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200 MAN-YEARS OF LIFE

The Story of Emest Orlando Lawrence

By Daniel Wilkes
Lawrence Radiation
Laboratory
University of California
Berkeley, Californla®

ARLY in 1929 Ernest Orlando
1awrence conceived the principic
of the cyclotron in one of those rare
flashes of insight that siand out in
scientific history. In the course of
developing and exploiting the idea—
the central preoccupation of the re- i
maining three decades of his life—
Lawrence profoundly influenced world
wience and human history.
Lawrence was the architect of
modern large-scale, team-research pro-
grams in basic science, cxemplified
most promi ly by the national lab-
oratorics around the world. His suc-
cessful merging of hasic research and
practical engineering provided a maodel
which, more generaily adopted, has
escalated the pace of both scientific
exploration and technological Jevelop-
ment.  lLawrence and his cycloiron
advanced  interdisciplinary  research
and especialty the application of physi-
cal science to bivlogy and medicine.
He and his luhoratory strongly influ-
enced the development and improve-
ment of nuclear weapons. The re-
sources of his laboratory were im-
portant in the initiation of a pew
policy of Fedetal investment in basic
science in the United States immedi- J
ately after the war.
Many factors were responsible for ,
Lawrence's enduring impact. He took
A PHYSICIST WWHO HAS CHANGED T atcount war prepred with he

assntance of Dr. Donald Cooksev, for over
. s s hee decades a cline friend and associate
THE COURSE OF HISTORY uf 1he late Profeswor Lawrence. Dr. Cook-
«+ it Asuwiate Director, Emeritus, of the
L awrrnce Radiation 1aboratory.
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up phyacs aea sibstantial ineonoos
Amcncan wiemee hegan o nie He
was not onhy a part of that movement,
hut also wasin the forefronl of Amers-
Can Kicte’s awent from a sevondary
salus 10 2 posttian o world Jeader-
ship. His cvclalron came into the
scrientific ficld when the atomic nucteus
was nipe for plucking: and his accel-
crators were the most cfficient ma-
chines for the harvest. Bul above all
in the catalog of factors stands law-
rence himsclf—his character, his di-
verse talents, and his perwnality.
What were Lawrence's origins? What
kind of man was he? How did he use
his talents (o achieve so much?

Lawrence came out of the heart-
tand of the nation, the descendant of
educated Norwegian immigrants who
hraved the {rontier before the middie
of the last century. The founder of
the family in America was Grand-
father Ole Lawrence (Lavrants), who,
fresh from Flatdal in Telemarken,
Norway, settled in Madison, Wiscon-
sin, in 1840, and took up his pro-
fession of teaching among the fron-
tier settlers. Lawrence's father, Carl,
after graduating from the Univer-
sity of Wiscomsin in 1894, became
a teacher of Latin and history
in South Dekota. Carl soon became
superintendent of public schools in
Canton, and ultimately assumed the
presidency, first, of Southern State
Teachers College in Springfieid. South
Dakota, and subsequently of Northern
State Teachers College at Aberdeen,
S.D. While at Canton in 1900, Card
married Gunda Jacobeon, & pretty sec-
ond generation Norwegian girl and a
high school matbematics teacher.

The character of the parents snd
the nature of the family environment
reves] much about Lawrence the ci-
entist. Both paremts were people of
high principle. Carl was fired from a
school administrative position during
World War | for resisting anti-German

ching post and obtined a posits
s a servant in order that the appren-
liceship i bomemaking would make
her & better wife.

Canton was a village on the Big
Sioux River. When Ernest began fife
there om Avgomt 8, 1901, the echoes
of the taming of the Grest Plains had
hardly died sway. And all bis fife the

2
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anconphcated impnst of the m,.-
tawns of the Plans was 1o remain an
hiv thinking and his pessonality.

The parents mingled principie and
sltrctness with fove and understanding
tor racst and their second son. John
Hundale  Gumla, a devored | utheran,
tanght her son the (raditional values
of pronecr Anwerica—honety. moral-
iy, and the fear of God. Allthough
the | awrences were never poof. a
tcacher's salary kept the family in
modest enough circumstances to pro-
vide abundant opportunity for the
hoys to learn at first hand the par-
ental valucs of frugality, hard work.
initiative and self-reliance.

For the most part, Ernests child-
hood and youth were not remarkable.
He grew 12ll at an early age—ulti-
mately his height was six {eet two
inches—and was 50 slender that he
carned the nickname, “Skinny.” He
had the clear blue eyes and luxurious
thatch of blond hsir of his Norwegian
ancestors. Astigmatism forced him to
wear glasses at an early age, giving
him an owlish lock. As & high schoot
boy, he was remembered by towns-
men as “nall, ungainly and slump-
shouldered.” FPor a time he played
tackle on the football team, but his
slight physique forced him to retire—
with a lifelong tump the size of a
walmut high oo his left forebesd. His
quick reflexes, however, served him
well in tennis, a sport in which he
excelled until the year of his death.
Through high school, he was a careless
dresser, had no “girl friends,” and was
socially indiffered. An esrly reti-
cence, which prevented him from ex-
pressing himself effusively, T ined
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Director of the Lawrence Radiation
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(Editor)

d by an | single-minded-

with him all his life.

The future scientist showed few
sigm of genius in his school work.
He earmed good high school grades
in the sciences—scores in the 90s
and high 80°s—but he had to setile
for marks in the 70's in English, his
poorest subject.

A oumber of traits that were im-
portant in hia later achievements, bow-
ever, did show up earty. In some ways
be was precociously mature. His
mother frequently remarked, “Erpest
was born grown up.” He had & “know-
ing” quality——an Instinctive insight
about people and situations and a
ready recognition of what was im-
portamt.

The young Lawrence exhibited an
almost compuisive lndustry, sustained
by boundless energy and compli-

ness. He was always in a hurry. By
taking a heavy schedule of courses,
he 'complelcd high school in three
years instead of four, graduating at
the sge of 16 in the spring of 1918.
Compelied to earn his own spending
money, he applied himself with initia-
tive, and intense energy. In the sum-
mers he worked on the surrounding
farms—as a cornbusker, laborer and
general handyman. He collected tick-
ets at the state fair, worked as a night
clerk in a hotel, and did odd jobs for
the traveling lecturers of the Chautau-
qua circuit. He showed precocious
business acumen by working his way
into leaderthip of a troop of youthful
door-to-door aluminum ware sales-
men, and trading his way up from an
old Model-T Ford to a brand new car.

Like many thousands of American
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CeunEnlth, deung bawivime tinkered
his way through the vouth of Ameri-
can technology. He huilt and operated
telegraph and crysial sels, and was
forever  taking  Model-T's  apant.
Among his adolescent friends, he
carned the reputation for bheing the
one who, when everyone else failed,
could make things work.

One of his boyhood friends in Can-
ton was Merle Tuve, who was also to
hecome a great American scientist.
The two hoys discovered a recent elec-
trical engincering graduate of M.LT.,
Vern Kennedy, living in town. The
youths induced Kennedy to teach them
the elementary facts of efectricity after
school. They applied their knowledge
to the construction of a wircless re-
ceiving set, and became ham radio
addicts.

Lawrence entered college with his
eyes on a career in medicine—a fleld
in which he pever lost interest. Gunda
considered her son——just turned 17—
too young to go into the “wickedness”
of the State College. So in the fall of
1918, she sent him to the smalier and
more cloistered St. Olals, a smatl col-
lege with Lutheran-Scandinavian ties,
in Northfield, Minn. The war was on,
and the campus had a Student Army
Training Corps program—for which
Lawrence was too young. Sensitive
1o his youth and somewhat uncertain
of his goals, be spent an unsettied
year. Among other things, be wound
up with a D in mathematics.

In the fall of 1919 he transferred
to the University of South Dakota, at
Vermillion, S. D., and it was there that

physics. Lawrence, majoring in chem-
istry and with medicsl school in mind,
demurred.

But Akeley, socing something worth

worked together a large part- of every
day. Akeley loctured on physics. Law-
rence, the only student, took noles

»

of phywcs . -and under pressure from
Akeley went on to take more

Lawrence graduated in chemistry in
1922—utilt intent on medicine. But
a fellowship and the importunities of
\Merle Tuve, whose Tamily had moved
to Minneapolis, hrought Lawrence to
that city and to the Univensity of
Minnesota.

1t Akeley waggled the bait of phys-
ics hefore Lawrence, W. F. G. Swann,
under whom Lawrence began study-
ing at Minnesota, set the hook. Swann,
apl in e ray h, had
an enormous impact upon La

A

after he received his degree. In 1927,
he was appointed to an aasistant peo-
fewsoeship on the Yale {aculty.

Early in 1925, in an interlude be-
tween completion of his thesls and
his oral examination, Lawrence filed
in some spare time by tinkering with
cathode ray tubes for tranamitting and
fecciving images. A friend was im-
preased by this primitive television
“invention,” and induced Ernem to
approach the Bell Telephons Labors-
tories. There he was shown patents
on most of the work Lawrence had

From Swann, Lawrence learned elec-
tromagnetic theory—a major basis of
his laler carecr—and earned his
master's degtee in the spring of 1923.
In that year Lawrence got his first
glimpse of accelerator potentials and
problems—for even then Swann was
working on an electrostatic generator.

Swann moved to Chicago in the
fall of 1923-—and Lawrence went with
him. It was at Chicago—alive with
new ideas and great physiciste—that
Lawrence was finally and completely
caught up in the excitement and fas-
ination of %, He pied &

laboratory next to Arthur Complon's,

done independently. But although sci-
ence consumed his time in the years
that followed. he maintained a lively
interest in television. As commercial
television started to get a foothold in
the post-war period, Lawrence was in-
trigued by the knotty prodlem of color
TV. In the early 1950°s, be started
experimenting, in his garage, with a
single gun coloc TV tubs. The prin-
ciple gave promise of s simple, flex-
ible, inexpensive, high fidelity color
tube. With a friend he formed a part-
nership for development of the tube
in aflistion with Paramount Pictures,
Inc. Recently, a Japaness firm (Sony)

and be sat up all night in Compton’s
Iaboratory during lhe definitive ex-
periment demonstrating the Compton
effect. Later, in "Atomic Quest”
Compton was to say of Lawrence:
“He had an extraordinary gift of
thinking up new ideas that seemed
impossible of achie and mak-
ing them work. In our conversations
in the Laboratory our refations had
been more those of research colleagues
than those of student and teacher.”
For Lawrence, ail doubts about the
future were resolved: science was the
tife for him. He poured his sbundant
energy into the Laboratory. Nights,
Saturdays, Sundays, holidays—time
had no meaning if there was some-
thing to be done in the laboratory;
and more often than not, there was.
Jt was a pattern Lawrence followed
for the remainder of his life.

After a year st Chicago, Swann

d that it had undertaken pro-
duction of small color TV sets using
the Lawrence tube.

Although the cyclotrou has ob-
scured his earty ressarch, Lawrence
did outstanding work in his pee-accel-
erator period. At Yale he measured
the ionization poteatial of the mercury
ion, which permitted caleulation of
the Planck coostant, b, the fundamen-
tal constant of quantum theory and
one of the four most important uni-
versal constants in sanme. He and
1. W. Beams developed & successful
method for obtaining time intervals
as amall as three nanoseconds He
developedamvmdpndnnmhod
of measuring ¢/m, the ratic of the
chatge to the mam of an electron—a
method later cauried to an elegant
state of perfoction by an early student
of Lawrence st Berkeley, P. G. Dun-
nington.

moved on to Yale. La foll
Thers he did his thesis research
the fine structure of the

s

La grew and prospered at
Yale. By the standards of the day be
was treated munificently. The idea that

eflect in p iy tving
Ph.D. in the spring of 1925.
thesis, containing new detall of
photoelectric effect, marked Lawrence
a3 an outstanding newcomer, and be
w-mmdbyﬁndonllnarcb
Councll Pellowships for two yean

a3

La could ider the Univer-
sty of California’s offer of an aseoci-
ate professorship for the fall of 1928
at a salary reduction of $300 from his
stipend of $3600 was greeted with dis-
belief in New Haven-—and not without
reason. In the academic world, Yale

3
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nountemant made ja 1930. e hh ot ton souree of the Vhiinch
yel o the y of Californie Redistion Leb y in Borke
loy. During the interim betweon the twe photegrophe shown  hore,
t hod been ¢

was a lesder, and membership on the
faculty was a high honor. California,
a far western state university, was not

the experimental physicist was surely
the atomic nucleus.” ’
Rutherford did his great work by

i

n idered a serious P
for faculty, Lawrence was assured he
would be burying himself at Berkeley.
But to Lawrence security and aca-
demic prestige had less meaning than
elbow room. He wanted 10 move fast
and free. California meant the oppor-
tunity of plete freedom in h
and 2 light enough teaching load to
atiow time for it. So in the fall of
1928 Lawrence turned his back on a
virtually assured career of distinction.
Like his ancestors he faced west, with
a misture of uncertainty and chal

Meanwhile, Lawrence had been

shled by this questi To what
ficid of physics should he commit him-
self? As he left Yale for Berkeley,
{awrence had made his decision. To
fawrence, as he aaid Iater, it was clear
from the work of the Rutherford
schoot that “the next great frontier for

‘1111818

bombarding nuclei with alpha particles
from radium. But there were limits
on the energy, the variety and the

.intensity of particle beams that could

be obtained from radium. So physi-
cists in Europe and America consid-
ered means for overcoming these lim-
its by the acceleration of particles.

In the fall of 1928 the major ap-
proaches (o laborstory acceleration of
particles were transformers and recti-
fBers, the surge geaerator. the electro-
static generator, and the Tesla coil.
To Lawrence, they all seemed com-
plex, costly. and, most important of
all, they had serious limitations on the
energy that could be achieved. Al of
these methods required the use of high
voltages and no insulators could with-
stand the high voltages required for
the encrgies Lawrence had in mind.
Lawrence's head was full of these
ideas in Fehruary, 1929. In his Nobel

of Sclencor, the Creuea Medel of The Franklia iniitvie, sad the

;::MMld'hlmlhdwydlndn. tn 1737 ke wos solecred
for the Nebel Prire in physics.

‘mmmhiumlomlwmhhwnulydmhh

Lecture, years later, he recounted how
he claborated the concept of the
linear accelerator and discovered the
cyclotron principle:

“One evening early in 1929 as |}
was glancing over current periodicals
in the University library, | came across
an article in @ German electrical en-
gineering journal by Wideroe on the
multiple acceleration of positive ions.
Not being able to read German easily,
1 merely looked at the diagrams and
photographs of Wideroe's apparatus
and from the various figures in the
article was able to determine his gen-
eral approach to. the problem—ic.,
the multiple acceleration of the posi-
tive jons by appropriate application
of radio {requency oscillating voltages
1o a series of cylindrical electrodes in
line. This new idea immediately im-
pressed me as the real answer which
{ had been looking for to the technical
problem of accclerating positive ions,
and without looking at the article fur-
ther I then and there made estimates
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of the general foutures of a lincar ac-
celerator for protons in the energy
range ahove one million volt electenns.
Simple cakulations showed that the
accelerator tube would be some meters
in length which at that time seemed
rather awkwardly long for laboratory
purposes. And accordingly, ! asked
myself the question, instead of using
s large number of cylindrical elec-
trodes in line, might it not be possible
to use two electrodes over and over
again by bending the positive ions
tack and forth through the clectrodes
by some sort of appropriate magnetic
fleld arrangement.  Again a  little
analysis of the problem showed that
s uniform magnetic field had just the
right properties—that the angufsr ve-
locity of the ions circulating in the
ficld would be independent of their
energy 30 that they would circulate
back and forth between suitable hol-
fow electrodes in resonancs with an
oscillating electrical field of a certain
frequency which now has come (o be
known as the ‘cyclotron frequency.’ ™
The first attempt o explore the
resonance principle of the cyciotron
was made in the spring of 1930 when
one of Lawrence's students, Nels Ed-
lefyen, constructed two crude models
—truly “sealing wax and baling wire”
gadgets with vacuum chambers sbout
four inches in diameter. Omne showed
some evidence of working.
Lawrence made the first public an~
Douncement of the new me\hod st the
g of the National A y of
Sciences heid in Berkeley in Sepum-
ber, 1930, where be demonstrated the
tiny model.

chamber of brass and sealing wax 4%
inches in diameter. This instrument
had all the msjor features of later
cyclotroes. On Janusry 2, 1931, this

A sine-lech cyciotroa was buik, and
then aa {l-inch instrument which in
1932 sccelersted jons 10
123 million electrom volts (Mev)—

for the fient time the magic

able work of Cockroft and Wialon
with lithium, accomplishing the firu
artificial disintegration of the aucleus
in the U. 8.

A lesser man would have rested on
his faurels. st least momentarily. In-
deed. more than one colieague won-
dered sloud why Lawrence would
want (o0 go to highet energy. Bul to
Lawrence this was only a beginning.
The disintegration of fight nuciei, such
as lithium, added significantly to sci-
entific knowledge. But | Mev par-
ticles could not cause reactions in the
heavier nuclel—the Coulomb barrier
was {00 great for peneiration by lons
of such fow energy.

Up to this point, Lawrence, ai-
though exploring & new technology,
had been working pretty well within
the bounds of common experience in
the way of laboratory equipment. Now
he wanted to reach out into the multi-
million voh energy range—where he
felt the nuclear hunting would be
really good. To Lawrence, a slight
improvement in un existing technique
was dull and uninteresting. But a ten-
fold leap—that was worth a man's
time, Lawrence fished only for the
big ones.

To go to the multi-million voh
range, Lawrence needed & huge mag-
net by the laboratory standards of the
dsy. Professor Raymond T. Birge,
Chairman of the Berkeley physics de-
partment, emeritus, fater obesrved:
* . . the construction of the much
farger instrument now needed meant
moving from the realm of physics
into that of engioeering: sod that is
just where most physicists would have
stopped. Not 30 with Dr. Lawrence.”

sep i cnergy he necded & huge mag:
et Mhe cost wemed almost profuby
nuve in view of the fevel of suppoet
available. At this stage it almost ap-
peared that moncy would put 8 ceil
ing on Lawrcnce’s ambitions.

Fortune intervened. There was 2
then-gigantic, 75-ton magnet lying un-
used in a Palo Alto, California, ware-
house. 1t had been built by the old
Federal Telegraph Company during
World War 1 for a radio transmittcr
ordered hy the Chinese government.
hut it was obsolete before delivery
was postible. The “white clephant”
was given 1o Lawrence who imtalled
it at Berkeley in October. 1931, ln 2n
old frame structure which was christ-
encd the “Radiation Laboratory.”

To his attack on the tricky cyclo-
tron technology. Lawrence brought
the bone-deep Xnowledge of clectro-
magnetic theory which had shown
through so clearly in his conception
of resonance acceleration. His method
was & mixture of empiricism, art, bold-
nes, falth and sweat. He did not
hesitate 1o venture imo territory where
no theory existed as & guide; snd he
continued to be blessed with his youth-
ful ability to “make things work™
Nor was he alone. He atiracted to
Berkeley young men of his own breed.
lo whom ha hnpmtd his :wn en-
they flew in tht face of the “impos-
sible.” Time after time, the “impos-
sible™ was achieved.

While constantly striving for higher
energy, Lawrence also worked to in-
cresse beam iotensity. In 1933 the
great G. N. Levh.dunolmebefke
ley chemistry ity, isolsted heavy
hyd and gave some to Lawrence.

Sizs and plexity, b . were
not the oaly problems. 1n those days
science existed in penury, and & grant
dSlmmw lnﬂmeﬂ-

et L d to have
a remarkable gift for ptﬂn; support,
and it was one of the major factors
in his success. Alhough some casual

- plied 10 Lawrence. History bas shown
that the besls for his support was good
idess. He had complets faith in the
need for exploring thoss ideas; his
eﬂhwdnlnmluhum'udhein-

spired
pooph mm(usthtmeived

re-

number of 1 Mev is perticle L
ton. With this instrument, Lewrsace

quwmw

ikt perpeuaing the €7
But in 1931 be was just beginning
o build his reputation. For the next

Y (2

{ Deuterons, proved to be much more

easily accelersted than protons, and
primary beam intensity rose markedy.

Deuterons greatly increased the use-
fulbess of the cyclouon in avother
way. By the fall of 1933 Lawrence
had found thst deuterons produce &
much more intense secondary beam
of neutrons than protons. Soon the
intensities of the primary beams and
the secondary heutron besm were
many orders of magnitude greater
than any possible radium source could

By 1934 Lawrence's single-minded
Setermination to forge a truly useful
tool had paid off. As reliability of
operation improved, rescarch time
toss, and Lawrence was ready to ex-
ploit the rich nuclear world then evolv-

5
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ing. He was delighted with the rc-
«arch opportunities offered by the
discovery of antificial radioactivity in
1934, At the same time he was natu-
rally rueful that the discovery had not
heen made in his laboratory.
“Indeed,” he observed later in his
Nobel Lecture, “looking back, it is
remarkable that we maaaged to avoid
the discovery of artificial radioactivity
prior to their (Joliot-Curic) epoch-
making anhouncement: for we tried
at first to use Geiger counters in ob-
serving s Acad

st

technigue with matursl radioisotopes
of Jead. irazed the path of phosphorus
12 in -ate. Lawrence engaged the in-
teres: of physicians, biochemists, phys-
iofcgists and agriculural and engineer-
ing scicntists in the use of dioi

the leading exemplars including W F.
Libhy and (denn T. Scaborg. law-
rence provuced radicisotopes and dis-
tributed them sround the world 10
eager and grateful screntists tn phys-

topes. And they began ploneering
studies which caused the Nobel com-
mittee in 1939 10 call special attention
1o these appli in its citation of
Lawrence.

In the summer of 193S, Ernest’s
brother, John, by then s full-fledged

by the cyciotron and observed that
their background was always variable
and large In those days Geiger
counters had the reputation of being
unreliable and. rather than looking
into the matter of their apparent mis-

h M.D. st Yale, visited Berke-

behavior, we turned to ion chambers
and linear amplifiers 1o observe heavy

particle freactions. Of course, the i dop of mfety
Geiger counters were simply being messares  which provided important
faithtul 10 duty and recording the fa- backgrownd for ssfe practice in the
diations from the artificial radi jesr age. Secomd, i imitiesed the
b is b sowimportast exploration of heavy
immediately after the Joliot-Curis se- n&h‘ﬁn‘ymhw
nouncement.” sl rch and of &
Upon hearing of e discovery, In 1937, with e 37iach cyclo-
Lawrence, Livingston and others im- tron pestorsiag eficicatty, (6.3 Mev
exposed a large ber of & ) snd yuidng peod fo-
the slemenls W the cyc besmn, search. Lowrence’s guse twrned agein
and obscrved sctivities in nesrly sl 1o e horizos. As s, he wasted
This was the begioning of cas of Ge higher energy. The destorses sod
richest areas of reseasch with fhe ©y- dighas of the YVinch wers met emer-
clotron. The iotense beam iseured gotic susugh to couse sesctions s the
prodoction of much larger quactities Sesvien demess. o sddiion, G
oA redioisotopes thas could be ob- rich frontier of radiciectopes spplics-
tained Gom radiom bombardemest. tes requived cspanded preduction,
The dentification of ieclopes wss md sy & cyclotron cevid produce
made casier, and sufficicat questities e i quantity, Pisefly, 8 smtron
of radicisotopes could be prodweed oo of higher energy showed prom-
for Tescarch in many Selds and for fas is conces Gestment. Dy mid- 1999
the diagnouis sad trestmest of discase. s §0iach cyclowwn, wilh s 125-40m
For yesrs, hardly 5 week pemed with- -.-.uh-‘un“-u
oul the discovary of oae or WO Te- firiag lias snd om scoelirsting dow-
Goisotopes st Berkelcy, the doer  terom to |4 Mev ond sighe purticies
mum xcores befors 10 32 Mev.
ar Among fam were this fome. Lowvenss's cyclowron
such (amiliar ones ss carbos-14, io- ‘”‘,‘l‘ y showed char
dine-131, won-99, a4 Wybrogn-3  iice which wers w have & big -
(triciom). puct o the worid of sisnss. B W
1 dized his cych wis  the prosetype of fhe big leborstory—
mors fhas st seother instrvment of of sereh ou ths grand scole—aow
physics romarch, sad be sctively pro- omudoted the world ever. & wne luter-
moted the we of the mackiat s0d s ducighusry —ofion stiontisls in sev-
produces among other scientiets. He arvd eids hed o poot thelr il o
sont the frst rescarch quintity of 2 4o s esperiment. Lawrence had suc-
radicksotope, preduced n 1934, o sosiuBy mesrvied engiosuring to wct-
George ds Hevesy, fa Copenteges, ones, 0 reste 5 Rew aceelersor
for the hosor of dolng the ot wassr  tochmslegy The fisld of muciesr
aady with = wtfichd redivieciops hominyy ‘o ths United Bistes was
Sors 1 the dhadow of the cyclotron,

¥

ics, chemisiry, Mology. medicine sod
engineering. Visitors and students 8t
Berkeley had taken cyciotron know-
how and blueprints to institutions
scross the country and to other ns-
tions, (o begin new and productive
prognms of nuclear renearch  snd
training. The size and cost of rescarch
had ballooned boyond previous sca-
demic tesearch, Today it may aeem
amusing that the twdget of the Lab-
oratory in 1940 was $66.000 and that
the staff consisted of 34 people. Yet
this was an unhesrd-ol opsration in
fund | physics h peior to
that time.

Under Lawrence's exuberant guid-
ance, the Radiation Laborstory came
1o the fore as “tbe foremost American
school of investigators of nuclesr
tranamutation and artificial redicectlv-
ity.” in the words of the Bricish physi-
cint, Wiltred B. Mann. Dr. Mana re-
called the favor of the goiden early

sory was too distinguished to do his
share of the routine work if be wished
to use the cyclotron . . .

formance of the Berkeley cyclotrons.
But to know Ernest Lawrence is to
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woonowi sts that the Berbeley avclo-
dons vy such incredible results. §n
the tace of such irrepressible enthu-
sty and such e de vivre, dith-
culies hardhy sand 2 chance. and
faved oo Py s deep innate sense of
physics they merely stand 10 fall. And
W oirvng (o appreciate that irresistable
drive in the Laboratory one cannot
hut recalt the hoisterous enthusiasm
ot lawrence away from work. He
nught return from a ski (rip with an
ingred arm or he hobbling around
the lahoratory with a stick for some
Jdass after. but s0 soon as the oppor-
wnns returned be would Launch him-
sl as jovoush as before ower the
brink of some snow<clad slope. One
also recalls wikdly happy dovs (equally
unreal and like some far-off pleasanmt
‘dream’) oo wome Pacific beach or w0
his motor<ruiser oa Sas Frascisco
Bav. "Ermest carries 3 chart in e
hoat.” one of his friends smd, ‘w0 chae

o

ment. techaicium, amd Liter co-discov-
wrer of the antiproton. Thete was the
versatile Luis Alvarez. discoverer of
tntium and helium-3; Dr. joseph G.
Hamilton, pioneer of  radivisotope
tracer studies in man and the use of
radiiandine in chugnomic and therapy;
the late Samuel Rubin and Martin
Kamen, discoverers of carbon-14 and
onginators of tracer studies in photo-
wnthesis. using carbon-11. Dr. John
1 awrence remained, initiating therapy
with radioisotopes {phosphorus-32 for
feukemia and polycythemia) and
founding the Donner Laboratory.
Lawrence's last major pre-war sci-
entific undertaking was the i

-

1930 a0 Charter Hill oserlooking the
vampus.

Meanwhile war began and to many
it scemed only a matier of time until
the United States would be involved
tamrence helped organize the radar
progect at MLLT., inducing McMillan
and Alvarez to work st Cambridge
beginning in the fall of 1940. He
plaved a similar role in establishing
the sonar develor for isub
marine warfare st San Diego. starting
in 1941,

lLawtence was not initially a mem-
ber of the inner councils of the atomic
bomb project, but by earty 1941 be
and a few other scientists became
alarmed by the sow pace of the

work., “The central figure
in the growing discontemt was Emest
O. Lawrence,” wrote Richard G. Hew-
fett and Oscar E. Andervoe, Jr., in
“The New World, 1939/46™—the frst
volume of the official history of the
U. S Atomic Energy C ingh

$1250000 from dhe Rockefeller
Fouadstion sed fusds from other
sowrces, bringing total to $1,500,-

P pasmewm) wné e Wels

111821

“The i of the cyck

found himsell pressed to do some-
thing . . . By March, 1941, Lawyence
was ready 10 ask questioos, evea if
it meant going out of channels. But
bis concern was not strictly a political
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many-sided man was a physicist. His
involvement stemmed  directy froms
achievements in his laboratory.”
Lawrence hammered at  several
themes: the lack of a concept of how
1o arrive at an actual weapon; the
seceming  preoccupation  with  power
rather than a bomb; the small scale
of the project; and, above sll. exces-
sive concern with technical difficulties.
Lawrence, the boyhood tinkerer, the
generstor of “impossible™ cyclotron

~

as an alternative to U235, in a
weapon. This route ta & weapon was
followed with Fermi leading reactor
development and 1.os Alamos design-
ing the weapon. Lawrence kept his
60-inch cycl working d the
clock to supply plutonium to micro-
hemists on the plutonium project.

There had never been a national policy
of general support of basic research.
Lawrence shared the feeling that the
national welfare required federal fi-
nancing of science. Morcover, he had
a fot 1o offer—ibe 37-inch and 60-
inch cyclotrons and the |84-inch mag-
net; and the Donner Laboratory for

Meanwhile, Lawrence d
mainly on the technical problem of
separating U-235 from natural ura-
nium. He became convinced that the
mass spectrograph method of Alfred
O. Nier, at Minnesota, could be scaled
up to industrial proportions. In No-
vember, 1941, he and his colleagues,
joined by Nier, converted the 37-inch

biological and medical research, which
had been completed just prior to the
war. And his young men, scattered to
the winds, were eager to return and
resume their research.

Although the support of basic re-
search was not within the specific
province of the Manhattan District,
Lawrence persusded General Leslie R.
Groves to provide funds for the Berke-
ley Laboratory. Groves authorized
refurbishing the 184-inch magnet as
a cyclotron, construction of an elec-
tron synchrotron under McMillan and
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Jop of a proton linear accel-
erator under Alvarez.
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topes was discovered with the 184
inch cyclotron. Dr. John Lawrence
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seloped the higunl hvdrogen bubhbie
cvhamber and linked it o wnnu-me-
nuibiy wanning and |l\(‘.|\\lflﬂﬂ na-
vhines and compaters, the revalution
pcked up steam with a proliferation
of new patticles.

Toduy, the epirit of Lawrence stil)
deives the Laboratory on. The old
urge 1o the new horizons offered by
higher energy is expressed in an in-
tenive Berkeley design study of an
accelerator of 200 billion electron
volts—a range about 7 times higher
than cxisting machines. The design
study will be presented for govern.
ment consideration this fall. 1f ap-
proved, the accelerator will be a sep-
arate national facility, the location of
which is not yet determined.

In the resurgence of basic science
in his lahoratory, Lawrence moved
joyfully. reveling in the accomplish-
ments of his colleagues. He seldom
ook part in “bench work™ in the post-
war period. But the tall figure, the
houncing shock of hair, the half-
running stride, and the Intense, pur-
poseful demeanor were familiar to the
Laboratory staffs at both Berkeley and
Livermore. He act aside a part of his
time simply to go from one part of
the compiex to another, talking
with his colleagues, questioning, offer-
ing help. Even in his mid-fifties the
old habits prevailed; he might pop up
any place at midnight 1o see how an
experiment was going.

All through the years Lawrence's
zest for life outside the faboratory re-

ined impaired by his i
work schedule. In 1932 he had re-
turned to New Haven to court and
marry Mary Blumer—"Molly.” In a
roomy, comfortable home in the
Berkeley Hills, overlooking San Fran-
cisco Bay, he spent as much time as
he could with Molly and a growing
brood that ultimately included two
boys and four girls. After the war he
bought a summer home on the beach
at Balbos Isiand, in Southern Cali-
fornia, where he joined his family for
brief visits during the summer vaca-
tion months.

His friendships and activities were
diverse. Alfred Loomis and the late
H. Rowan Gaither, who became Presi-
dent of the Ford Foundation, were
among his intimates. For a time his
favorite tennis partnér was “Awful
Fresh™ McFarlane, a candy manufac-
turer in Berkeley with an imaginative
fair for advertising. He was fond of
the good fellowship of the Bohcmian

1111823

Ciith of Nan Framosce. and ovcaaon.
alts pwned his hrother. Sohn, in Juck
shooting in the San Joaguin Valley
He enpwed a cacktail or highhall on
wwial occasions At one point in the
1980y he secretly took flying lessons,
much 1o the horror of his wife and
fricnds when he was found out.

fawrence's last major undertaking
wus a search for peace. He had been
a4 consistent advocate of improving
weapons technalogy in the face of
threatening encmies. hoping that nu-
clear deteerence would "make war im-
possible.”  Arthur Compton recalied
that Lawrence was the Iast among s
wartime scientific panel to give up the
idea of a nuclear demonstration as an
alternative 10 the bombing of Japanese
cities.

When President Eisenhower asked
him in 1958 10 become a member of
a three-man committee of experts to
initiate the negotistions at Geneva
with the Soviet Union on the possible

pension of | p tests,
Lawrence accepted out of & deep sense
of duty. The scientist was i), snd had
been since 1952, with what ultimately
was diagnosed as ulcerative colitis.

He had tried to slow down. He
went to Florida for a rest before
Christmas, 1952, His old friend, Al-
fred Loomis, had induced him to take
up painting 10 occupy him while be

o~

relarcu, amd he turned out 4 rumber
of creditable landsapes. In 1953 he
toek 2 MONLA'S «ca VOVARE OB a iper
tanker to the Middie Fast. His otase
in Balhoa 1sland were more frequent
aml longer.

Aut the achicvement af sceenuy wat
difficuit. It was pot lawrence's kind
of work. He could mot ewape the
deep sense of obligation, the vision of
important things to be done, and the
conxience that impelled him to be-
come involved.

The toll of the years of intense in.
volvement under high pressure and
of unrelenting physical punishment
were finally too much for Lawrence’s
ailing body. An acute attack of colitis
overtook him in the midst of the in-
itial Geneva negotintions, in July,
1958, and he was forced to return to
Berkeley. After & radical operation
on August 27, 1958 in a nearby Palo
Alto hospital, he falled to recover
consciousness, and died that evening
with his wife at his bedside.

Soon after his death, The Regents
of the University renamed the labora-
tory "The Ernest Orlando Lawrence
Radistion Laboratoey.” They also
undertook 1o establish a “Lawrence
Hall of Science,” overlooking the lab-
oratory, for the improvement of acl-
ence teaching for youngsters. It is
now being built under the direction of

$0-4ach cycletren in 1938, Leh 1o right ond top
Howi! .
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y with mogaet of unfinithed
to bottam: A. $. Lengsdori, 5. ). Simmons, J. G.
5 , W. M. Brobeck, k. Cornog, R R. Wikon, £ Vies, J. ).
. Mann, P. C. Acbersold, £, M. McMillan, E. M. Lyman, M. O. Kamen,
Lawrence, R. Serber, F. N. D. Kurle, R 1. Birge, £ O. low-

Akvorer, P. H. Abehon.
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Dr. Harvey E. White, Berkele, .. aysi-
cist and .clase friend of Lawrence.
Lawrence's premature desth occs-
sioned an outpouring of grief and 2
groping {or superiatives that might
ukqunteiy dexcride the fnllea glant.
Bisenh

shock, saying the "lou is u tragic one
for the United States and for the en-
tire free world.” Nobel Laureats 1. 1,

Raby paid tribute 10 the impact of .
personality on world science and said
1hat his introduction of research on s
grand scaie “marked a tuming point
in the hivory of experimental phys
ics.” Seaborg cited the dedt he and
scores of others owed Lawrence for
the research opportunitics be created
for them.

Others recalled a sentence from the

cutation of the Research Corpocation’s
Scientific Award of 19)7. one which
could not be impeoved upon in 1938
“His achevements stand  with the
grest works of the ager.” And N
saddened personal physician, Dr. Al
bert Snell. mused: “He did as mwbd

work in Nis lifetime ss fBve ondinary
men. It might de said he put in 200
man-years of life.”



