
The Two Ernests—I

Some personal recollections of Ernest Rutherford and Ernest
Lawrence in the period 1927-1939. Rutherford, who dominated
the Cavendish Laboratory, gave his physicists a minimum of
equipment hut a maximum of personal interest in their re-
search. Lawrence developed the Radiation Laboratory into a
prototype facility for research with large, expensive equipment.
Both inspired others to produce and interpret nuclear reactions.

by Mark L. Oliphant

ON 11 JANUARY 1939 after a visit to
Berkeley, I wrote a letter to Ernest
Lawrence that contained the following
paragraph:

"I find it very difficult to thank
you for the magnificent and in-
structive time which I had in Berke-
ley. It was truly fine of you to be
so liberal of time and of thought on
my behalf. I know of no laboratory
in the world at the present time
which has so fine a spirit or so
grand a tradition of hard work.
While there I seemed to feel again
the spirit of the old Cavendish, and
to find in you those qualities of a
combined camaraderie and leader-
ship which endeared Rutherford to
all who worked with him. The es-
sence of the Cavendish is now in
Berkeley. I am sincere in this, and
for these reasons I shall return again
some day, and I hope very soon."
'̂ow, in 1965, after many subse-

quent visits to the Radiation Labora-
tory, which Lawrence created and
which » now named after him, I re-
gain intrigued by both the many
similarities, and the differences, be-
Uveen Rutherford and Lawrence.

John Cockcroft and Ernest Walton
tot observed nuclear transformations
produced by artificially accelerated par-
tlcIes, and James Chadwick discovered
^neutron, in the Cavendish Labora-

tory, Cambridge, in 1932. Lawrence
conceived the cyclotron principle in
1929, in the University of California,
Berkeley. By 1932, with his colleagues
Niels Edlefsen and M. Stanley Liv-
ingston, he h:id made the cyclotron a
successful instrument with which he
was able to confirm the results of
Cockcroft and Walton, and carry
them to much higher bombarding ener-
gies. The period between these great
discoveries and that of the fission proc-
ess by Otto Hahn and Fritz Strassmann
in 1938, was of the greatest importance
in the development of modern phys-
ics. In this article, I endeavor to set
down some recollections of that pe-
riod and of two individuals who gave
it such momentum that it changed
the whole course of physics and led,
inexorably, to the development of nu-
clear weapons and nuclear energy. No
pretense is made that this account is
complete, or that the facts presented
are in accordance with the recollections
of others who lived through those stir-
ring days. The study of the effects pro-
duced in the atomic nucleus by bom-
barding it with nuclear projectiles had
transformed knowledge of matter and
its properties. The parts played by
Rutherford and Lawrence, directly
and indirectly, will remain outstanding
contributions to that work.

Ernest Rutherford and Ernest Law-

rence, in two succeeding generations,
built around them great schools of in-
vestigation that laid the foundations
of physics as it is practiced today.
These two men, so much alike, and
yet so strangely different, were parts
of totally different worlds. Together,
their lives spanned the period of the
greatest revolution in knowledge of
the physical universe since Newton's
time. Each was a pioneer, and each
was the descendant of pioneering
parents who chose to build a new
life in a land far removed from the
home of their ancestors. It is revealing:
to review the early life of each.

Rutherford, early years

Rutherford's grandfather, George
Rutherford, migrated from Scotland to
New Zealand in 1842. His son James,
then three years of age. grew up in
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HOUSE, in South Island, New Zealand
where Rutherford lived as a child.

the colony and followed his father's
trade as a wheelwright. James met
and married a widow, Caroline
Thompson, who had left England for
New Zealand with her parents, in
1855. They settled near Nelson, in
the South Island, where James Ruther-
ford had a small farm and worked as
a contractor building the railways.
Ernest Rutherford was born on 30
Aug. 1871, the second son in a large
family of twelve children. When Er-
nest was eleven years of age, the fam-
ily moved a short distance to Have-
lock, where his father established a
mill to treat the native flax of the
area, and a small sawmill. At the
primary school there, Ernest was in-
fluenced by his teacher, J. H. Rey-
nolds, who taught so well that Ernest
won a scholarship to Nelson College,
with almost full marks in the examina-
tion. He entered the College at 15
years of age, and was much helped
by one of the masters, W. S. Little-
john, a classicist who taught also
mathematics and science. Ernest had a
broad education, excelling in mathe-
matics, but winning distinctions in
Latin, French, English literature, his-
tory, physics and chemistry, and be-
coming head of the school. He was a
scholar of distinction, but played
games reasonably well and entered ful-
ly into the life of the school. A. S. Eve,
in his biography of Rutherford, quotes
a fellow student as saying, "Ruther-
ford was a boyish, frank, simple and
very likable youth, with no pre-
cocious genius, but when once he
saw his goal, he went straight to the
central point." He took photographs
with a home-made camera, dismem-
bered clocks, made model water wheels
such as his father used to obtain pow-
er for his mills. Under the influence

of his mother and his fine teachers,
Rutherford developed a wide taste for
literature and read avidly all his life.
He became especially interested in bi-
ographies.

In 1889 he won a scholarship to
Canterbury College, Christchurch, a
component college of the University of
New Zealand. There, as one of 150
pupils in the small institution, he en-
joyed five very full years, obtaining
successively his B.A. and M.A. de-
grees, the first in Latin, English,
French, mathematics, mechanics and
physical science, and the second, at
the end of his fourth year, with a
double first in mathematics and physi-
cal science. During his fifth year,
Rutherford concentrated on his sci-
ence, carrying out many experiments
on the electromagnetic waves discov-
ered by Heinrich Hertz, and investi-
gating the effects of the damped oscil-
lations of the Hertzian oscillator upon
the magnetization of steel needles and
iron wires. He showed that the mag-
netization was confined to a thin,
outer layer of the metal, by dissolving
away the surface in acid.

Rutherford was able to use these
magnetic effects to detect the wireless
waves from his oscillator, and demon-
strated that these waves travelled for
considerable distances, passing through
walls on the way. He reproduced
Nikola Tesla's experiments on the
high voltages that could be produced
with a resonant transformer, and de-
veloped techniques for measuring in-
tervals of time as small as 10 microsec.
He spoke to meetings of the Science
Society on his work and on the evo-
lution of the chemical elements, and
he published two papers in the Trans-
actions of the New Zealand Institute.
He found it necessary to supplement
his scholarship by coaching students,
and went to live with a widow, Mrs.
de Renzy Newton, whose daughter
Mary he later married.

In 1895 Rutherford applied for an
1851 Scholarship, which was awarded
to a New Zealand student in alternate
years. The examiners of the 1851 Royal
Commission, in London, awarded this
to a chemist, J. C. Maclaurin, but
were impressed enough by Rutherford
to urge the award of a second scholar-
ship, which was not given. However,
Maclaurin gave up the scholarship to

accept an appointment in the civil
service; so Rutherford was offered the
award. He elected to go to the Caven-
dish Laboratory, in Cambridge, to
work under J. J. Thomson, and had
to borrow the money to pay for his
passage to England. He and John S.
Townsend, of gas-discharge fame, ar-
rived at the Cavendish Laboratory al-
most simultaneously, to become the
first of the new category of research
student recently established in the
University of Cambridge. There he
joined Trinity College and began
fresh experiments on the detection
of electromagnetic waves by use of the
effects of high-frequency currents upon
the magnetization of iron wires. He
soon established himself as a research
worker of great promise, of whom
Andrew Balfour wrote, "We've got
a rabbit here from the antipodes and
he's burrowing mighty deep." Ruther-
ford was ambitious and anxious to
qualify for a post that would enable
him to marry Mary Newton. He
thought that the detector using very
fine magnetized steel wires surrounded
by a solenoid in which high-frequency
currents reduced the magnetization
might make his fortune. Before Gu-
glielmo Marconi, he was able to de-
tect radio waves at a distance of half
a mile.

Rutherford developed early an ex-
traordinary ability to recognize, and
concentrate upon, the puzzling prob-
lems of frontier knowledge in phys-
cis. He was never content to follow
pedestrian paths of measurement or
rounding off of investigations initiated
by others. George P. Thomson, in his
Rutherford Memorial Lecture, pointed
out that Rutherford was working in
the Cavendish Laboratory when two
completely new physical phenomena
were discovered. These were the dis-
coveries of x rays, by Wilhelm Roent-
gen, and of radioactivity, by Henri
Becquerel and each opened up hither-
to unsuspected areas of investigation
destined to change the course of phys-
ics. It is not surprising, therefore, that
when J. J. Thomson invited Ruther-
ford to join him in the investigation
of the ionization produced in gases by
x rays, Rutherford seized the oppor-
tunity to move into more exciting
fundamental studies.

Rutherford showed that the ioniz-
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ing effect of x rays was due to the
production of positive and negative
ions in equal numbers and devised
ingenious methods for measuring the
velocity of drift of these ions in an
electric field. Then in 1898 he in-
vestigated the ions produced when
ultraviolet light fell on a metal plate,
showing that they were all negative
ions and that their properties were
identical with the ions produced in the
gas by x rays. Upon hearing that
the radiations discovered by Bec-
querel to be spontaneously emitted
by uranium and thorium were able
to ionize gases, Rutherford made ob-
servations of the properties of the
ions produced, and found them identi-
cal with those that he had investi-
gated previously. He showed that two
kinds of radiation were present, an
easily absorbable and strongly ionizing
component which he called "alpha
rays," and a much more penetrating
radiation to which he gave the name
"beta rays." He had found the field
of physics in which he was to spend
his life.

In August 1898 Rutherford was ap-
pointed to a professorship of physics
at McGill University. He had applied
for the post reluctantly, after assessing
his prospects in Cambridge, mostly be-
cause of his desire to get married,
but, having made the decision he ac-
cepted enthusiastically. Upon arrival
in Montreal he rapidly established
himself, and was soon at work on the
further studies of radioactivity that
were to establish him as the greatest
experimental physicist of his day. In
the summer of 1900, he went to New
Zealand to collect his bride, returning
to McGill in the autumn. In 1901 their
only child, a daughter, was born.

Rutherford's subsequent work in
Montreal, Manchester, and Cambridge,
K part of the history of science, in
every textbook.

Lawrence, early years

Lawrence's grandfather, Ole Lawrence,
left his home in Norway to settle in
Madison, Wisconsin, in 1840. There
he became a school teacher in a primi-
tlve, pioneering community. He sent
his son, Carl, to the University of
Wisconsin, from which he graduated
in 1894. Carl followed his father's pro-
fession as a teacher and showed that

he inherited the pioneering spirit, for
he moved farther west to South Dako-
ta as a Latin and history master.
He became superintendent of public
schools in the small community of Can-
ton, and while there, married Gunda
Jacobsen, the good-looking daughter
of Norwegian immigrants, in 1900. Er-
nest Lawrence was born to them on
8 Aug. 1901.

Ernest's parents were good people,
in the old-fashioned sense of these
words. Although his father had a de-
gree in arts, and had taught the hu-
manities, he was not a scholar. The
mother, a teacher of mathematics be-
fore her marriage, became an excellent
wrife and mother. She was a strict
Lutheran, mingling high principles and
loving care in the upbringing of her
two sons, Ernest and John. From his
parents Ernest acquired a strict moral
code and a belief in the inherent
decency of most human beings. Carl's
ability as an administrator, combined
with his integrity, led to his becoming
in turn head of the Southern State
Teachers' College in Springfield, and
then of Northern State Teachers' Col-
lege in Aberdeen, South Dakota. So,
the family enjoyed modest means, but
not sufficient to enable the boys to
indulge in extravagances without earn-
ing money for themselves.

Ernest grew to be a tall, gangling
youth. Unlike Rutherford, he did not
enjoy the rough and tumble of team
games like football but enjoyed ten-
nis, which he played well, if not bril-
liantly, throughout his life. His career
at high school was not outstanding,
and though he showed promise in sci-
ence, he performed indifferently in
English. He read very little, and in
later life was sarcastic about and im-
patient of his humanist colleagues, see-
ing little practical good in their work.
He was never a cultured man and
had few of the social graces so that he
made few friends among girls and did
not shine in extracurricular activities
of the school. However, he was by no
means antisocial, these traits arising
from indifference towards any activity
that did not fire his interest. He was
ambitious and worked hard and con-
sistently, so that he graduated from
high school at 16 years of age after
three, instead of the usual four years.

During the Ions* summer vacations,

RUTHERFORD AT 21, while a student
at Canterbury College, University of
New Zealand. Photo from A. S. Eve,
Rutherford, Cambridge University Press.

LECTURING AT McGILL University,
1907, after Rutherford left Cambridge.
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JESSE BEAMS shares a laboratory with Lawrence at Yale University, 1927, where
they developed a technique to observe the lifetimes of excited atomic states.

Lawrence worked on farms in the dis-
trict, as a salesman for aluminum
ware and in other ways earned the
money required to buy the necessities
of an American boy with a mechani-
cal turn of mind—motor cars of various
vintages, radio receiving equipment,
tools and electrical gadgets, and so on.
No doubt under the influence of the
concern for others of his parents,
he decided upon a career in medicine,
and he was sent to a small private
college, St. Olaf's in Minnesota, to
begin his preliminary studies. He was
too young and unsettled to do well
there. After a year he moved to the
University of South Dakota. He soon
applied to the dean, Lewis E. Akely,
for permission to build and operate a
radio transmitting equipment. Akely
was much impressed with the knowl-
edge and ambition of the youth, and
persuaded him to turn to physics,
providing him with individual tuition
in the subject in order to give him a
start. After graduation in chemistry-
he had not abandoned his ambition
to do medicine—Lawrence was persuad-
ed by his close friend, Merle Tuve,
and by the offer of a fellowship, to
move to Minneapolis. There he
worked with W. F. G. Swann, an Eng-
lish immigrant who had been working
in geophysics in Washington, but who
had joined the University of Minne-
sota in order to work in more basic
physics. Leonard Loeb recalls that
Swann was not popular with his col-
leagues but that he got on extremely
well with young graduate students,

inspiring them to do research of qual-
ity and encouraging them with help
and discussion. Under his influence,
Lawrence abandoned his desire for a
medical career. Swann introduced him
to the exciting field of experiment
arising from development of the quan-
tum theory. His early interest in elec-
tromagnetism was stimulated and de-
veloped. He took his master's degree
early in 1923, and later that year
moved with Swann to Chicago.

In Chicago Lawrence found himself
in a very different environment where
research was vigorously pursued by
an outstanding group of physicists.
He was stimulated greatly by contact
with Arthur Compton, at the time
completing his work on the Compton
effect. But he found himself also in a
department run on strictly European
lines, where the professor was all-
powerful and status determined the re-
lationships among members of the lab-
oratory. Neither Swann nor Lawrence
was at ease in this atmosphere, and
when Swann accepted a post at Yale,
a year later, Lawrence went with him.
In Chicago Lawrence had learned the
real meaning of research, and he threw
himself into it with complete devo-
tion. But it was at Yale that his gifts
as an experimenter, aided by his ener-
gy and enthusiasm, really flowered.
For his PhD he worked on the pho-
toelectric effect in potassium vapor,
carrying out beautiful experiments
that demonstrated clearly that he was
a physicist of high quality. Under a
National Research Council Scholar-

ship, and after appointment to an as-
sistant professorship, Lawrence con-
tinued with his researches. He made
precise observations of the ionization
potential of mercury vapor, of im-
portance in the determination of the
value of Planck's constant h and de-
vised an elegant method of measuring
the ratio of charge to mass of the
electron. With Jesse Beams, who be-
came his firm friend, he developed a
beautiful technique for measuring very
short time intervals, which was ap-
plied to observations of the lifetimes
of excited states of atoms.

In 1928 Lawrence was offered an
associate professorship at the Univer-
sity of California, in Berkeley, having
turned down an earlier offer of an
assistant professorship. A lengthy cor-
respondence with Elmer Hall, the
chairman of the physics department,
and with Raymond Birge, who had
called on Lawrence in Yale and was
much attracted by him, has been faith-
fully recorded by Birge in the history
of the department that he is writing.
It seems that Lawrence was attracted
to California by the opportunity to
teach an advanced course and to di-
rect the work of research students, ac-
tivities reserved in Yale for more senior
members of staff. Birge pointed out
the good opportunities for rapid ad-
vancement of a good man in Berkeley,
contrasting this with the policies at
Yale, Harvard and Princeton, where it
was almost impossible to "get any-
where, after one was there, except
under very special circumstances. . . ."
Lawrence wrote to Birge saying that
some men in Yale were very "sore"
that he should even consider a posi-
tion in California to be comparable
with one in Yale. "The Yale ego is
really amusing. The idea is too pre-
valent that Yale brings honor to a
man and that a man cannot bring
honor to Yale."

Lawrence accepted the offer from
Berkeley, and arrived there in August
1928. He set to work at once to con-
tinue his work on the photoionization
of cesium vapor, used the techniques
which he had developed with Beams
for the measurement of short time in-
tervals in observations of the early
stages of the spark discharge, and one
of his research students, Frank Dun-
nington, developed his method for
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measuring the charge-to-mass ratio of
the electron. He was not committed
to this type of investigation, however.
He felt that the current challenge in
physics was the investigation of the
atomic nucleus, rather than of the
atom as a whole. He was impressed
by the limitations of the methods of
investigation developed by Rutherford,
who bombarded nuclei with alpha par-
ticles emitted by naturally occurring
radioactive substances. Like Cockroft,
he appreciated Rutherford's desire to
be provided with much more intense
beams of even more energetic particles
with which to probe the internal struc-
ture of nuclei.

Lawrence has recorded how, early
in 1929, he read a paper by Rolf
Wideroe on the use of high-frequency
voltages for accelerating charged par-
ticles. He recognized that it should be
possible to use a magnetic field to curl
the paths of such particles into a spiral,
and that because the Larmor time-
of-revolution in the field was inde-
pendent of the energy, they could re-
main in resonance with the voltage
across an accelerating gap. Robert
Brode has told me of a visit to him
by Lawrence the day after seeing the
article, enquiring whether the mean
free paths of ions could be made long
enough for them to suffer negligible
scattering by residual gas in their very
long spiral paths. Lawrence's colleagues
agreed that his calculations were cor-
rect, but they were dubious whether
the method could be applied in prac-
tice.

In 1930, Edlefsen, who had com-
pleted his PhD thesis, constructed
crude models of the system and ob-
served some resonance effects. Living-
ston joined LawTence, after Edlefsen
left that summer, and built an im-
proved model that showed resonances
corresponding with the rotation times
of molecular and atomic ions of hy-
drogen. By Christmas 1930, a 6-in mod-
el surprisingly like a modern cyclotron,
was in operation, producing hydrogen
ions with energies of 80 000 eV.

The "magnetic-resonance accelera-
tor," as the cyclotron was first named,
had become a reality. Lawrence had
found his life's work.

In 1932 Lawrence married Molly
Blumer, daughter of a distinguished
medical man, whom he had met while

at Yale and whom he had courted
for some years. They had six children,
two boys and four girls. He was happy
with his family, and the children en-
riched the life of both. Lawrence ap-
pears to have been a normal scientist-
father, much preoccupied with his
work, alternatively indulgent and too
strict, with his serene and capable wife
holding the balance and creating the
home.

The two compared

The similarity between the early ca-
reers of the two men is apparent. The
earliest interest of each was in radio.
However, while Rutherford abandoned
that field completely when he turned
to the study of radioactivity, the radio-
frequency problems of the cyclotron
kept alive the interest of Lawrence.
With David Sloan and Livingston he
built his own oscillators, and after the
war he developed a picture tube for
color television that is now manu-
factured by the Japanese firm, Sony.
Each moved from radio into atomic
physics, and then to the study of the
atomic nucleus. Each wras single-mind-
ed, working indefatigably towards a
goal once it was chosen. Each showed
tremendous enthusiasm, which he was
able to convey to others.

In his early work, Lawrence showed
an insight into physics very like that
of Rutherford. Whereas Rutherford
continued throughout his life to ex-
plore in the frontiers of knowledge,
however, Lawrence chose to contrib-
ute to physics less directly. After the
discovery and successful development
of the cyclotron, Lawrence's flair for
organization and his business ability
enabled him to build the first of the
very large laboratories in which mas-
sive and expensive equipment was de-
signed, built and used by the able
teams of men he attracted to work
with him for investigations into basic
problems in physics in which he played
little part, personally. This pattern of
research has become the modern ap-
proach all over the world. Rutherford,
on the other hand disliked large and
expensive equipment. He preferred to
remain involved, personally, in almost
all the work going on in his laboratory.
His interest and ability in administra-
tion and finance were rudimentary. He
dominated the laboratory by his sheer

greatness as a physicist and provided
for his colleagues and students only
the very minimum of equipment re-
quired for an investigation. Ruther-
ford, with his roots in the soil and the
hard, practical life of New Zealand,
bucolic in appearance, became the deep
thinker and the originator of new
physical concepts. Lawrence, brought
up in an academic atmosphere, im-
pressive and scholarly in appearance,
became the originator of new tech-
niques and of the large-scale engi-
neering and team-work approach to
discovery.

Both men were extroverts and good
"mixers" in company. Donald Cook-
sey recalls that when Lawrence entered
a room filled with great industrialists
or successful politicians, his presence
was at once noticed, and his impact
upon them was profound. Rutherford,
however, could be taken for a farmer
or shopkeeper, and it was not till he
spoke that he was noticed by those
who did not know him. Neither was
a good speaker or lecturer; yet each
influenced and inspired more col-
leagues and students than any other
of his generation. Both built great
schools of physics that became peopled
with other great men, and Nobel
prizes went naturally to members of
their laboratories. Each was most gen-
erous in giving credit to his junior
colleagues, creating thereby extraor-
dinary loyalties.

Rutherford and Lawrence were self-
confident, assertive, and at times over-
bearing, but their stature was such
that they could behave in this way
with justice, and each was quick to
express contrition if he was shown to
be wrong.

Neither Rutherford nor Lawrence
could tolerate laziness or indifference
in those who worked with them.
Rutherford said to a research student
from one of the dominions, at tea be-
fore a meeting of the Cavendish Physi-
cal Society, "You know, X, I do not
believe that you are in and at work
because your hat is hanging behind
your door!" Such a remark was far
more effective than any reprimand.
During the hectic days of the Man-
hattan Project in the war years, Law-
rence spoke to me several times of
individuals whom he felt did not share
his sense of urgency and complete
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dedication to the task in hand. "I
don't know what has gone wrong
with Y. He's lazy and his attitude is
affecting those round him. I think
we'd better get rid of him."

Rutherford had a great and affec-
tionate regard for Niels Bohr, who
had worked with him in Manchester.
Lawrence could not understand the
attitude of the gentle theoretician, who
had been smuggled out of Denmark
by the British and brought to Los
Alamos, where it was thought that his
genius could aid the design of a nu-
clear weapon. While the task was not
completed, Lawrence could see no
sense in Bohr's worries about how it
should be used, or his concern about
the part the devastating new weapon
could play in the creation of a world
without war. Great as was his admira-
tion for the man who had made a liv-
ing reality of Rutherford's nuclear
atom, he felt that Bohr was actually
holding back progress and would be
better away from the project. On his
part, Bohr found it difficult to under-
stand the complete objectivity of Law-
rence over an undertaking which cre-
ated a crisis in human affairs to which
men of science could not be indiffer-
ent.

Although wholly dedicated to the
pursuit of scientific knowledge, both
Rutherford and Lawrence delighted in
the company of men who had achieved
greatness in other spheres. Because of
their positions and reputations, they
made many contacts and a multitude
of friends among industrialists, poli-
ticians, lawyers, medical men and the
higher echelons of the civil service.
They were at home in such company
and enjoyed the good living which
many such men accepted as part of
their existence. But there was one-
great difference. Rutherford enjoyed
what has been called smoking-room
humor. Although his own memory
for such stories was not good, his
great roar of booming laughter was
to be heard after dinner as he savored
the subtlety of some lewd tale. I never
heard Lawrence swear, under any cir-
cumstances, and his reaction to off-
color humor was not encouraging.

Both Lawrence and Rutherford could
be devastatingly blunt and uncom-
promising when faced with evidence
°f lack of integrity, or of gullibility,

RUTHERFORD, IX 1926, visits New Zealand as Cawthron Lecturer.

LAWRENCE AT CONROLS of the 37-in. Berkeley cyclotron, about 1938.

in scientific work. I recollect an oc-
casion when Rutherford was asked to
advise whether die inventor of a diag-
nostic machine, which had been report-
ed upon favorably by one of the Royal
physicians, should be paid a large sum
of money for rights to use his equip-
ment. Diseases were alleged to be diag-
nosed by connecting electrodes to the
patient and observing the deflections
of meters indicating excess or defect
of various elements in the patient's
body. The inventor explained that the
"black box" contained radioactive va-
rieties of each of the elements, where-

upon Rutherford became very angry,
pouring scorn on both the fraudulent
inventor and the gullible physicians
who believed in the efficacy of his
machine. 1 am told that Lawrence
was invited to examine the claims of
a chemist in Berkeley who maintained
that isotopes of the chemical elements
could be detected, and their propor-
tions measured, in incredibly small
concentrations, by observation of
certain optical resonances in polarized
light, which were characteristic for each
individual isotopic mass. Looking
through the eyepiece, he could find
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strumentation tape recording: with complete IRIG compatibility.
he tape transport, key to superior system performance, is of a
î rged and simple Hewlett-Packard design which reduces costs
ithout sacrificing uniform tape motion; six electrical speeds are

pushbutton-selected (1% to 60 ips) without idler or capstan change.
Other standard features include provision for edge track for voice
commentary, adjustable input/put levels, built-in 4-digit footage
counter accurate to 99.95%, and easy snap-on reel loading. The
transport needs no maintenance except occasional cleaning of the
tape path.

rieek the system specifications here and call the H-P Field Engi-
er in your locality for complete technical data and application
i^ineering assistance. Offices in 48 U.S. and Canadian cities, and
ajor areas overseas. Sanborn Division, Hewlett-Packard Com-
ny, Waltham, Massachusetts 02154. Europe: Hewlett-Packard

~>4 Route des Acacias, Geneva, Switzerland.

representative specifications

DIRECT MODE

Tape Speed

60 ips

15 ips

1 % ips

Bandwidth

300-250 KC

100-62.5 KC
300-44 KC

50-7 KC
300-5 KC

Frequency
Response

±3db

±3 db

±3db

S/N Ratio
Filtered

35 db

32 db
38 db

30 db
39 db

Minimum RMS
Unfiltered

29 db

27 db

26 db

* Measured with bandpass filter at output with an 18
db/octave rolloff

FM MODE

Tape
Speed

60 ips

15 ips

l7/8 ips

Bandwidth

0-20 KC

0-5 KC

0-625 cps

Frequency
Response

+ 0 , - l d b

+ 0 , - l d b

+ 0 r - l d b

FM Center
Carrier

Frequency
(Nominal)

108 KC

27.0 KC

3.38 KC

S/N Ratio*
Without
Flutter
Comp.

45 db

45 db

40 db

Total
Harmonic
Distortion

1.5%

1.5%

1.8%

-Noise measured over full bandwidth, min. rms at zero
freq. dev., with /owpass filter placed at output. Filter
has 18 db/octave rolloffs.

TAPE TRANSPORT

Maximum Interchannel Time Displacement Error: ± 1 microsec-
ond at 60 IPS, between two adjacent tracks on same head.

Tape Speeds: GO, 30, 15, 7V2, 33/4, l7/e ips standard; 0.3 to
120 ips optionally available.

Tape: 3600 feet, 1.0 mil, y 2 " (7 channel), 1 " (14 channel).

Controls: Line (Power), Stop, Play, Reverse, Forward (fast) and
Record are pushbutton relays. A receptacle at the rear of
the transport is provided for remote control operation.

Drive Speed Accuracy: ± . 2 5 % .

FLUTTER

Speed

60 ips

30 ips

15 ips

7V2 ips

33A ips

V/B ips

Bandwidth

0-200 cps
0-10 KC

0-200 cps
0-5 KC

0-200 cps
0-2.5 KC

0-200 cps
0-1.25 KC

0-200 cps
0-625 cps

0-200 cps
0-312 cps

Flutter (p-p)

0.2 %
0.6 %

0.2 %
0.8 %

0.25%
0.6 %

0.5 %
0.65%

0.5 %
0.8 %

0.8 %
1.2 %

HEWLETT
PACKARD SANBORN
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no evidence whatever of the maxima
and minima which were said to exist.
He burst into laughter, in a cruelly
embarrassing manner, at the self-de-
lusion of the young observer, who had
been persuaded by the senior perpe-
trator of the hoax that there was
something to observe.

Politics

In politics, Rutherford was what
would be called nowadays, a woolly
liberal. My wife and I spent many
periods with the Rutherfords at their
country cottage, "Celyn", in the beau-
tiful Gwynant Valley of North Wales,
and later at "Chantry Cottage" in
Wiltshire, where the walking was less
arduous. He and I often had political
arguments, which were particularly hot
at the time of the abdication of Ed-
ward VIII. I thought that no harm
would come if Edward were allowed
to marry Mrs Simpson, whereas Ruth-
erford argued that it would do irrepar-
able harm to the monarchy. His main
concern was that science should be
used properly in the development of
the economy, and on one of his rare
appearances in the House of Lords, he
advocated the establishment of a
ministry of prevision to keep the gov-
ernment informed about the advance
of science and technology and the prob-
able impact upon industrial develop-
ment. He was most generous and open-
hearted, and did all that he could to
aid the victims of Nazi persecution.
He was as suspicious of communism as
he was of extreme conservatism, but
he liked Stanley Baldwin, one of the
most conservative prime ministers Brit-
ain ever had. At heart, he was apo-
litical, but when pressed, declared
that he was a liberal.

Ernest Lawrence was both an idealist,
who cared intensely about the future
of his children and all mankind, and
a pragmatist, who saw little good in
the obsession of some of his colleagues
with the examination of social and po-
litical schemes for alleviating the lot
of humanity. Sometimes during the
war, he and I walked up or down the
hill between the Radiation Laboratory
and the campus of the university. The
downward trip usually began by his
drinking a carton of cold milk, which
I loathed, the liquid portion of which
often fertilized one of the stately euca-

lyptus trees planted on the hillside.
We would pause on the way to gaze
down over the unforgettable beauty of
San Francisco Bay. Then, and while
walking, he would tell me of his deep
concern that science be used fully to
aid the development of the human
race, and of his admiration for the
practical steps that Franklin Roosevelt
was taking to enable this to happen
in the United States. He would out-
line what he could see ahead in the
application of physical knowledge in
communications, and the productivity
of industry and agriculture. He would
express his conviction that knowledge
of matter and radiation would trans-
form the biological sciences and pro-
Aide tools for medicine that would
alleviate, cure and prevent disease. He
felt that this was a task for mankind,
and not only for America, and he was
anxious to help create a world situa-
tion in which all knowledge could be
shared by all men. In a practical way
he did this whole-heartedly, helping
us all, wherever we were, to build
cyclotrons, by providing freely draw-
ings, full details, and even his thoughts
about improvements upon what had
been built in Berkeley. Of course he
could not escape entirely the atmo-
sphere of the times, and after the end
of the war, he veered somewhat to-
wards a more restricted and less gen-
erous view of the part that his great
country should play in maintaining
the peace and assisting other nations.
But this was true only of his politics,
and his deep commitment to the de-
fense of America. In his science, he
remained the same open-hearted be-
liever in openness and in the value
of exchange of knowledge and of in-
formation in the removal of interna-
tional misunderstandings.

However, Lawrence was genuinely
apolitical. He had inherited liberal
democratic leanings from his parents,
but he could not become excited about
political issues. For instance, he was
quite unaffected by the "loyalty oath,"
which the university imposed upon
members of its staff, and which caused
great dissension among some of them.
Although unable to appreciate the
strong objections of many of his col-
leagues to what he regarded as a trivial
obligation imposed by those who gen-
erously supported his laboratory, never-

theless, he fought hard for them as
individuals.

Advice on cyclotrons

It is interesting here to recall that
the first inquiry Lawrence received
from anyone about the possibility of
construction of a cyclotron elsewhere,
was from Frederic Joliot, of Paris. On
14 June 1932, he wrote from the Lab-
oratoire Curie, saying that he had read
with great interest Lawrence's publica-
tion on the production of ions with
high velocity. "Votre travail me parait
remarquable, et les etudes que Ton
peut faire avec de tels rayons sont
dun grand interet." [Your work seems
remarkable to me, and the studies that
can be made with such rays are very
interesting.] He would like to build
an apparatus of a similar type, and
to do it rapidly. To this end, he re-
quested two reprints of the article,
and any details of construction of the
"points les plus delicats" [the most
delicate points]. On 20 Aug. Law-
rence replied, apologizing for the de-
lay, and told Joliot that he might be
able to obtain a magnet made for a
Poulson arc radio transmitter, similar
to one that Lawrence had obtained
in the United States, which he under-
stood was being dismantled at Bor-
deaux.

The generous attitude of Lawrence
towards others desiring to build cyclo-
trons of their own is well illustrated
by the following extract from a
letter to Kenneth Bain bridge, dated
6 Feb. 1935:

"I have just received a letter from
Professor [George] Pegram at Co-
lumbia, saying that they want to
embark upon the construction of a
cyclotron provided that I have no
objections. I am writing him that,
rather than having objections I am
more than delighted that they are
planning to build a cyclotron. The
cyclotron to my mind is by far the
best ion accelerator for nearly all
nuclear work, and it would give me
a great deal of pleasure if many
laboratories would build them."

On 27 Nov. 1935 Lawrence wrote to
Chadwick, congratulating him on the
award of a Nobel Prize, and offering
to give him every help in building a
magnetic-resonance accelerator in Liv-
erpool. He said that the Cavendish
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must miss Chadwick greatly, but that
this was compensated by the fact that
he would build in Liverpool another
great center of nuclear physics. Chad-
wick replied that he felt rather lucky
to get a Nobel Prize and thanked Law-
rence for his offer to help to build
"your magnetic-resonance accelerator,
which ranks with the expansion cham-
ber as the most beautiful piece of ap-
paratus I know." In letters about the
construction of cyclotrons by others,
Lawrence always emphasized that, con-
trary to the ideas of many, the cyclo-
tron was not a difficult piece of equip-
ment to get into operation.

The wrord "cyclotron" did not ap-
pear in any publication from the Ra-
diation Laboratory till 1935, in a paper
by Lawrence, Edwin M. McMillan and
Robert Thornton,1 where the follow-
ing footnote is inserted:

"Since we shall have many occa-
sions in the future to refer to this
apparatus, we feel that it should
have a name. The term 'magnetic-
resonance accelerator' is suggest-
ed. . . . The word 'cyclotron,' of
obvious derivation, has come to be
used as a sort of laboratory slang
for the magnetic device/'

Running their laboratories

The Cavendish Laboratory, under
Rutherford and his predecessors, was
always short of money. Rutherford had
no flair and no inclination for raising
funds. Only under extreme pressure,
first from the ebullient Peter Kapitza,
and later from Cockcroft and me, was
he prepared to fight hard for money
for large or complex equipment. He
never sought riches and died a com-
paratively poor man. Lawrence, on the
other hand, had shrewd business sense
and was adept at raising funds for
the work of his laboratory. Apart
from his early interest in medicine,
he realized early the medical possi-
bilities of the radiations produced by
the cyclotron, and did not hesitate
to use these in his search for funds.
In 1935 he wrote to Bohr:

"In addition to the nuclear in-
vestigations, we are carrying on in-
vestigations of the biological effects
of the neutrons and various radio-
active substances and are finding
interesting things in this direction.
I must confess that one reason we

have undertaken this biological work
is that we thereby have been able to
get financial support for all of the
work in the laboratory. As you well
know, it is so much easier to get
funds for medical research."

Similarly, after the war, he made full
use of the wartime achievements of
the Radiation Laboratory in raising the
support required for the very large ex-
pansion of its activities. However, it
was his concern for the defense of his
country and his belief that it was un-
wise to confine the development of
nuclear weapons to Los Alamos, which
led him to establish a branch of the
laboratory devoted to this work at
Livermore.

Lawrence's phenomenal success in
raising money for his laboratory was
undoubtedly due to his able handling
of executives in both industry and gov-
ernment instrumentalities. His direct
approach, his self-confidence, the qual-
ity and high achievement of his col-
leagues, and the great momentum of
the researchers under his direction bred
confidence in those from whom the
money came. His judgment was good,
both of men and of the projects they
wished to undertake, and he showed a
rare ability to utilize to the full the di-
verse skills and experience of the vari-
ous members of his staff. He became the
prototype of the director of the large
modern laboratory, the costs of which
rose to undreamt of magnitude, his
managerial skill resulting in dividends
of important scientific knowledge fully
justifying the expenditure. But in
achieving this, he had to give up per-
sonal participation in research. His
influence on die laboratory programs
remained profound, and his enthusi-
asm radiated into every corner of the
institution. William Brobeck, who
joined the Radiation Laboratory in
1936 as an engineer, recalls that Law-
rence took an animated part in all dis-
cussions of technique and showed an
extraordinary ability to see a piece of
equipment as a whole, avoiding be-
coming bogged down in detail. Law-
rence was a regular visitor to each
section of the laboratory until illness
caused him to appear very seldom out-
side his office.

Rutherford's method of running a
laboratory was in striking contrast to
that of Lawrence. He was not much

interested in the apparatus for its own
sake, believing that techniques grew
from the demands of the experiment.
Like Lawrence, he advocated a simple,
preliminary approach, a sort of skir-
mish into the territory to be explored,
followed by refinement if the recon-
noiter showed promise. He would roam
round the laboratory, discussing results
and the physical knowledge they re-
vealed, rather than apparatus. His
stimulus was enormous, and his in-
fluence direct. A glance at any list of
publications from the Cavendish Lab-
oratory, or from the laboratories in
McGill or Manchester in his periods
there, reveals how deep was his influ-
ence on the researches carried out.
Lawrence worked to give others the
opportunity to achieve important re-
sults; Rutherford was so great a physi-
cist that almost every member of his
laboratory found himself working upon
some problem that Rutherford had sug-
gested, or that arose directly from
Rutherford's own work. This domi-
nance was not imposed upon his col-
leagues and students. They often be-
gan work along lines of their own
choosing, but rapidly found that die
instinct of Rutherford's genius was a
surer guide to interesting and im-
portant results.

Both Rutherford and Lawrence gave
coherence to laboratories inhabited
by workers of differing temperaments
and varying abilities. LInder their in-
fluence, each gave of his best; all re-
joiced in the outstanding achievement
of one of their number, and each felt
himself to be part of the whole, shar-
ing its triumphs and its vicissitudes.

Seventh Solvay Congress

Although Lawrence had made a very
rapid tour of Europe with his friend
Beams in the summer of 1927, he and
Rutherford did not meet till 1933. In
that year, the Seventh Solvay Con-
ference, held in Brussels from 22 to
29 Oct., was devoted to nuclear phys-
ics, and, naturally, Lawrence was in-
vited to attend. He was eager to go,
since this would give him the oppor-
tunity to meet the principal workers
in his field. Those taking part
included:
From Cavendish Laboratory:

Ernest Rutherford
James Chadwick
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John Cockcroft
Patrick Blackett
Paul Dirac
Cecil Ellis
Rudolf Peierls
Ernest Walton ^

From Institut du Radium. Paris:
Marie Curie
Irene Joliot-Curie
Frederic Joliot
M. S. Rosenblum

From the Physical Institute, Leipzig:
Werner Heisenberg
Peter Debye

From elsewhere:
Neils Bohr (Institute of Theoreti-

cal Physics, Copenhagen)
Albert Einstein (then living in Bel-

gium)
Erwin Schrodinger (Physical Insti-

tute, University of Berlin)
Wolfgang Pauli (Physical Institute,

Zurich)
Louis de Broglie (France)
Marcel de Broglie (France)
Enrico Fermi (Physical Institute,

University of Rome)
George Gamow (Institute of Mathe-

matical Physics, Leningrad)
Abraham Joffe (University of Phys-

ics and Mechanics, Leningrad)
Walther Bothe (Physical Institute,

University of Heidelberg)
Lise Meitner (Kaiser Wilhelm In-

stitute, Berlin)
Francis Perrin (Institute of Chem-

istry and Physics, Paris)
Leon Rosenfeld (Institute of Phys-

ics, University of Liege)
H. A. Kramers (Institute of Phys-

ics, University of Utrecht)
Nevill Mott (University of Bristol)

Ernest Lawrence, the only American
invited, naturally was greatly pleased
to find himself among this group of
eminent physicists who, together, rep-
resented almost all that was then
known, from experimental and theo-
retical investigation, of the atomic nu-
cleus. His invitation from the Presi-
dent, Paul Langevin, asked him to
participate in 'Texamen de questions
relatives a la constitution de la ma-
tiere" [the examination of questions
relative to the constitution of matter],
and reports were to be read by Ruther-
ford, Chadwick, Bohr, Heisenberg, Ga-
mow, Cockcroft, and M and Mme
Joliot. It was clearly to be an exciting
meeting, as it was only a year earlier

that the neutron had been discovered,
and transmutation of nuclei by arti-
fically accelerated beams of charged
particles had been achieved.

In a letter to Langevin, dated 4 Oct.
1933, written after he had read the
papers that had been circulated to
those invited, Lawrence stated that he
wanted particularly to make some rath-
er extensive observations on Cock-
croft's report, and that he might wish
to comment on papers by Chadwick,
Joliot, and possibly Gamow. He was
able to obtain funds to meet the costs
of his trip, but owing to his commit-
ments in Berkeley, he could stay in
Europe for only a very limited period.

At this time, Lawrence and his co-
workers had used the cyclotron to con-
firm the results of Cockcroft and Wal-
ton on the disintegration of lithium by
proton bombardment, and had extend-
ed their observations on this and other
transformations to higher energies.
Lawrence had eagerly availed himself
of the opportunity offered by the suc-
cess of Gilbert N. Lewis, at Berkeley, in
producing almost pure samples of
heavy water, and had accelerated the
nuclei of the new hydrogen isotope in
the cyclotron. His team observed an
enormous emission of protons and
neutrons from every target that was
bombarded, and this similarity of re-
sults, irrespective of target material,
had led Lawrence to put forward the
hypothesis that the nucleus of heavy
hydrogen, called the "demon" by
Lewis, was unstable, breaking up in
nuclear collisions into a proton and
neutron. Meanwhile, Lewis had pre-
sented samples of heavy water to many
investigators, including Rutherford,
and we had been making observations
in the Cavendish Laboratory that were
not in accord with Lawrence's view
that the deuton was unstable.

Lawrence went to the Solvay Con-
ference prepared to defend his hy-
pothesis and to back the cyclotron
as the type of accelerator most versatile
for experimental work in nuclear
physics. The marginal notes made by
him on the copies of the reports pre-
sented, give interesting information
about his attitudes. Some of these
are vigorous, as the large cross over
Cockcroft's assertions that "only small
currents are possible" from the cyclo-
tron, and when Cockcroft restated this

CYCLOTRON MODEL is held by Law-
rence in 1930, year after conception.

later, he wrote, "Not true," boldly in
the margin. In several places he com-
plained that the deuton-breakup hy-
pothesis received no mention, and it
becomes clear that he did not appreci-
ate fully the calculations of neutron
mass given by Chadwick, or the observa-
tions of Cockcroft, and of Rutherford
and me, which were not in accord with
his idea. He showed particular interest
in those observations reported by the
Joliots on gamma rays produced from
atoms bombarded by alpha particles,
both those collisions that result in cap-
ture of the alpha particle, and those
in which a nucleus is excited, without
actual capture.

Lawrence's meticulous care to give
credit to his colleagures for their part
in the work in his laboratory is evi-
dent from his insistence upon the addi-
tion of their names—Malcolm Hender-
son, Milton White, Sloan, Lewis and
Livingston—wherever Cockcroft's paper
mentioned only Lawrence.

Chadwick recalls, in a letter to me,
that Rutherford was much impressed
by the vigorous young Lawrence, and
remarked to Chadwick, "He is just like
I was at his age."

Lawrence paid a brief visit to the
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Cavendish Laboratory after the Solvay
Conference, and it was then that I
met him. We had a vigorous discus-
sion, with Lawrence sticking firmly to
his concept of an unstable deuton.
When he had gone, Rutherford, said,
"He's a brash young man, but he'll
learn!"

Cooksey tells me that he met Law-
rence at the boat in New York on his
return to America. Lawrence was bub-
bling over with enthusiasm for all that
he had seen and learned. He was par-
ticularly enthusiastic about the great
power of the neutron as an agent for
disintegrating nuclei, and expressed
the view that, before long, these would
make possible a self-propagating reac-
tion, and hence the practical release
of energy from nuclei. A truly pro-
phetic remark.

Deuton instability

After his return from the Solvay Con-
ference, Lawrence wrote to Cockcroft
informing him that, with Livingston
and Henderson, he would concentrate
upon the origin of the protons, with a
range in air of about 18 cm, which
were emitted from all targets bom-
barded with deutons. Firstly, they
would try to clear up the uncertainty
about contamination of the targets,
and if this did not turn out to be the
source of the particles, they would
"continue the experiments to shed
further light on the origin of the 18
cm protons." He reported also that,
on his way back, he had visited Wash-
ington, where Tuve had a beam of
protons with an energy of 1.5 MeV
from his Van de Graaff accelerator.

"I persuaded Tuve to investigate
the origin of the 18 cm protons
and the hypothesis of the disinte-
gration of the deuton right away.
I want to get the matter cleared up
as soon as possible and it will be a
great help if Tuve, with his inde-
pendent set-up, will investigate the
problem."
He wrote also to Gamow on 4 Dec.

1933, saying that he had been paying
particular attention to the hypothesis
of the disintegration of the deuton,
using clean targets and carefully puri-
fied materials. "However, we find that
the yield of protons and neutrons pro-
duced by the bombarding deutons is
quite independent of our endeavors

to clean the targets." They found that
2.8-MeV deutons produced disintegra-
tion protons in the same proportions
as observed at 1.2 MeV. On 28 Dec.
1933 he wrote again to Gamow:

"The experimental evidence that
the deuton disintegrates is growing.
Lately, we have observed the emis-
sion of long range protons (up to
about 20 cms) resulting from the
bombardment by protons of targets
containing heavy hydrogen. Though
perhaps the matter cannot be re-
garded as entirely settled yet . . .
certainly it must be admitted that
the evidence is preponderantly in
favor of the hypothesis of the ener-
getic instability of the deuton."
Cockcroft, in a letter to Lawrence

of 21 Dec. 1933, reported further work
on the long range protons produced
by bombardment with deutons from
lithium, carbon and boron, and noted
that while iron gave a small yield of
protons, none were observed from cop-
per, gold or copper oxide.

"We have so far not worked be-
yond 600 kV, and it may well be
that some groups appear at higher
voltages. I feel myself, however, that
the evidence so far is against your
interpretation of the break up of
H2."
Lawrence replied on 12 Jan. 1934:
"It seems to me that you are hardly
justified in feeling that the evidence
obtained by you so far is against
the interpretation of the break-up of
the deuton, since you have not
worked at voltages above 600 kV
. . . it seemed pretty evident from
our first preliminary observations
that the yield of the group of pro-
tons which we ascribe to deuton dis-
integration is in all cases very small
below eight or nine hundred thou-
sand volts. Despite your greater
intensities, on the basis of our ob-
servations we would hardly expect
that you would observe the disinte-
gration of the deuton at the voltage
you have been using. . . . I hope that
you will soon raise your voltage to
eight or nine hundred thousand.
Meanwhile I have written Tuve your
results and asked him to look into
the matter, as I understand he is
able to work now above a million
volts. I am anxious that the hypothe-
sis of demon disintegration will be

settled to everyone's satisfaction, and
to that end it seems essential that
independent experiments be carried
out in another laboratory."
Cockcroft wrote again on 28 Feb.

1934:
"We have been working steadily

on the question of disintegrations
by heavy hydrogen. In addition to
the results on lithium I reported to
you in my last letter, we find three
groups of protons from boron. . . .
We have been investigating copper,
copper oxide, iron, iron oxide, tung-
sten and silver, with stronger heavy
hydrogen, and we find from all of
these we get three groups of par-
ticles of identically the same range.
The first is an alpha particle group
having a maximum range of 3.5 cm,
the second is a proton group of
about 7 cm, and the third is a pro-
ton group of about 13 cm. This
latter group is the one which you
ascribe to the break up of the deu-
ton. It seems in the first place clear
that these three groups cannot all
be due to this break up, and we
therefore feel strongly that the alpha
particle group and the 7 cm proton
group are at any rate due to an
impurity which is probably oxygen.
We are not yet certain about the
13 cm group, but are carrying out
experiments with white hot tung-
sten targets which I hope may finally
dispose of this possibility. We can
observe all these groups at voltages
as low as 200,000, and the voltage
variation shows the standard Gam-
ow tail to the curve. . . .

"I feel, however, that we have
still very good justification for re-
fusing to commit ourselves to your
hypothesis of the deuton break up
until further experimental work has
been carried out."
To this typewritten letter, Cockcroft

added the following handwritten post-
script:

"We have now found that on boil-
ing in caustic and cleaning thorough-
ly the 13 cm group is reduced by a
factor 10; on heating to 2,600 by a
further factor. The 2.5 and 7 cm
groups disappear on heating and re-
appear on oxidation and seem due
to oxygen. . . . Oliphant is getting
queer results with H2 + H2."
Lawrence replied on 14 March 1934,
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REFRIGERATION
•CRYOPUMPING
•NUCLEAR RESEARCH
•SPACE SIMULATION
•LOW-NOISE AMPLIFIERS
•SUPERCONDUCTING

MAGNETS
•MATERIALS RESEARCH
•RELIQUEFACTION
Helium Refrigerators with capacities from
0.25 to 2,000 watts, and Helium Liquefiers
with capacities from 0.5 to 120 liters per
hour are offered by DIVISION 500.

CRYODYNE® Helium Liquefier and
Refrigerator. This compact, semiau-
tomatic device can produce up to 70
liters a week of liquid helium and
can also be used as a 4.2°K closed-
cycle refrigerator.

ADL CRYODYNE® Maser Refrigerator.
For use in global and space commu-
nications systems, this reliable sys-
tem can provide 1.0 watt of refrig-
eration at 4.2°K and will run con-
tinuously for 3,000 hours before
preventive maintenance is required.

ADL CRYODYNE® Parametric Ampli-
fier Refrigerator. A standard in the
microwave field for cooling low-noise
amplifiers in fixed or mobile sys-
tems, this 20°K machine can be
operated continuously for 3,000
hours before preventive maintenance
is required.

For technical bulletins or personal consultation, call or write:
GORDON COOMBS, 555 Acorn Park, Cambridge, Massachusetts 02140

DIVISION OF Arthur B.lUttl* Jnc.

ADL CREACHER Helium Refrigerator.
A liquid-nitrogen-operated, continu-
ous-duty refrigerator for attaining
temperatures down to 14°K. Ideal for
use in cryopumping applications or
as a general-purpose source of cool-
ing. Produces 1 watt at 20°K.

ADL-Collins Helium Liquefier. For 20
years the standard for low-tempera-
ture research installations, this
semiautomatic machine is available
in 25, 50, 100, and 200-liter-per-day
capacities. Refrigerator models: 200
watts at 20°K and 30 watts at 4.2°K.
Two models for hydrogen/helium
liquefaction.

ADL MULTIPOD Helium Plants. For
large-scale production of liquid he-
lium or as major sources of helium-
gas refrigeration, these plants are
available in six models. Liquefaction
capacities from 35 to 120 liters per
hour; refrigeration capacities from
750 to 2,000 watts at 20°K, 200 to
400 watts at 4.2°K.

Specialized Equipment . Cryogenic and Pyrogenic Engineering
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agreeing that Cockcroft's observation
that boiling tungsten in caustic re-
duces the 13-cm group by a factor 10
showed clearly that diis is due to a
contamination.

"I think it is quite possible that
the effects we observed when bom-
barding targets of heavy hydrogen
with hydrogen molecular beams were
due, as [C. C] Lauritsen sug-
gested, to an increase in demon con-
tamination resulting from partial de-
composition of the targets. I cannot
understand my stupidity in not rec-
ognizing this possibility when the
experiments were in progress. Need-
less to say, I feel there is now little
evidence in support of the hypothesis
of deuton instability. . . .

"Rather than continuing with
preliminary and exploratory experi-
ments at higher voltages, we have de-
cided to embark on careful investiga-
tions of the nuclear effects brought to
light and we shall make as precise
and trustworthy measurements as we
can. These recent experiences have
impressed upon us forcibly the fact
that much of our work has been
of too preliminary character to be
of value. I regret very much that
the question of deuton instability
involved you in so much work, and
I want to thank you very much for
stepping in and clearing the matter
up so effectively and so promptly."
Lawrence and his colleagues were

relatively new to nuclear physics, and
it is not at all surprising that they made
mistakes in interpretation of a com-
plex phenomenon. It was characteris-
tic of the young Lawrence that he held
tenaciously to his concept of deuton
instability, but that when presented
with definite evidence that it was
wrong, he immediately set to work
to change the approach of his team
to its experiments in such a way as
to avoid similar pitfalls in the future.

Deuton stable after all

Meanwhile, the explanation of the ori-
gin of the proton group that had led
Lawrence astray had been found in the
Cavendish Laboratory. On 13 March
1934, Rutherford wrote to Lawrence:

"I have to thank you for the Aery
interesting letter you sent me some
time ago giving an account of your
work. The whole subject is certainly

in an interesting stage of develop-
ment and reminds me very much
of my early 'radioactivity' days be-
fore the theory of transformations
cleared things up.

"I think you have heard from
Cockcroft about some of our-obser-
vations the last few months. Oli-
phant and I have been particularly
interested in the bombardment of
D with D ions, and I am enclosing
a note from Oliphant giving an ac-
count of our results. I personally be-
lieve that there can be little doubt
of the reaction in which the hydro-
gen isotope of mass 3 is produced,
for the evidence from all sides is in
accord with it. The evidence for the
helium isotope of mass 3 is of course
at present somewhat uncertain but
it looks to me not unlikely.

"You will see that Oliphant like
myself is inclined to believe that the
proton group which you observe for
so many elements arises from the
reaction I have mentioned. We
have made a large number of obser-
vations with beryllium and other ele-
ments but the results are not easy
of interpretation. We think the in-
formation we have found about the
D-D reaction will be helpful in dis-
entangling the data. As you no doubt
appreciate, it takes a lot of work
to make a reasonably complete analy-
sis of the groups of particles from
any element and then it has to be
done all over again with the other
compounds to try and fix the origin
of the groups. There is an enormous
amount of work that will have to be
done with the lighter elements to
be sure we are on firm ground.

"You will have seen about Cock-
croft's results due to the bombard-
ment of carbon by protons. This no
doubt produces the radio-nitrogen
of the Joliots but we can obtain
quite strong sources of positrons by
this method. I heard that Lauritsen
or yourself had observed similar ef-
lects with D bombardment. The
whole subject is opening up in fine
style. You will also have seen that
Oliphant and Co have separated the
lithium isotopes and confirmed the
tentative conclusions we put forward
before." My note went as follows:

"You may have heard of the ex-
periments which we have carried out

during the last week or two on the
effects observed when heavy hydro-
gen is used to bombard heavy hy-
drogen. As I believe these are in-
timately related to your own work,
I should like to tell you what we
have found."

The letter went on to give details of
the results, and of their interpretation
as due to two competing reactions,
the first leading to the production of
hydrogen of mass 3 and a proton, with
ranges of 1.6 cm and 14.3 cm respec-
tively, and the second to helium of
mass 3 and a neutron.

"We suggest, very tentatively, that
your results may be explained as
due to the bombardment of films
of D and of D compounds. Our re-
sults with C, Be, etc., could all be
accounted for by the presence of
less than one monomolecular layer
of D. . . ."
On 4 June 1934 Lawrence replied

to my note, saying that the late answer
was due to his desire to be able to
send some news of interest.

"Your experiments on diplons, to-
gether with Cockcroft and Walton's
recent work, have certainly cleared
things up in beautiful fashion. There
can no longer be any doubt that
our observations which we ascribed
to diplon break-up, are in fact the
results of reactions of diplons with
each other."

He ended his letter with a reference
to Cockcroft's contention, in his Sol-
vay Conference paper, that the cyclo-
tron gave only small currents:

"Dr. Cockcroft might be interested
to know also that we are gradually
increasing our currents of high ve-
locity ions, and that now we are
working regularly with more than a
microampere of either 3 MV diplons
or 1.6 MV protons and several mi-
croamperes of 3 MV hydrogen mole-
cule ions."
Lawrence had already replied to

Rutherford's letter on 10 May 1934,
saying:

"I want to thank you for your
very much appreciated letter. Every-
one here was delighted to learn of
the extraordinarily interesting exper-
iments you have been doing on the
reactions of D-ions with each other
(perhaps I should say diplons. I
do appreciate the force of your argu-
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merits in support of diplon,* but
all of us here have become quite
accustomed to deuton and it would
be some effort to change).

"It is difficult for me to under-
stand how we could have failed to de-
tect the effect of diplons on each
other. We did notice about twice as
many long range protons from the
heavy hydrogen target under bom-
bardment by diplons, but the differ-
ence between the targets was much
greater under proton bombardment.
The fact that the calcium hydroxide
targets decompose readily may in
some way account for our observa-
tions. Professor Lewis has prepared
some ammonium chloride targets and
we shall investigate the matter soon.

"The manuscript of Cockcroft and
Walton's admirable paper has just
arrived. There can hardly be any
doubt any longer that most of the
effects which we ascribe to disintegra-
tion of diplons are in fact due
largely to a general contamination
of heavy hydrogen in our apparatus.
I certainly appreciate the manner
in which this complexity of nuclear
phenomena already brought to
light makes it clear that it is easy
to fall into error, and that a good
deal of cautious work must be done
for trustworthy conclusions.

"Fermi's observation of radio-ac-
tivity induced by neutron bombard-
ment is a case in point. When we
bombard various targets with three
million volt deutons, large num-
bers of neutrons are always pro-
duced, which among other things
produce the types of radio-activity
discovered by Fermi. On receiving
Fermi's reprint announcing the ef-
fect, we looked for it and found
that it was no small effect at all. For

' The evident confusion in nomenclature
arose in this way. G. N. Lewis had proposed
the name "deuton" for the nucleus of the
atom of heavy hydrogen. Rutherford ob-
jected strongly to this, feeling that it would
inevitably lead to confusion with neutron,
especially in the spoken word. After discus-
sion with his classical colleagues, he pro-
posed the name "diplon," for the nucleus,
and 'diplogen' for the atom, terms derived
from Greek, and analogous to proton and
hydrogen. The dual nomenclature was given
UP eventually, and the compromise "deu-
teron" and "deuterium" was accepted. It
was said by one cynic that Ernest Ruther-
ford was happy when his initials were in-
serted into deuton!

example, we found that a piece of
silver placed outside of the vacuum
chamber about three centimeters
from a beryllium target bombarded
by a half micro-ampere of three mil-
lion volt deutons became in the
course of several minutes radio-ac-
tive enough to give more than a
thousand counts per minute when
the silver piece was placed near a
Geiger counter. We are now study-
ing this type of radio-activity in-
duced in various substances and will
not return to the effects produced
by diplon and proton bombardment
until we understand pretty well the
neutron effects.

"Dr. [Franz] Kurie has been pho-
tographing with the WiLon cham-
ber the recoil nuclei and disintegra-
tions in oxygen produced by neu-
trons from beryllium bombarded by
deutons. Although the Wilson
chamber is about twenty inches
from the neutron source and there-
fore subtends a rather small solid
angle, the neutron intensity is suffi-
ciently great to give him something
like five or ten recoil oxygen nuclei
in each picture and about one dis-
integration fork per ten pictures.
Most of the disintegrations appear to
result in C13 and an alpha-particle,
but Kurie has a dozen or so which
seem to involve the emission of a
proton and therefore the formation
of Nir>. But these conclusions are
highly tentative. At the moment
Kurie is busy making measurements
on his photographs.

"We have sent off for publica-
tion a manuscript on the transmuta-
tion of fluorine by proton bom-
bardment and I am enclosing the
essential curves of the experimental
results. As far as we can determine,
the alpha-particles from fluorine
have a range of between six and
seven centimeters, depending on the
energy of the bombarding proton.
These results support the possibility
suggested in your paper that the
4.1 cm alpha-particles observed by
you are due to boron.

"Dr. McMillan has been studying
gamma radiation from various sub-
stances and finds among other things
that fluorine emits under proton
bombardment, a five million volt
monochromatic gamma radiation of

considerable intensity. Some day
perhaps a short range group of
alpha particles from fluorine will be
found to account for this gamma ra-
diation.

"But possibly the most interest-
ing result that McMillan has found
about this radiation is its absorp-
tion coefficient. He finds that the
absorption per electron of the five
million volt gamma radiation varies
approximately linearly with atomic
number, reaching a value for lead
double that for oxygen. In other
words, nuclear absorption (pair pro-
duction presumably) is so great that
in going from two and a half to
five million volts the absorption co-
efficient in lead does not decrease
a great deal.

"I am glad to hear that you are
very well. You need not have told
me that you are kept very busy in
the laboratory, but I was very glad
to hear that the government has giv-
en you a substantial grant of money
for research and that you are re-
sponsible for its disbursement. Also
your comparison of your early radio-
activity days with the present is very
much appreciated. I remember in
the course of my graduate studies
what a 'kick' I got out of reading of
the early work on radio-activity, but
I did not even hope at that time
that I would have the opportunity
to work in a similarly interesting
new field of investigation. . . .

"Please tell Dr. Oliphant that I
appreciated his letter very much and
that I will be writing him directly
before long."

Rutherford's brash young man
learned very quickly, as Rutherford
predicted he would. From that time
onward, the contributions made to
nuclear physics in the Radiation Lab-
oratory were above reproach and of
rapidly increasing importance, as the
energy and intensity of beams avail-
able from the cyclotron increased. •

(This is the first of tico articles on
Ernest Rutherford and Ernest Law-
rence. The second will appear in the
next issue.)
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