
men were to achieve subsequent distinction by unques-
tionable originality.?

In 1907 Bragg was elected Fellow of the Royal So-
ciety. Rutherford was moving to Manchester, and
Bragg was offered the new Chair of Theoretical Phys-
ics at McGill University. Simultaneously, Bragg was
also offered the vacant Chair of Physics at the Univer-
sity of Leeds. He was giving favorable consideration to
the first when a disastrous fire crippled McGill Uni-
versity, and the tentative offer was withdrawn. He
then accepted the invitation of Leeds to become the
Cavendish Professor of Physics.

“It would be a terrible wrench to move from
here”—said Bragg of leaving Adelaide—"“There was
never a kinder lot of people nor a nicer little city.” It
must have been particularly difficult for the Braggs to
leave Sir Charles Todd. They left in January 1909 with
their three children, Willie (18), Bob (17), and Gwendy,
just a toddler; the S. S. Waratah, going around Cape
Town, reached Plymouth in March.+ The Leeds people
were nice, but Mrs. Bragg was appalled by the dirt and
by the rows of poor smoky houses; Bragg was irked by
the contrasting opulence of some and the squalor of
many. At the University, he had to conform to a sylla-
bus and fit into a hierarchy. The laboratories were
vastly inadequate; the students stomped their feet im-

pudently during lectures.”” Eventually, the family
found a pleasant home, Rosehurst, in the outskirts of
Leeds and later, a delightful country cottage, Deer-
stones, in Wharfedale. Mrs. Bragg went back to paint-
ing and found use for her emerald green that had been
little used in Australia. Bragg played old simple tunes
to himself on his flute. (Fig. V-3.)

In Leeds Bragg was fortunately close to Ruther-
ford; he visited the Manchester laboratories, met Hans
Wilhelm Geiger (1882-1945), was impressed by the 250
mg of radium and the radon extraction plant. Ruther-
ford, richly boisterous, and Bragg, gentle and quiet,
enjoyed a mutual stimulation; during the Bragg-
Barkla controversy, aggravated by the circumstances
of Leeds, their friendship became a great comfort to
Bragg. Rutherford wrote of his admiration for the Wil-
son cloud chamber and of the photographs of “the
trail,” the visible demonstration of things previously
seen only in the imagination; he also complimented his
older colleague for the “luminous” address he had
made to the British Association for the Advancement
of Science. Frequently bringing a note of humor into
their interchange, Rutherford called attention to an
issue of the Philosophical Magazine that was “highly
radioactive” and to which both he and Bragg had con-
tributed “materially”; another time he commented
that Barkla did not appear philosophically endowed.
Returning from the Solvay Conference in Brussels,
Rutherford reported that continental physicists did
not appear interested in trying to form a physical idea
on the basis of Planck’s theory. “Where there are elec-
trons in motion”—wrote Bragg to Rutherford— “there
will necessarily be an accompaniment of quanta bal-
ancing them,” and he went on for ten pages. After care-
ful reading, Rutherford returned, as requested, the
manuscript-letter of his friend. A paper on scattering
by James Arnold Crowther (1883-1950) appeared'®*:
Rutherford objected to the manner in which the au-
thor made his views fit those of J. J. Thomson. Bragg
agreed that Crowther “unctuously” brought around a
number of facts to fit the theory backed by a great
name. He felt that Thomson as well as Barkla objected
to the neutral pair theory because of their desire to
connect roentgen rays with light. In the spring of 1912,
the Rutherfords and the Braggs took a vacation and
drove through southern France and the Pyrenees. The
adventurous experience of the two couples was long
remembered by them for its humor.

In the course of his experiments with secondary
radiations, Bragg was led to the view that the ionizing
effects are indirectly due to secondary electrons re-
leased by the primary beam: he was the first to insist
on this fact.*® In 1912 he wrote his first book, Studies
on Radioactivity,”” in which be brought together
methods and results of investigations of interaction of
radiations and matter.

As early as 1907, Barkla had attempted to deter-
mine the relative atomic weight of nickel through the
dependence of properties of secondary radiation upon
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Fig. V-4, William Lawrence Bragg, author of the Bragg Law, No-
bel Prize winner (1915). (Courtesy of the Niels Bohr Library.)

atomic weight,” he was beginning to fasten upon the
hardness of the secondary (“fluorescent”) radiations
as characteristic of the element. In 1909 Barkla was
appointed Wheatstone Professor of Physics at King’s
College in London. He and Charles A. Sadler (?-1920)
discovered (1909) that two groups of remarkably homo-
geneous secondary radiations (eventually labeled L
and K) were emitted from irradiated heavy elements,
provided the elements were exposed to harder radia-
tions than their own characteristic radiations. The de-
monstrable characteristic spectral lines caused this
work to be recognized as of the utmost importance.
Barkla remained persistently inflexible towards quan-
tum ideas.

In 1912 Max Theodor Felix von Laue (1879-
1960),1 studying the diffraction of light waves in ordi-
nary and in crossed gratings, was led to ponder if
shorter wavelength roentgen rays would give rise to
interference in space lattices such as cerystals. The dis-
tance between the regularly layered adjacent atoms in
crystals had been estimated at ten-millionth of a milli-
meter: this distance was of the right order to produce
interference phenomena with rays of the assumed
wavelength of roentgen rays. Thus, von Laue suggest-
ed experiments that proved exceptionally successful
and important. The experiments were carried out by
Walter Friedrich (1883-1971) and Paul Knipping
(1883-1935) in the Physics Laboratories of the Univer-
sity of Munich, of which Rontgen was director. Using

copper sulphate crystals and a narrow beam of rays, a
photographic plate showed a blackened dot where the
direct beam struck and a number of irregularly dis-
tributed spots. Proper orientation of the crystal made
the spots appear in geometric distribution: a manifest
result of interference by the crystal. More important-
ly, the experiment proved that roentgen rays were of
the same wave nature as light. Max von Laue received
the 1914 Nobel Prize of Physics for this work that Poin-
caré is said to have considered of the greatest impor-
tance.

William Lawrence Bragg (1890-1970) was Wil-
liam Henry Bragg’s eldest son; he was born in Ad-
elaide, where he received a degree with high honors in
mathematics before his departure with his family to
continue his studies in England. He was a shy young-
ster who admitted to finding things easier than peo-
ple.”? At 19 he entered Trinity College, Cambridge and
within a year earned a scholarship to study physics at
Cavendish Laboratories. He wrote his parents of his
encounter with a visiting Dane who “was awfully
sound... and most interesting” and had a name “like
Bohr or something that sounds like it.” (Fig. V-4.)

In July-August 1912, while vacationing with
friends in Yorkshire, the Braggs (father and son) read
areprint of von Laue’s work and discussed its implica-
tions. William Lawrence suggested an “avenue” the-
ory and set up an experiment to test it in his father’s
laboratory at Leeds; he had no results. Upon his return
to Cavendish, William Lawrence restudied von Laue’s
results; working with mica and a photographic plate
moving together, he aimed to find out if the rays shot
down an avenue when it became parallel to the beam.
The explanation of the spots offered by von Laue was
somewhat elaborate; William Lawrence Bragg gave a
simpler interpretation by considering the reflection of
waves from parallel layers of atoms or diffracting
points, each set of planes acting as a reflecting surface
of radiations. The spots were explained as a result of
diffraction by face-centered cubic lattice (October
1912), a clear demonstration of the wave character of
the rays. From these observations, he derived an equa-
tion now known as the Bragg Law,* a fundamental
law of physics:

An = 2d sin 0

in which d is the distance between parallel crystal
planes and @ is the glancing angle (complement of the
angle of incidence). Since the diffraction pattern de-
pended on wavelength, the stage was set for the spec-
trometric analysis of the rays’ wavelength through the
angle of diffraction (Fig. V-5).

In deference to his father, William Lawrence did
not make reference to roentgen rays and titled his first
paper “Diffraction of Short Electromagnetic Waves by
a Crystal.” The senior Bragg was still vacillating when
he made a simultaneous report of this work in Novem-
ber 1912.” William Lawrence proceeded to show that
roentgen rays were specularly reflected over a range of
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angles by the cleavage planes of mica.”™ “My boy has
been getting beautiful x-ray reflections from mica
sheets’—wrote Bragg to Rutherford—"just as simple
as the reflections of light in a mirror.”®* Convinced,
William Henry Bragg worked with his son through the
Christmas holidays (1912), and they wrote their first
joint paper,® showing the great possibilties of spec-
trometry. Together, they investigated the structure of
various crystals, including a classical study of dia-
monds®® : “It was like looking for gold”—said William
Lawrence Bragg—“and finding nuggets everywhere.”
These were happy times for both, and their work set
the foundation for a new science of the greatest impor-
tance: the radioscopic analysis of crystal structure. “It
was a glorious time when we worked far into every
night with new worlds unfolding before us....” At first
William Henry Bragg favored detecting the reflecting
rays with an ionization chamber (Fig. V-6) but later
adopted the photographic method and went on to de-
sign the x-ray spectrometer (Figs. V-7 and V-8). This
useful instrument facilitated the study of crystallogra-
phy and brought to fruition his son’s ideas; it deter-
mined the absolute values of lattice spacings and
brought the crystal analysis to a standard procedure.
“Although the description of this instrument was pub-
lished in our joint names’—wrote William Law-
rence—*I had no share in its design.” Their work be-
came the basis of fundamental advances in both
inorganic and organic chemistry.

No one accepted more readily the impact of von
Laue’s discovery on his own concept of the nature of
roentgen rays than Bragg himself, although he never
relinquished his aim to combine a wave-particle the-
ory. “If the experiment helps to prove x-rays and light to
be of the same nature”—wrote Bragg—“‘then such a
theory as that or neutral pair’ is quite inadequate to
bear the burden of explaining the facts of radiation.”
And he added: “The problem then becomes...to find
..one theory which possesses the capacity of both.™ +
With an optimist’s enthusiasm, he became engulfed in
the newly created activities. At the Solvay Conference
in Brussels (1913), Bragg recorded full acknowledge-
ment of his son as the originator of the idea. Partici-
pants at the conference sent William Lawrence a post

n\ = 2dsiné

Fig. V-5. Reflection of roentgen rays from parallel atom planes in a
crystal, Lawrence Bragg’s equation permits finding of the wave-
length by determination of the angle of reflection.

+ See Subject Notes on page 183.
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Fig. V-6. Early spectrometer using ionization chamber, designed
by William Bragg.

card with congratulations for “advancing the course of
natural science”; it was signed by Mme. Curie, Ein-
stein, Rutherford, and Laue. However, the abstract of
Bragg’s report published abroad did not retain Bragg’s
reference to his son. Their joint success, as it often
does, was to bring father and son an unanticipated
measure of unhappiness and of lingering uneasiness in
their relationship. The fact that William Lawrence
Bragg made the earliest report® and that William
Henry Bragg gave repeated credit to his son for his
original idea did not compensate for the general ten-
dency, at home and abroad, to give credit to the well
known senior Bragg and to congratulate him for his
luck in having such a bright collaborator in his son.
Possibly, the son’s modesty and filial deference com-
bined with the father’s ebullient enthusiasm for their
joint achievements led most scientists to give undue
credit to William Henry and unquestionable pain to
William Lawrence; it lasted for years.”> But for the
fire at McGill, the Braggs, father and son, would have
been separated, and the world might have been de-
prived of the fruits of their candid collaboration.

The senior Bragg retained his interest in other
subjects and undertook, among others, studies of char-
acteristic absorption of different radiations. Work
done in collaboration with S. E. Peirce led to an equa-
tion, the Bragg—Peirce Law, according to which if one
keeps the wavelength below the band or edge at which
the absorption discontinuity takes place, the absorp-
tion coefficient per atom is proportional to the fourth
power of the atomic number (z) and to the 2.5 power of
the wavelength®: )

p=KZA%

As World War I began, the two Bragg sons enlisted
in a corps of colonial cavalry at the University. Wil-
liam Lawrence was sent to France to learn sound rang-
ing of shells for the British forces. Early in the conflict,
younger son Robert Charles Bragg, a Cambridge un-
dergraduate, was killed in Gallipoli; Henry Gwynn-
Jeffreys Moseley (1887-1915),F who had just done ex-
cellent research on atomic numbers, was also lost
there.??” In 1915 the Nobel Prize of Physics was award-
ed to William Henry and William Lawrence Bragg, for
their research of the structure of crystal by means of
roentgen rays; William Lawrence celebrated in the
company of a village priest with whom he was billeted

+ See Biographical Notes on page 171.
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Fig. V-9. Sir William H. Bragg, O. M., Nobel Prize winner (1915).
Signature.

59



60 Chapter V: William Henry Bragg

Fig. V-10. Sir William Bragg, O.M., Director of the Royal Institu-
tion. Drawing by Sir William Rothenstein (1934).

chose to prepare and to deliver several courses of
Christmas Lectures; one of these series was entitled
“Concerning the Nature of Things.” He thoroughly en-
joyed and delighted his young audiences, for whom the
lectures were intended, with a variety of subjects:
Sound, Light, Trades, Science, Craftsmanship. His ap-
parently effortless delivery did not betray the concern,
the care and the skill that went into the preparation of
his lectures (Fig. V-10).

With their living quarters “over the shop,” an im-
portant part of the Bragg’s family life was their old,
romantic country cottage at Chiddingfold, Surrey,
within reach of London; there they retired for relaxa-
tion, and they entertained his collaborators as part of
the family. Bragg could retire to the “apple house” if
he cared to work or could play billiards at his neigh-
bor’s.

In December 1927 two gas explosions on Albe-
marle Street caused damage to the Royal Institution;
with Lady Bragg seriously ill, the family took tempo-
rary abode in a furnished house in Chelsea in order to
allow for rebuilding. To face the expense of reconstruc-
tion, Bragg raised money by selling the Dorchester Pa-

pers, the correspondence of American headquarters
staff, including letters by Washington during the War
of Independence.”® In 1929 after a period of consider-
able suffering, Lady Bragg died, and their daughter
remained Bragg’s closest companion. Gwendolen
Bragg, an accomplished artist, contributed some of the
illustrations for her father’s publications. Together,
they traveled to America. He spoke at the Franklin
Institute in Philadelphia and at the Massachusetts In-
stitute of Technology in Boston. To an audience of 400
physicists and chemists at Cornell University, he read
fragments of the diary of Michael Faraday; he attend-
ed a luncheon of 200 at which he received Honorary
Membership in the New York Meteorological Society.
He also lectured in Toronto, Rio de Janeiro, and Bue-
nos Aires. “We had grand times together,” wrote
Gwendolen.

In 1929 Bragg delivered the Huxley Lecture:“On
the Crystal Structure of Organic Substance in its Rela-
tion to Medicine” % ; he spoke of the range of struc-
tures found in the living body and of the roentgen rays
as means of finding the accurate geometry of their long
chain compounds. “Bragg saw, and saw more clearly
with the passing of years”—said Astbury—*“that the
crowning glory of structure analysis would one day be
in the realms of biology.”® In 1930 Bragg received the
Copley Medal of the Royal Society, and in 1931 he was
granted the Order of Merit. “He had become”—wrote
Andrade—“not only one of the great figures of English
science but also something of a national figure.”'®
Through all these distinctions, he retained a modest
and unassuming manner. In 1932 Gwendolen Bragg
married Alban D. R. Caroe (1904-); after 18 months,
the newlyweds moved in to live at the Royal Institu-
tion, enlivening it with the sounds of children: Bragg
loved his grandchildren and was said to be a splendid
grandfather (Fig. V-11).

In 1931 Bragg worked intensely on the Faraday
Centenary. Besides the profusion of exhibits at Albert
Hall, there was a Commemorative meeting at Queen'’s
Hall at which de Broglie, Marconi, and Elihu Thomson
spoke; Bragg delivered the Commemorative Ora-
tion.** Writing for the British Journal of Radiology,
Bragg heralded the entrance of roentgen rays as a tool
in industry; though no eye could see it, he said, the
roentgen rays reveal the curious spiral arrangement
of the atoms of oxygen and silicon in the quartz crystal
with 50 million turns to the inch.%¢

Attention has been called to Bragg’s exceptional
ability to take up a subject, adding something new to it
and then, just as casually, laying it down again. An
example of this was his interest in smectic crystals; in
a discussion at the Faraday Society (1933), he made an
elegant demonstration and explanation of their optic
phenomena in terms of the cyclides of Dupin.’® “Bragg
showed that the static arrangement of a number of
equidistant parallel layers without rigidity was a set of
surfaces formed in successive layers around an ellipse,
having as lines of discontinuity the ellipse itself and a
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hyperbola in a plane perpendicular to it, each plane
passing through the focus of the other.”'* In short, he
explained the phenomenon in terms of the cyclides of
Charles Dupin (1784-1837), French mathematician
and engineer famous for his theories of curved sur-
faces. He never seems to have been interested again in
liquid crystals.

In 1935 Bragg delivered the 15th Mackenzie-Da-
vidson Lecture,®” the British Institute of Radiology’s
memorial in honor of the pioneer, Sir James Macken-
zie-Davidson (1856-1919). He showed that the radiolo-
gicinvestigation of organic crystals is best displayed in
the form of contour maps that show the distribution of
electrons in the crystal, giving the organic chemist a
remarkable insight and permitting him to see the indi-
vidual atoms as so many electron groups, their relative
positions and distance. That year he made a series of
six lectures over the British radio network (BBC) on
the subject of light, color, and waves. Thus, his articu-
late voice became familiar to thousands.

In 1935 Bragg was elected President of the Royal
Society; his respect for tradition and his historical
sense commended him to the older Fellows; his kind-
ness and easy access reassured the younger ones.***
“His fine presence, his dignity tempered with genial-
ity, his wide knowledge and his ready sense of the right
word made him a complete figure in the Chair.”’* As
World War II approached, he was to be called upon for
his scientific leadership and his respected ability to ex-
press the scientist’s point of view to the general public.
His voice was reassuring.*

Following the Munich crisis (August 1938), Bragg
made a broadcast speech to his nation on international
reconcilement and on the need for it to be fought with
all the devotion that a war would require.” Although
he coined the phrase “moral rearmament,” he was not
a follower of the movement that adopted that name.
Advances were made to the Royal Society by the Kai-
ser Wilhelm Gessellschaft for an exchange of visi-
tors.®® Bragg took them as a gesture of friendliness and
accepted carrying on the exchange in the belief that it
would promote understanding: his decision was not po-
pular in a scientific community that included numer-
ous German refugees. In January 1939, with 17 other
British figures, he subscribed a proclamation in the
German language calling on men of good will to coop-
erate towards the prevention of war.

In April 1939 Bragg delivered the Pilgrim Trust
Lecture before the National Academy of Sciences in
Washington, D.C. By then, the wheels were in surrepti-
tious motion to achieve an atomic chain reaction. He
chose to talk on the 300 years of accumulated history
in the archives of the Royal Society’® and used the oc-
casion to emphasize his firm conviction that “the spirit
in which knowledge is sought and the manner in which
it is used are more important than the knowledge it-
self.”

The war brought Sir William new obligations.
Pressured by the Royal Society, under Bragg’s presi-

dency, the British government set up a Scientific Advi-
sory Committee to the War Cabinet; Bragg was one of
its members. A carefully compiled list of some eight
thousand scientists was made available to the Chief of
Staff; within a short time, it proved greatly valuable.
In addition Bragg became chairman of the Committee
on Food Policy. At age 78, he wrote a remarkable and
comprehensive article published by 7he Times on the
subject of the nation’s food. He was also a member of
the Advisory Council of the Department of Scientific
and Industrial Research.“If we could and would reject
the universal aid which science is giving us, our war
effort would collapse.” Everywhere he went he
brought his courteous and optimistic attitude.

In 1941 William Lawrence Bragg received the per-
sonal recognition that he so much deserved as he was
made Knight Bachelor and became Sir Lawrence (Fig.
V-4). Sir William was even happier than his son. “Wil-
lie is knighted! Isn’t that fine?”’—wrote Bragg—"“He
will have to be Sir Lawrence: we can’t have confusion
worse than ever.” He hoped that the honor would con-
tribute towards alleviating the lingering uneasiness
between them. (Fig. V-12.)

v " ‘ : s
Fig. V-11. Grandfather Bragg and grandchildren at Watland.
(Courtesy of Mrs. Alban Caroe.)

* See Subject Notes on page 183.



62 Chapter V: William Henry Bragg

Fig. V-12. Sir Lawrence Bragg, Companion of Honor, in retirement
(1968).

Bragg’s early experience with literal interpreta-
tion of the Bible (“Literal only means what the reader
thinks that the writer means”) and his drastic rejection
of it allowed for gradual return of his religious yearn-
ing. In Adelaide he embraced the churchgoing habits
of his wife’s family and became a churchwarden (“We
trust that this life is a preparation, not a final proba-
tion”).?? In Leeds he endured his vicar’s lack of under-
standing of the scientist’s viewpoint. In London he at-
tended the Early Service and avoided the interminable
sermons. “One man’s creed”—said Bragg—*‘is another
man’s hypothesis... . The scientist becomes chary of
prophecy and assertion, having found that his hypothe-
sis can only be provisional.”™ At Wells, in a Diocesean
Conference, he was disheartened by the theologian’s
attitude towards science.”” In Washington, in answer
to a reporter, Bragg said: “Science is merely knowledge;
it has no morality... . To the question of whether Eve
should have eaten the apple of knowledge...the scientist
can only answer yes.

Great sayings speak to every man in the language
that he understands, said Bragg. Love thy God...love
thy neighbor: “To the student of science”—he said—
“the words mean that he is to put his whole heart into
his work, believing that in some way he cannot fully
comprehend, it is all worthwhile, that every straining
to understand his surroundings is right and good...”®*
In Newcastle-upon-Tyne (March 1941), he argued that
scientists must draw temporary conclusions to find
guidance in their effort of discovery; therefore, they

make hypotheses that are always tentative. Hypothe-
sis—Bragg held—is the essence of science and faith
alike. “Conuviction of the truth of any faith”—said he—
“is to be gained by practice... . Every man...has ever in
front of him the hope that he will by doing his service
play his part in binding the community together.”™

A scientific researcher is by nature a doubter,
geared to suspicions of his own beliefs and not con-
sciously inclined to accept dogma. Faith, on the other
hand, is the belief in what is not demonstrable in the
evidence of things not seen, the substance of things
hoped for. Hope, however, may be the anticipation of
one’s wishes, the expectation of the impossible. Char-
ity, as Bragg pointed out, offers the greatest opportuni-
ty to seek the truth of one’s faith.™

Few scientists have done as much as Bragg to de-
velop a healthy partnership of science and industry.
For this purpose, he repeatedly described the progress
brought forth as a consequence of scientific re-
search.® “The mind of a nation”—said Bragg—*‘is so
expressed because its craftsmanship, in its widest sense,
represents its effort to live.”®* He maintained that the
state of a nation’s craftsmanship was an index to its
health and that to hinder the growth of science was to
prevent the growth of craftsmanship. “No clear line
can be drawn”—he added—"between pure science and
applied science.”"

Bragg’s last paper, published posthumously, dealt
with the extrareflections or diffuse spots of sylvine™;
the subject aroused his perennial enthusiasm. He suf-
fered from arteriosclerosis and could only walk short
distances at a time. On March 12, 1942, after two days
in bed, he expired. Seldom has the death of a scientist
brought such a wide sense of personal loss to members
of the scientific community everywhere and to the
public at large.

William Lawrence Bragg possessed or developed
in himself many of the same qualities that character-
ized his father: he was a remarkable and unselfishly
dedicated teacher, an ingenious experimenter and a
lecturer most capable of disrobing facts of their camou-
flaging vestments. He was also greatly admired by his
students and very popular with lay audiences. In 1937-
38 he left Manchester to become director of the Nation-
al Physics Laboratory; then he went on to succeed
Rutherford again, this time as Cavendish Professor of
Experimental Physics at Cambridge. In 1954 he was
appointed director of the Royal Institution, which had
been revived by his father. Sir Lawrence founded three
famous research schools for the study of silicates, met-
als, and alloys as well as protein crystals. He retired
from active scientific work in 1965 and was planning a
biography of his father in coauthorship with his sister.
On his 80th birthday, a gathering of world radiation
crystallographers hailed him rightly as the father of
their science; contrastingly, as noted by his sister, they
hardly mentioned the important role played by his fa-
ther.”” He died in Ipswich (Suffolk) on July 1st, 1971
(Fig. V-12).






