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In his  relatively short  life of fifty-seven years ,  Ernest  Orlando 

Lawrence accomplished more  than one might believe possible in a life 

twice a s  long. .The important ingredients of his success were native 

ingenuity and basic good judgment in  science, great  stamina, an en- '  

thusiastic and outgoing personality, and a sense  of integrity that was 

overwhelming, 

Many ar t ic les  on the life and accomplishments of Ernest  
, 

Lawrence have been published, and George Herbert  Childs has written 

a book-length biography. This biographical memoir ,  however, has 

not made use of any sources  other than the author1 s memory of 

Ernes t  Lawrence and of things learned f rom him. A more  balanced 

picture will emerge  when Herbert  Childs I .  biography is  pub- 

lished; this sketch simply shows how Ernes t  Lawrence looked to one 

of his many friends. 

Lawrence was born in  Canton, South Dakota, wherz his father 

was superintendent of schools. As a boy, Lawrence' s constant com- 

pailion was Merle Tuve, who went on to establish a reputation for 

scientific ingenuity and daring, much like that of his boyhood chum. 

Together, Lawrence and Tuve built and flew gliders,  and they col- 

laborated in  the construction of a very  ear ly  short-wave radio t rans-  



mittin,a station. This experience can be seen reflected in their later  

work--Lawrence was the f i r s t  man3to accelerate particles to high 

energy by the application of short-wave radio techniques, and Tuve, 

with Breit ,  was the f i r s t  to reflect short-wave radio pulses f rom the 

ionosphere, a technique that led directly to the development of radar.  

In the ear ly  thir t ies ,  Lawrence and Tuve were leaders of two energetic 

t eams  of nuclear physicists. Lawrence with his cyclotron, and Tuve 

1 

with his electrostatic accelera tor ,  carr ied  the friendly r ivalry of 

their  boyhood days into the formative stages of American nuclear 

physics, and all .nuclear physicists have benefited greatly f rom it. 

Lawrence began his college work a t  St. Olaf' s in Northfield, 

Minnesota, and then went back to the University of South Dakota for 

his B. S. degree. He worked his way through college by selling 

kitchenware to f a rmer s '  wives in the surrounding counties. Very few 

of the scientific colleagues who admired his effectiveness in selling new 

scientific projects to foundation presidents and government agencies 

knew that he had served an apprenticeship in  practical salesmanship, 
\ 

many years before. And indeed, i t  would be quite wrong to  attribute 

his la ter  successes in this field to any ear ly  training - -  i t  was always 
\ 

obvious that he convinced his l i s teners  by an infectious enthusiasm, 

born of a s incere belief that his ideas were sound and should be sup- 

ported in the best interests  of science and of the country. 

Althongh Lawrence started his college ca r ee r  a s  a premedical 

student, he switched to physics under the guidance of the talented 

teacher  one so  often finds in the background of a famous scientis t '  s 

I ca ree r .  In Lawrence' s case,  this role was played by Dean Lewis E. 



Akeley, who tutored him privately and sent him on to the University of ' 

~Minnesota a s  a graduate student. On the wall of Lawrencer j. office, 

Dean Alieleyl s p i i t w e  always had the place of honor in a gallery that 

included photographs of Lawrence 's  scientific heroes:  Arthur Compton, 

Niels Bohr, and Ernes t  Rutherford. 

At Minnesota, Lawrence came under the influence of Professor 

W. F. G. Swann, and when Swann moved to Chicago and then went on to 

Yale, Lawrence moved both times with him. Lawrence received his 

Ph. D. degree a t  Yale, in 1925, and remained there three years more,  

f i r s t  a s  a ~ a t i o n a l # ~ e s e a r c h  Fellow, and finally as  an assistant 

professor.  F r o m  this period of his formal  training in physics, very 

little remained on the surface in his la ter  years.  To most of his col- 

leagues, Lawrence appeared to have almost an  aversion to mathe- 

matical thought. He had a most unusual intuitive approach to involved 

physical problems, and when explaining new ideas to him, one quickly 

learned not to  befog the issue by writing down the differential equation 

that might appear to  clarify the situation. Lawrence would say some - 
thing to the effect that he didn' t  want to be bothered by the mathe- 

I 

matical details, but "explain the physics of the problem to me. I '  One 

could live close to  him for years ,  and think of him as  being almost 
I 

mathematically i l l i terate,  but then be broxght up sharply to see  how 
"8 

completely he retained his skill  in the mathematics of classical  elec- 

t r ici ty and magnetism. This was one of the few heritages he brought 
u 

f rom his apprenticeship with W. F. G. Swann and the physics depart - 
ments of the 1920's.  Almost everything that Lawrence did - -  and 

more  particularly, the way he did i t  -- came f rom himself, not from 

his teachers.  



In 1928 Lawrence left  Yale for Serkeley, where, two years 

la ter  at  the age of 29,  he became the youngest full professor on the 

3erkeley faculty. It i s  difficult for one starting on a scientific ca ree r  

today to appreciate the courage i t  took for  him to leave the security of 

a r i ch  and distinguished university and move into what was, but coctrast ,  

a smal l  and only recently awakened physics department. In later  life, 

when he needed to  r ea s su re  himself that his judgment was good even 

though i t  disagreed with the opinions of most of his friends, he would 

recal l  the universally d i r e  predictions of his Eas tern  friends; they a -  

greed that his future was bright i f  he ~ t a y e d  at  Yale, but that he would 

quickly go to seed in the t'unsc'ientific climate of the West. " 

The predictions of a bright future for  Ernes t  Lawrence were 

solidly based. .His doc to r ' s  thesis was in photoelectricity. Later ,  he 

made the most  precise determination, to that t ime, of the ionization 

potential of the mercu ry  atom. In his characteristically candid manner, 

he often depreciated this highly regarded measurement. He had a p re -  

'conceived I1correct value" of the ionization potential in  mind, and he 

would say in a contrite manner that .he looked for  possible e r r o r s  of the 

cor rec t  sign and magnitude to make his preconception come true.  Every 

scientist  has fought this battle with himself, but few have used them- 

selves a s  an example t o  impress  their students with the necessity of 

absolute honesty in scientific inquiry. Lawrence 's  value for the ioni- 

zation potential has stood the tes t  of t ime,  but he always shrugged i t  - 

off by saying he was lucky; if he had looked hard for e r r o r s  of the 

opposite sign, he would have found them, too. After this early experi- 

ence with looseness in science, Lawrence formed the habit of critically 



examining any scientific resul t ,  regardless of i t s  origin. E e  applied the 

s ame  rigid standards of cr i t ic ism to his own work, to that of his associ-  

a t es ,  and to  the reports  f rom other laboratories.  Visitors sometimes 

formed an ear ly  impression that Lawrence was overly cr i t ical  of the ek- 

perimental  resul ts  of others ,  but they soon found he encouraged his 

juniors to  cr i t icize his own work with equal vigor. He believed that a 

scientific community that did not encourage i t s  members to cr i t icize 

each o t h e r ' s  fi'ndings in an open manner would quickly degenerate into 

an association of dilettantes. Scientific cr i t ic ism was with him an im-  

personal  reaction; he gave i t  o r  received i t  without any feelings of 

hostility. He did, however, r e se rve  a bit of scorn  for  some members  

of the profession who, in his opinion, drew unwarranted conclusions 

f rom each  bump and wiggle" of a curve obtained with poor counting 

stat is t ics .  

Lawrence ' s  name i s  so  closely associated with the field of nuclear 

physics in the minds of most physicists today that i t  often comes a s  a 

su rpr i se  to  them to find that he had a distinguished ca ree r  in other 

branches of pbysics before he invented the cyclotron. After he moved 

to California, he continued his work in  photoelectricity, and together 

with his students published a number of papers  in this field. It i s  dif- 

ficult for  one not intimately famil iar  with a particular a r ea  of physics 

to appra ise  the value of another '  s work in that area.  But one can gain 

some idea of the es teem in  which the work was held by examining the 

l i te ra ture  of the period, and seeing how often the work was re fe r red  to 

, by the exp'erimenter' s peers.  Fortunately for this purpose, an authorita- 

tive t r ea t i se  on photoelectricity was published shortly aAer Lawrence 



left the field to concentrate his efforts on the cyclotron. Hughes and 

DuSridge' s Photoelectric Phenomena appeared in 1932, and it contains 

a biographical index of about 700 names. A quick examination of the 
n 

llmulti-lined entr ies" shows that only twelve of the 700 experimenters 

were  re fe r red  to 'more often than Ernes t  Lawrence. =s contributions 

were re fe r red  to in a l l  eight of the chap te r s tha t  dealt with non-solid- 

s ta te  photoelectricity, which i s  a measure  of Lawrencef s breadth of 

c'overage of the field in the few years  he devoted to it. 

One of the references  in Hughes and DuBridge's book i s  to 

Lawrence ' s  investigation of possible t ime lags in the photoelectric 

effect. He published severa l  papers in  the field of ul trashort- t ime- 

interval  measurement while he was at Yale, and i n  this work he was 

closely associated with J e s se  Beams, who i s  now Professor  of Physics 

a t  the University of Virginia. Beams was a pioneer in the use  of the 
I 

Kerr  electrooptical effect a s  a light shutter capable of opening in times 

of the  o rder  of 1 0 - ~  second. He and his students investigated t ime lags 

in the Faraday (magnetic rotation) effect, and he has devoted a major  

portion of his distinguished scientific c a r ee r  to the study of shor t  t imes,  

high accelerations, and other related phenomena. Lawrence and Beams 

showed that photoelectrons appeared within Z X ~ O - ~  second after  light hit 

the photoelectric surface. Although these measurements were made 

more  than thirty-five years  ago, they a r e  modern in  every other sense 

of the word. Only in the l a s t  few years  has the measurement of t ime in- 

te rvals  0 ' f j . 0 - ~  second come into routine use  in the laboratory.   his 
' 

renaissance i s  a d i rec t  resul t  o f t h e  expenditure o f v a s t  sums of money 

on the development of photomultiplier tubes, wideband amplif iers ,  



high-speed oscilloscopes, and a host of auxiliary equipment, such as  

coaxial cables and shielded connectors--none of which was available to 

Beams and Lawrence. 

In this period, Lawrence and Beams performed their well-laown 

experiment of "chopping up a photon. I f  The uncertainty principle states 

that the energy of a sys tem cannot be determined more  accurately than 

about h/&, where h i s  Planckt  s constant and At i s  the t ime available 

for  the measurement.  A narrow line in the optical spectrum i s  a system, 
- 

with a ve ry  smal l  energy spread;  each light quantum, or  photon, has the 

s ame  energy to within an uncertainty AE. Lawrence and Beams showed 

that if they decreased the t ime available for the energy measurement 

(by turning the light on and off again in a smal l  t ime At), the width of the 

spec t ra l  line increased a s  predicted by the uncertainty principle. It i s  

not generally known that Lawrence played an important part  in the evolu- 

t ion of the high-speed rotating top which Beams la ter  developed so  

beautifully. But the bibliographies of Beams a n d  Lawrence show that 

the f i r s t  reference to the high-speed rotor  i s  in an abstract  by Lawrence, 

Beams,  and Garman, dated 1928. 

As a resul t  of the i r  scientific collaboration, Lawrence and Seams  

became very  close personal  friends. They took one summer  away f rom 

thei r  work, and toured Europe together. Lawrence often r e f e r r ed  

nostalgically to that period in his life, when he could travel  and see  the 

sights without the responsibilities of the speeches and receptions which 

marked  his later  tours  in foreign lands. 

Shortly before Lawrence left Yale, he had an experience that i s  

known to only a few of his close associates ,  but which was most  



i*mportant in his development a s  a scientist. At that tim-e, television 

was considered to  be a rather  impractical dream,  because the basic 

element was the rotating scanning wheel. It was obvious to everyone 

that this mechanical device would limit the development of picture quality 

by restr ict ing the number of "picture lines" to less than 100. Lawrence 's  

esperience with photoelectricity and the newly developing cathode - ray  

tube led him to believe that he could make an all-electronic television 

sys tem without rotating wheels .- He quickly put together a rudimentary 

electronic television system, and being quite su re  that he was not only 

the f i r s t  to  have the idea, but also the f i r s t  to "reduce i t  to practice,I1 

he contacted a friend a t  -the Se l l  Telephone Laboratories. After hearing 

Lawrence say that he had an.important new idea in the field of television, 

his friend invited him down to  the Bell Laboratories to  talk about it. The 

friend took him through what ~ a w r e n c e  l a te r  described as  a "whole floorI1 

full of electronic television apparatus, with excellent pictures on cathode- 

ray  tubes that were beyond anything he had imagined might exist. After 

dreams of the financial reward his invention would bring him, i t  was a 

r ea l  shock for him to s ee  how fa r  ahead a good industrial laboratory 

could be in a field that was important to it. He resolved then and there 

to  concentrate on the things that he knew most  about, and not to dilute 

his effort by competing in  the commercial  a rea .  He kept f i r m l i  to this 
t 

resolve until the las t  decade of his life, when he had received a l l  the 

honors that were available in the scientific world. He then turned some .. 

of his creative ability t o  the problem of color television, a field 

he contributed many new ideas. Paramount Pictures supported 

tensive development of the "Lawrence tube, o r  llChromatron. 

in which 

an ex-  

In the 



l a s t  few yea r s  of his l i fe ,  Lawrence was i ssued  dozens of patents on 

h is  inventions in the field of color television. 

Since i t  has  only recent ly been considered ~ l r e spec tab lc - i~  for z 

scient is t  to  hold patents,  i t  i s  worth reviewing Ernes t  Lawrence ' s attitude 

toward patents,  ahd the financial rewards  f r o m  inventions. The cyclotron 

and the other Lawrence inventions of the prewar e r a  were patented in 

Lawrence '  s name,  and assigned by him to  the Resea rch  Corporation. No 

royal t ies  were  eve r  asked  by the Resea rch  Corporation, and Lawrence 

encouraged and helped scient is ts  throughout the world to  build cyclotrons. 

Lawrence was legally the inventor of the Calutron isotope separa tor ,  

but he assigned the patent to  the government for  the nominal one dollar. 

Some of his colleagues in the atomic bomb project  were  awarded la rge  

sums  of money by the government for the infringement of the i r  patents, 

but Lawrence never  allowed his name to be used  in any litigation, and 

therefore  received no compensation fo r  his  wart ime inventive efforts 

beyond his n o r m a l  sa la ry . .  Although he great ly  enjoyed the luxuries 

that came with wealth, and encouraged o thers  to  follow his example of 

inventing for  profit  i n  per iphera l  a r e a s ,  he felt  that it was unwise to  

fos t e r  the patenting of scientific discoveries  o r  developments for  personal  

profit.  One of his g rea te s t  accomplishments was the encouragement of 

scientific colleagues t o  work cl-osely together in an a tmosphere  of complete 

f reedom for  exchanging ideas. (As an ex t reme  example of the p re -  

Lawrence method, one can r eca l l  th2.t Roentgen spent s e v e r a l  weeks in  

a detailed study of the propert ies  of x r ays  before he told the men  in  

the adjacent r e s e a r c h  rooms of his discovery. ) Lawrence was 



acutely aware  of the change he had wrought in the methods of doing 

physics ,  and was wor r i ed  that patent consciousness might t u r n  back 

the pages of progress .  As he expressed  it, a man would be ve ry  c a r e -  

ful how he talked over his new ideas if the person  to  whom he was talking 

might enlarge on them and subsequently make a fortune f rom s patent. 

While a t  New Haven, Lawrence was a frequent vis i tor  in the 

home of Dr. George Blumer ,  Dean of the Yale Medical School. It was 

s o m  obvious that he par t icu lar ly  enjoyed the company of the eldest  of 

the four  Blumer g i r l s ,  s ixteen-year-old Mary; o r  Molly. a s  she i s  known 

t o  all h e r  friends. '  They were  engaged i n  1931; he re turned  to  New 

Haven the next yea r  and brought h e r  a s  his br ide to  l ive in  Serke ley ,  

Two y e a r s  l a t e r  E r i c ,  the f i r s t  of the s i x  Lawrence children, was born;  

he was followed by Margare t ,  Mary, Robert ,  Ba rba ra ,  and Susan. With 

E r n e s t  and the children, Molly Lawrence c rea ted  a home that  was ' famous 

throughout the world of physics fo r  i t s  warmth  and hospitality. Ln it, 

they enter tained the s teady parade  of v i s i to r s  t o  the Radiation Laboratory. 

In 1941, Molly' s s i s t e r  E l s i e  became the wife .of Edwin McMillan, the 

p resen t  d i rec tor  of the Laboratory. Completing the family group in  

Berke ley  were  E r n e s t '  s parents ,  who se t t led  t h e r e  when the e lder  Dr. 

Lawrence r e t i r e d  f r o m  his  distinguished c a r e e r  in education, and 

E r n e s t ' s  bro ther ,  John, whose pioneering ro le  in the medica l  aspec ts  , 

a 

of radiation is mentioned l a t e r  i n  this memoir .  Surely one of E r n e s t  

Lawrence '  s g rea te s t  satisfactions must  have come f r o m  the knowledge ., 

that his  mothe r '  s l ife had been saved by radiat ion therapy, using the 

one -million-volt I1Sloan- Lawrence1'  x- ray .  machine a t  the University of 

California Medical School. After Mrs.  Lawrence had been told by many 



distinguished specialists that she had an inoperable tumor, she was 

treated,  more  or  l e s s  in desperation, with the novel resonance trans -, 

former  device which Lawrence and his co-workers ,  in the incredibly 

busy days of the ear ly  19301s ,  had installed in  the San Francisco 

Hospital. At the t ime of her s o n ' s  death, she was stil l  living in  

Serkeley,  twenty-one years  af ter  Dr. Robert Stone treated her  with 

the only million-volt x rays  then available in  the world. 

In the period when Ernes t  Lawrence was moving f rom New 

Haven to Berkeley, physicists were excited by the news of the nuclear 

transformations being achieved in Lord Rutherford'  s Cavendish 

Laboratory, a t  Cambridge, England. It was generally recognized that 

an important segment of the future of physics lay in  the, study of nu- 

c lear  reactions, but the tedious nature of Rutherford 's  technique (using 

the alpha particles f r om radium) repelled most  prospective nuclear 

physicists. Simple calculations showed that one microampere of elec - 

t r ical ly accelerated light nuclei would be more  valuable than the world' s 

total supply of radium- -if the nuclear part icles  had energies in the 

neighborhood of a million electron volts. As a resul t  of such calcu- 

lations, severa l  teams of physicists set  about to produce beams of 
' 

Mmillion-volt particles." Cockcroft and Walton a t  the Cavendish 

Laboratory used a cascade rect if ier  plus a s imple acceleration tube, 

and although they never reached their initial  goal of a million volts, 

they found that nuclear reactions took place copiously at a few hundred 

kilo electron volts. 

Lawrence had spent enough time in  the study of spark  dis-  

charges with the Kerr  electrooptical shutter to  develop a very healthy 



respect  fo r  the spark-breakdown mechanism a s  a voltage l imiter .  He 

followed the early work of Van de Graaff, whose electrostatic generator 

made spectacular high-voltage sparks ,  and the work of Brasch and 

Lange, who attempted t o  harness  lightning discharges to the acceleration 

of charged particles.  Although he wanted to "get into the nuclear busi- 

ness ,  I t  the avenues then available didn ' t  appeal to him, because they 

L 

a l l  involved high voltages and spark  breakdown. 

In his early bachelor days a t  Berkeley, Lawrence spent many of 

his evenings in the l ibrary ,  reading widely, both professionally and for  

recreat ion.  Although he had passed his French and German r equ i r e - .  

mants f o r  the doc to r ' s  degree  by the s l immest  of margins ,  and con- 

sequently had almost  no facili ty with ei ther  language, he faithfully 

leafed through the back i s  sues of the foreign periodicals,  night af ter  

night. On one memorable occasion, while browsing through a journal 

seldo-m consulted by physicists,  "Arkiv fiir Electroteknik, I t  he came - 

ac ro s s  an  ar t ic le  by R. Widerge entitled, "ijber ein neues Prinzip zur  

Herstellung hoher Spannungen. Lawrence was excited by the easily 

understood t i t le ,  and immediately looked a t  the il lustrations. One 

showed the ,arrangement Widerije had employed to  accelerate potassium 

ions to 50,000 electron volts ,  using a double acceleration f rom ground 

to ground, through a "drift tubet1  attached to a radio-frequency source 

of 25,000 volts. Lawrence immediately sensed the importance of the 

idea,  and decided to t r y  the obvious extension of the idea t o  many ac -  

celerat ions through drift  tubes attached alternately to two rndio-fre-  

quency "bus bars .  I t  Since he could do his own thinking fas te r  than he 

could t rans la te  Widerije's c lass ic  paper,  Lawrence had the pleasure of 



i d e p e n d e n t l y  a r r iv ing  a t  many of Widerije s conclusions. i t  s t ruck  

him a lmost  immediately that one might "wind up t t  a l inear  acce lera tor  

into a s p i r a l  acce le ra to r  by putting i t  in  a magnetic field. He was p re -  

pa red  to  a r r a n g e  the magnet ic  field to v a r y  in some  manner  with the 

rad ius ,  in o r d e r  that the t ime  of revolution of an ion would r emain  con- 

s tant  a s  i t s  orb i t  i nc reased  in  radius.  A simple calculation, on the spot, 

showed that no  r ad ia l  var iat ion of the magnetic field was needed-- '  ions 

in  a constant magnet ic  field circulate  with constant frequency, r e -  

gard less  of the i r  energy. 

One of m y  mos t  cher i shed  memor ies  i s  of a Sunday afternoon 

i n  the ~ a w r e n c e  living room,  about fifteen yea r s  ago. Young E r i c  

came  in  to t e l l  his fa ther  that his high school physics teacher  

had assigned h im the responsibil i ty of explaining the cyclotron to his 

c l a s s .  His fa ther  produced a pad of paper and a pencil, and while I 

pretended to  r ead  a magazine,  but l istened with one e a r ,  he explained 

the cyclotron to  his e ldes t  son. ~ e '  told how when the par t ic les  were '  

going slowly, they went around i n  l i t t le  c i r c l e s ,  and whenethey were 

going f a s t e r ,  the magnet  couldn ' t  bend them s o  easi ly ,  s o  they went 

in bigger c i r c l e s ,  and had f a r the r  to  go. The interest ing thing was 

that  the slow ions i n  the l i t t l e  c i r c l e s  took the s a m e  t ime  to go around 

as the fas t  ions in the big c i r c l c s ,  s o  one could push and pull on a l l  of 

t hem a t  the s a m e  r a t e ,  and speed them a l l  up. E r i c  thought about this 

fo r  a shor t  while, looked .at his fa ther  with admirat ion,  and sa id ,  ItGee, 

Daddy, tha t1  s neat! ' I  I' ve  always thought that the Nobel Committee 

m u s t  have had something of that feeling when they voted the pr ize  to  

Ernes t  Lawrence, i n  l 9 3 9 .  



According to Lawrence, an ion with a charge-to-mass rat io of' 

e/m will circulate in a magnetic field H, at  an angular velocity a, given 

here  f i s  the rotational frequency of the ion, in cycles per second, 

and c i s  the velocity of light. If an  ion i s  to  be accelerated as i t  
1 

circulates in a magnetic field, one must impose on i t  an alternating 

e lec t r ic  field of the same frequency. If there  was any element of 

"luck" in Lawrence1 s c a r ee r ,  it was the ready availability in the 1930' s 

of electronic components appropriate to the frequency range of about , 
I 

10 megacycles. This i s  the frequency one obtains by substituting into . 1 

the cyclotron equation the e /m .value for  the hydrogen molecular ion 

(or the soon-to-be-discovered deuteron) together with the magnetic 

field strength that i s  most  easily obtained with an  iron-cored electro-  

magnet. Had the calculated frequency turned out to be 4000 t imes a s  

great  (as i t  i s  for the electron),  cyclotrons would probably not have 
I 

appeared on the scene until World War I1 had fathered the necessary  

microwave oscillators.  I originally wrote the las t  sentence without the 

qualifying word 'Iprobably, but inserted it af ter  recalling the many 

other technical innovations created by Lawrence in his drive to make 

. the cyclotron a reality. He and his co-workers,  M. Stanley Livingston 
* 

and David Sloan, found i t  necessary  to develop and build their own 

vacuum pumps and high-power oscillator tubes, because none with the 

required capacity was commercially available at  a price they could pay. 

They were  soon using the larges t  high-vacuum pumps in the world, the 

highest-power radio oscillators ever seen, and the larges'i magnet then 



in operation. Had 

would probably hay 

they needed high-power microwave osci l la tors ,  they 

1s C O -  ~e invented and built t hem,  just a s  Hansen and h: 

worker s  did a decade l a t e r  a t  Stanford. 

Lawrence i s  bes t  known for  his application of the cyclotron equa- 

t ion to  nuclear  physics ,  but he a l so  used the equation to  help devise the 

mos t  accura te  method of measur ing  the specific charge,  e /m,  of the 

electron.  .The method was employed by Frank Dunnington, one of 

Lawrence '  s s tudents ,  in  what remained for  many yea r s  the m o s t  prec ise  

measuremen t  of this  important  fundamental constant. 

The f i r s t  demonstrat ion of the cyclotron resonance principle was 

repor ted  a t  the Berkeley meet ing of the National Academy of Sciences, 

in  the Fall of 1930, by E. 0. Lawrence and N. E. Edlefson. Their 

or iginal  appara tus  i s  on permanent exhibit a t  the Lawrence Radiation 

Laboratory,  together with the b r a s s  vacuum chamber of the f i r s t  4-inch- 

d iameter  cyclotron of Lawrence and Livingston, which acce lera ted  hydro - 
gen molecular  ions  t o  an  energy  of 80,000 electron volts. Lawrence and 

Livingston went on at once t o  build an 1l -inch cyclotron, which they hoped 

would be the f i r s t  acce le ra to r  to yield Ifar t i f ic ial  disintegration" of light 

nuclei. The device was giving protons with an energy of s e v e r a l  hundred 

keV (which we now know would have been quite adequate fo r  the job) in the 

spr ing  of 1932, but Lawrence and Livingston p r e s s e d  on to the i r  goal of 

! 

1 million e lec t ron  vol ts ,  which appeared t o  be well  within reach.  They 

had no counting equipment in  their  laboratory,  but two f r iends  f rom Yale, 

Donald Cooksey and Franz  Kurie, were  t o  br ing  counters to  Berkeley in  

the s u m m e r  of 1932, t o  help with the observations.  When the vis i tors  

a r r ived ,  they made i t  possible for . the  Berkeley t e a m  to repea t  the now 



famous work of Coclicroft and Walton, who had announced their  d is -  

covery of the dis integrat ion of l i thium by protons in ea r ly  1932. This 

was the f i r s t  of s e v e r a l  i,mportant discoveries  in nuclear  physics that 

could a lmost  a s  well  have been made in' Lawrence ' s laboratory.  But, 

of cour se ,  many labora tor ies  in  the world, including all the acce lera tor  

labora tor ies ,  m i s s e d  these  s a m e  l a t e r  discoveries .  The f i r s t  t t m i s s "  

a t  Berkeley-  -the disintegration of lithium--involved the s a m e  mis take  

Cockcroft and Walton had a l so  made e a r l i e r ;  neither group had looked 

a t  the  lower energies  we now know were  sufficient to  have done the job. 

The successfu l  Berkeley experiment  was planned for  the s u m m e r  of 

1932 when counting equipment would be available,  and i t  was c a r r i e d  

off on schedule. Cockcroft  and Walton s imply got the i r  experiment  

done f i r s t .  

ESut for  those who became physicists a f te r  World War I1 and who 

m a y  be unacquainted with the pr imit ive world of the ea r ly  acce le ra to r  

laboratory, ,  a few words .will provide an  understanding of how Lawrence . 

and his co-workers  m i s s e d  ar t i f ic ia l  radioactivity, and af te r  that ,  the 

discovery that neutrons can  produce ar t i f ic ial  radioactivity. We should 

keep  in mind that the development of the cyclotron, which actually had 

been ridiculed by some  physicis ts  a s  imprac t ica l ,  was a n  ext remely  dif- 

f icult  technological t a sk  that  only a man of Lawrence ' s  dar ing would 
.a 

have undertaken. To make  i t  work requi red  the development of tech-' 

nologies and a r t s  that were  not then known. What s e e m s  s o  easy  today , 
\ 

was won only with sweat and long hours  by Lawrence and his assoc ia tes  

in  the ea r ly  3 0 ' s .  In the e a r l y  y e a r s  most  of the t ime  of the Berkeley 

group was concentrated on developing the cyclotron into the efficient 

tool  that  was subsequently used  with such proficiency i n  many r e s e a r c h  

a r e a s .  



The' 27-inch cyclotron was built with incredible speed in an old. 

wooden building nea r  Le Conte Hall, the home of the Fhysics Depart-  

men t ,  and the bir thplace of the sma l l e r  cyclotrons.  The old wooden 

Radiation Laboratory,  which was finally to rn  down in  1959, was the 

f i r s t  of the modern  nuclear  physics laborator ies-- inst i tutes  ir, which 

esper imenta l i s t s  collaborated on joint pro jec ts ,  o r  worked on the i r  
/ 

own r e s e a r c h  pro jec ts ,  a s  they saw fit. T h e  g rea t  enthusiasm for  

physics with which Ernes t  Lawrence charged the atmosphere of the 

Labora tory  will  always live in the m e m o r y  of those who experienced it. 

The Labora tory  operated around the clock, seven days a week, and those 

who. worked a m e r e  seventy hours  a week were  considered by their  
I 

f r iends  to  be  '!not ve ry  in te res ted  in physics. " The only t ime the Labora- 

t o r y  was r ea l ly  deser ted  was for  two hours  every  Monday night, when 

Lawrence1 s beloved l l Journa l  Club" was meeting. He initiated this 

weekly meet ing when the cyclotron looked a s  though it might become 

useful i n  nuclear  physics;  he and his assoc ia tes  reported to  each  orher 

the l a t e s t  publications in  nuclear  physics ,  s o  they would know what to  do 

when the i r  new tools were  ready. But soon the Jour.na1 Club became a 

fo rum in  which the rapidly growing Laboratory staff discussed the i r  own 

d iscover ies  in  radioactivity and al l ied fields.  

The 27-inch cyclotron- - la te r  converted to a 3'7 -inch pole d ia-  

m e t e r  - -was originally used in studies of a r t i f ic ia l  t ransmutat ions in-  

duced by high-energy protons. Immediately a f te r  the discovery of 

deuter ium by Urey in 1932, P ro fes so r  G. N. Lewis of the Chemistry 

Department supplied thes l abora to ry  with a few drops of heavy water ,  

and Lawrence,  Lewis,  and Livingston observed  the f i r s t  react ions 



induced by deuterons.  The detecting device used in a l l  these ea r ly  

experiments  was a "thin ionization chamber f t  plus a l inear  amplifier.  Cl 

Such a chamber ' responds  to  fas t  atomic ions (protons and a part ic les)  

but not to  the p r a y s  f r o m  radioactive substances;  t o  detect p r ays ,  

one needs a m o r e  sens i t ive  device, for  example,  a Geiger counter.  

Lawrence and his co l labora tors  made s e v e r a l  a t tempts  to  manufacture 

Geiger counters  in the Radiation Laboratory,  but a l l  the i r  counters suf- 

f e red  f r o m  excessively high "background r a t e s .  Today, when Geiger 

counters  a r e  commerc ia l ly  available f r o m  dozens of companies,  i t  is  

difficult to  believe that  Lawrence and his assoc ia tes  could have over-  I 
1 
I 

looked the fact  that the high backgrounds were  the r e su l t  of a general  

high leve l  of radioactivity in  the whole laboratory--ar t i f ic ial  radioactivity, I 

t o  be m o r e  exact!  But i n  those days,  the r a r e  experimental is ts  who 

: 
could make  good Geiger counters  were  looked upon a s  pract i t ioners  of 

-witchcraft;  the i r  l e s s  fortunate fr iends might t r y  for  months without 

hitting the magic formula.  So af te r  s e v e r a l  abortive at tempts  to  make 

useful counters ,  the Berkeley group went back to  the l inear  amplifier 

technique that o thers  cons idered  even m o r e  difficult, but which was 

nonetheless one that they had mas tered .  So i t  was not until the an-  

nouncement in 1934 of the discovery of a r t i f ic ia l  radioactivity by Curie 

and Joliot that, E r n e s t  Lawrence and his assoc ia tes  real ized why they 
9 

couldn' t make a decent Geiger counter;  the i r  whole laboratory was 

radioactive ! , 

The discovery of a r t i f ic ia l  radioactivity had been m i s s e d  by a l l  

the acce lera tor  t eams  then operating throughout the world, s o  the next 

few months saw the d iscovery  of dozens of radioactive species  by m e m -  

b e r s  of the acce lera tor  f raterni ty .  The fact that none of the "machine 



builders" had noticed the phenomenon of a r t i f ic ia l  radioactivity puts 

I. the oversight  by the cyclotron group in  proper  perspective.  It was 

symptomatic  of the gene ra l  unreliabili ty of a l l  detection devices  in 

those days ,  coupled with the g rea t  complexity of the acce lera tors  them- 

se lves ,  r a t h e r  than a deficiency i n  the men  a s  scient is ts .  

It is in te res t ing  to  note that Irene Curie  and F r e d e r i c  Joliot had 

the l a rges t .  sou rce  of "trouble - f r e e t t  polonium in the world. F o r  a 

qua r t e r  of a century,  doc tors  a l l  over the world had taken pleasure in . 

sending the i r  old "radon needles" to  Madame Curie ,  a s  a token of r e -  

spect.  F r o m  many thousands of these  otherwise use less  g lass  tubes,  

s h e  had isolated m o r e  than a cu r i e  of polonium--by f a r  the s t rongest  

sample  of the element  i n  the world. Her daughter and son-in-law put 

this  precious sample t o  good use  in  the i r  nuclear  investigations in the 

e a r l y  1930 ' s .  They used  the i r  polonium to  generate  neutrons,  but they 

didn' t r ea l i ze  what they had done. Chadwick r ead  their  r epor t  and im-  

mediately recognized i t s  significance; a .few days l a t e r ,  he had proved 

that  the neutron existed. . (So Lawrence was in'good company when he 

l e t  two big d iscover ies  go unnoticed in  his Laboratory. ) 

The Curie-Jol iots  used  the i r  unique source  two y e a r s  l a t e r  in 

the discovery of a r t i f ic ia l  radioactivity. The fact that polonium does 

not emi t  p o r  y r a y s  made i t  possible f o r  them to observe the  "induced 

activity" during the t i m e  the a part ic les  were  bombarding the i r  aluminum 

target .  Accelerator  physicis ts  were  denied this  s imple technique, be - 
cause  of the background radiation f r o m  the i r  machines.  Su t  even with 

this  advantage, the Curie  - Joliots a lmost  m i s s e d  the i r  grea t  discovery;  

t h e y  a lmos t  d i smissed  the change in  .counting r a t e  of their  f i r s t  art if icially 



radioactive source a s  being due to the e r r a t i c  behavior of their Geiger 

counter ! It was only af ter  the builder of the counter had insisted for 

severa l  days that his handiwork was relizble that the Curie- Joliots be- 

came conv iked  that the phenomenon of artificial radioactivity really 

' did exist. 

That Lawrence1 s group, and a l l  the other accelerator  teams,  

did not anticipate the work of Fe rmi  and his collatorators in the field 

of neutron-induced radioactivity is  a different s tory,  but again one which 

has an easy  explanation in t e rms  of i t s  setting in time. Calculations of 

' lyieldsll  of nuclear reactions were made every day, and it was painfully 

o b ~ i o u s  that one had to bombard a target  with more  than a million fast 

part icles  in o rder  to observe one nuclear reaction. Everyone ha;d 

thoqght of the possibility of using the high-energy a particles f rom the 

ar t i f icial  disintegration of lithium a s  substitutes for  the slower a particles 

f r om the decay of polonium. Sut  "that factor of a millionH always stood 

in the way, and i t  finally led to a f i rmly held conviction that I1secondary 

reactions can'  t be observed. Certainly, Lawrence and others considered 

the use of neutrons to produce artificial radioactivity, but the factor of a 

million always made them tu rn  their minds to other things. But Fermi ,  

who was f a r  rembved f rom the p ressures  of an accelerator  laboratory, 

looked at the problem f r o m  f i r s t  

that every neutron would make a 

secondary reactions would be a s  

were involved. The s tory  of his 

principles, and realized immediately 

nuclear reaction. In other words, 

prevalent a s  p r imar ies ,  if neutrons 

success i s  well known, and needn ' t  be 

repeated here.  Lawrence often spoke of the day he f i r s t  heard of 

F e r m i l  s clas'sic experiments,  and how he verified Fe rmi '  s discovery 



of the neutron-induced radioactivity of silver, ,  within a minute or  two. 

He mere ly  took a fifty cent piece f rom his pocket, placed it near  the 

cyclotron, and then watched i t  instantaneously discharge an electroscope 

after  the cyclotron had been turned off. 

One normally doesn'  t dwell s o  long in a scientific obituary on 

those occasions when the subject failed to find what he was apparently 

e q u i ~ p e d  to find. But ~ r n e s t  Lawrence wouldnl t want such interesting 

bits of history to be swept under a rug. He was s o  accustomed to his 

own success  and to  that of his laboratory colleagues, that he enjoyed 

recounting his mis takes ,  without ever mentioning the mitigating factors 

just recounted. F r o m  1931 until 1950, Lawrence ' s  laboratory was the 

home of the highest-energy beams of particles in the world, and for 

severa l  years  in the mid-fifties,  the Bevatron was the highest-energy 

machine in operation. Such figures by themselves mean nothing, but 

they do indicate that i n  that period the Radiation Laboratory could do 

important experiments that were difficult, if not impossible, ,at other 

institutions. Ernes t  Lawrence was always conscious of the importance 

of beam intensity in addition to beam energy, and worked diligently to 
. . 

s e e  that a l l  his accelera tors  kept producing l a rge r  currents  of acceler -  
* ,  

ated ions. He often spoke with satisfaction of the proven value of his 

long canipaign to inc rease  beam current  (often in  the face of opposition 

f rom his younger colleagues, who wanted to "use what we haveM rather  

than shut down fox improvements).  

By 1937 Lawrence had succeeded in pushing the cyclotron cur-  

rent  up to 100 microamperes ,  at  8 million electron volts. Other acceler -  

ator  builders of this period were  content with 1 microampere a t  1 



million electron vol ts .  ~ a w r e n c e '  s young assoc ia tes  felt s u r e  that the 

cyclotron had reached i t s  peak in  the "beam intensity department ,  " but 

Lawrence soon found that the cyclotron was doing t en  t imes  a s  well a s  

anyone had suspected. Lawrence was always the best  cyclotron oper-  

a t o r  in this period; he could "get m o r e  beam1'  than anyone else .  One 

day,  he notice'd that a s  the magnetic field passed  through the resonance 

value,  the m e t e r s  i n  the osci l la tor  power supply showed a "loadingtt 

ten  t i m e s  a s  g rea t  a s  the 800 Wu,iS one would predict  (100 m i c r o -  , 

a m p e r e s  t i m e s  8 mi l l ionvo l t s  = 800 watts). Lawrence knew at o x e  

that this  power mus t  be going into an  acce lera ted  beam that w a s n ' t  

reaching the detector.  I t  was soon af te r  this that  Lawrence encouraged 

Martin Kamen to  ins ta l l  two water-cooled probes to  in te rsec t  the c i r -  

culating beam that had f o r m e r l y  been lost. So now, in  addition t o  the 

100 m i c r o a m p e r e s  of ' Iexternal beam, another mi l l iampere  was a l -  

ways at work producing radioactive isotopes fo r  Dr. John Lawrence ' s  
I 

medicab program. 

One of the important  r easons  fo r  Lawrence '  s concern with high 

intensity was his g rea t  i n t e r e s t  in  the medical  and biological applications 

of the radiations f r o m  the cyclotron and f r o m  the radioactive substances 

i t  produced. A physicist  can ordinari ly  compensate for  a lower intengity 

by building m o r e  sensi t ive detectors .  But in  medicine,  one m u s t  accept 

the human body a s  it i s ;  if the radiation levels  a r e  too low, the body' 

u ses  i t s  healing mechanisms to minimize the effects that a r e  under in- 

ves  tigation. 

Lawrence persuaded his bro ther  John to come to  Se rke ley  a t  

f i r s t  a s  a v is i tor ,  to advise hiin on the potential hazards  of the neutrons 
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f r o m  the 27-inch cyclotron. Later ,  John Lawrence headed a s t rong 

r e s e a r c h  t e a m  that investigated many phases of the new ra2iation x e d i -  

cine acd biology. E r n e s t  Lawrence, who had abandoned a medical  

c a r e e r  f o r  one in physics ,  now had the vicar ious pleasure of a "sec,ond 

life" in  medica l  physics.  He gave the Laboratory mc2ical prograin his 

s t ronges t  support ,  often in the face of keen disappointment on the part  
0 .  

of s o m e  of the physicists who worked s o  ha rd  to  keep the cyclotron in 

operating condition and whose r e s e a r c h  efforts had to  be curtailed.  LT 

1938 and 1 9 3 9 ,  a l l  physics a t  the cyclotron was suspended fo r  a full day 

each  week, s o  that t e r m i n a l  cancer  patients could be t rea ted  with neu- 

t rons  f r o m  the 37-inch cyclotron. The oil-stained cjrclotron was 

c lever ly  disguised with a s e t  of white panels ,  and the patients were  led 

through a s ide  door  into what appeared  to  be an  immaculate  hospital  , 

room. 

Lawrence was actively engaged in promoting the use  of radio-  

active isotopes throughout the biological and chemical  fields,  both a s  
, 

t r a c e r s  and a s  s o u r c e s  of radiation. He committed his Laboratory to  

furnishing the m a t e r i a l s  f o r  experimental  p rograms  in many University 

of California depa r tmen t s ,  and he derived g rea t  satisfaction f r o m  the 

important  d iscover ies  made  by his colleagues in  other scientific 

disciplines.  The collaboration between physicis ts  and biologists 

natural ly  b lossomed af te r  the development of the nuclear  r e a c t o r ,  

when radioactive isotopes became widely available.  But the r e a l  

pioneer in this  a r e a  was E r n e s t  Lawrence,  who sha red  the hard-earned  

f ru i t s  of his  labor  with his University colleagues because he thought i t  

w2s in the bes t  i n t e re s t  of sciellce. 



Everyone recognized that Lawrence was responsible for the 
m 

steady increase  in the peak energy of the accelerated beams'available 

in the Radiation Laboratory, and throughout the world. Sut  Lawrence 

himself seemed to derive even more  satisfaction frolm his steady drive 

toward higher beam intensities.  He could point to the discovery of 

carbon- 14, by Rubin and Kamen, a s  an immediate d i v i d e d  of his 

14, 
obsession with higher in tens i t ies .  L could not have been discovered 

a t  any other laboratory in  the world with the detection techniques then 

available. And although Lawrence never said so to anyone but his  closest 

associa tes ,  he was coavinced that his great  concern for beam intensity 
I 

1 

was what had real ly made the whole Manhattan District program possible. 

Physicists on both sides of the A t l a ~ t i c  had spent a grea t  deal  

of effort in theoretical and experimental design studies for nuclear  chain 

r eac to r s ,  but these 'devices apparently had no relevance to the Itwar 

effort. " It was not until the discovery of plutonium and its fissionable 

proper t ies  by Lawrence ' s co-workers  a t  the Radiation Laboratory that 

the reac to r  program had a c lear ly  defined ro le  in  the mil i tary program. 

14 
Andas  w a s ' t r u e i n t h e c a s e o f  C, plutoniumcouldntthavebeenfound 

anywhere but a t  Berkeley; i t s  discovery required the enormous particle 

fluxes that came f rom Lawrencet  s long campaign to increase both the , 

energy and the intensity of his ion beams. . 
As i s  well known, the Manhattan Distr ict t  s program was three-  

pronged; uranium-235 for  bombs was made by two isotope separat ion 

p rocesses  and plutonium-239 was crea ted  in the chain reactors .  .- '. 
Lawrence spent severa l  of the 

m a s s  -spectrometer  method of 

war years  perfecting the Calutron, o r  

235. 
separating U f rom ordinary uranium. 



It i s  probably t rue  that no one but Ernes t  Lawrence could have made a 

4 success  of the Calutron process;  the ion currents  required were . 

millions of t imes a s  great  a s  anyone had even dreamed of before. So 

Lawrence s concern with beam intensity was the key element in two of 

the three  successful attempts to produce fissionable mater ia l  in the war 

period. 

In believing that his own pioneering work in two of the three major 

processes  was the key to the acceptance of the Atomic Bomb Project by 

the government, ~ a w r  ence in no way depreciated the accomplishments 

of the reactor  designers o r  of the gaseous diffusion experts. He simply 
t .  

felt ,  f r om a grea t  deal  of experience with high-level Government officials, 

that the project couldnt t have "been soldt t  unless there  was one Itsure wayt1 

to make fissionable mater ia l  before the war was over. (The threat  of 

~ o s t w a r  Congressional investigations into the waste of money on 

"boondogglestt hung over the scientific policy makers  in those days. ) 

The Calutron process was complicated and expensive relative to the 

gaseous diffusion process ,  but once a single unit had worked, there  was 

no doubt that the application of la rge  amounts of money could produce 
/ 

enough mate r ia l  for  a bomb. Lawrence, who was personally involved 

ili many of the key sessions that culminated in the establishment of the 

Manhattan District,  always felt that this argument convinced the decision 

* 
makers  in -Washington .to ,authorize a l l  th ree  approaches to the production 

problem. 

To re turn  to the cyclotron development, we can note two milestones: 

the initial operation of the 60-inch cyclotron in 1939, and the authorization 

of the 184-inch cyclotron in 1940. The 60-inch cyclotron was installed 



I 

in the new Cracker  Radiation Laboratory;  i t s  h is tor ic  contribution to 
* 8 

the discovery of plutonium has  already been mentioned. The Rockefeller 

Foundation gave the University of California 1.25 mill ion dol lars  in 1940 

t o  'build the 184-inch cyclotron on the hi l l  behind the Berkeley Campus. 

Before work  could be s t a r t e d  on the "giant cyclatron,  a s  

Lawrence r e f e r r e d  to  i t  i n  those days,  international events conspired 

t~ change the c h a r a c t e r  of the Laboratory. Jn the s u m m e r  of 1940, 
.+ 

Lawrence re turned  to  Berke ley  f r o m  a New York v is i t  with his longtime 

fr iend,  Dr. - Alfred Loomis. Loomis had played a key ro le  in the dis - 
cussions with the Rockefeller Foundation officials, and Lawrence had 

1 
, 

grea t  respec t  for  his  counsel. Loomis 

ment  of the Natioaal Defense R e s e a r c h  

by Vannevar Bush, Kar l  Compton, and 

duced Lawrence to  the m e m b e r s  of the 

k 

had been act ive in the establ ish-  

Committee,  which was headed 

J a m e s  Conant. Loomis intro-  

Br i t i sh  Scientific Mission, who 

were  visit ing the country at that  t ime.  

Cockcroft, Lawrence l ea rned  fo r  the f i r s t  t ime  of the outstanding 

F r o m  his old fr iend,  Sir  John 

scientific contributions t o  the Br i t i sh  war  effort ,  many of them made by 

nuclear  physicists.  Before returning to  Berkeley, he joined the NDRC 
I 

Microwave Committee,  under  the chairmanship of Alfred Loomis. He 

a s  sumed the responsibi l i ty  fo r  recrui t ing a group of young experimental  

nuclear  physicsts t o  help the Br i t i sh  "fight t h e  scientific war. " He - 
persuaded Lee DuSridge to  leave his own cyclotron a t  Roches ter ,  New 

York, and head the embryonic Radiation Laboratory at Massachusetts 1 

Institute of Technology. (The name  of t h e  labora tory ,  together with i t s  

staff of nuclear physicis ts ,  was intended a s  a "cover" to  mis lead  the 

curious into believing that i t s  mis s ion  w'as i n  the field of nuclear  fission. 



LI those days,  f ission was not t rea ted  ser iously a s  a war project ,  but 

the m e r e  idea that planes could be detected by radio echoes was con- 

' s ide red  to  be exceedingly s e c r e t  information. ) 

Lawrence r ec ru i t ed  a fine staff of young physicis ts ,  many of 

them his f o r m e r  students. Most of them gave up the i r  exciting c a r e e r s  

in  nuclear  physics,  m o r e  than a yea r  before P e a r l  Harbor ,  f o r  the s imple 

r eason  that  Errie,st Lawrence came  to see  them and told them i t  was the 

m o s t  important  thing they could do. ' F r o m  his own Laboratory he r e -  

c ru i t ed  Mc Millan, Salisbury, and Alvarez. The MIT Radiation Laboratory 

c a m e  into being i n  November of 1940, and i ts  contributions to  r a d a r  a r e  

too.well  known to  be recounted here.  Lawrence visited the laboratory 

frequently i n  i t s  f i r s t  y e a r ,  and kept ab reas t  of i t s  activit ies in that  

period.. S u t  it was soon obvious that the laboratory could s tand on i t s  

own fee t ,  and Lawrence had other  demands on his talents.  

In the s u m m e r  of 1941; Lawrence became involved in the anti-  

submar ine  warfare  program;  German submarines were  then close to  

destroying the convoy sys t em that was supplying Great Bri ta in f r o m  the  

United States. Lawrence again ac ted  a s  the chief recrui t ing agent for  

the new underwater sound labora tor ies ,  and persuaded McMillan to  leave 

MIT fo r  San Diego. Shortly thereaf te r ,  he converted the 37-inch 

cyclotron into a m a s s  spec t romete r  fo r  separat ing sma l l  amounts of 

235 
U f r o m  ordinary uranium. This work convinced him that the  e lec t ro-  

magnet ic  separat ion technique could be expanded to become a l a rge - sca le  

p rocess  fo r  producing 2 3 5 ~ .  In his charac ter i s t ic  s tyle ,  he immediately 

coLmmitted his Laboratory and his  reputation to the project.  Although he 

had recent ly  staffed two labora tor ies  with many of his bes t  students,  he 
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s t i l l  could ca l l  on a number of his top-flight proteges to  restaff the 

Se rke ley  Radiation Laboratory. 

F r o m  the s u m m e r  of 1941 until the s u m m e r  of 1945, the Radia- 
.4 

tion Laboratory worked around the clock on the technical  problems in- 

volved in the electromagnet ic  separat ion of 2 3 5 ~ .  The 184-inch cyclotron 

magnet ,  a s sembled  in a new laboratory high above the Berkeley campus, 

s e r v e d  a s  a working model  for  the hundreds of m a s s  spec t rometers  

soon to be constructed in Oak Ridge, Tennessee.  Lawrence himself ,  

and all his a s soc ia t e s ,  worked twelve hours  a day, seven Zays a week. 

It was a Herculean effor t ,  and it was a lmost  solely responsible for  the 

2 3 5 ~  that made  up the Hiroshima bomb. The t h e r m a l  diffusion process  
I 

and the gaseous diffusion process  contributed only in  a minor  way to the 

overa l l  separat ion of the isotopes for  the f i r s t  bomb; Lawrence '  s 

fantast ic  m a s s  spec t romete r  plant a t  Oak Ridge bore  the brunt of $he 

effort. (Shortly a f te r  the  w a r ,  Lawrence '  s plant was shut down, and 

the m o r e  efficient gaseous diffusion plant took over  the peacetime pro-  

duction of 
2 3  5 u. ) 

One of the g rea te s t  difficulties one encounters  in writing of 
I 

E r n e s t  Lawrence ' s  c a r e e r  is that s o  much mus t  be omitted in o r d e r  to  

keep the manuscr ip t  within reasonable bounds. It is a l so  a pity that 

Lawrence himself  wrote  nothing of the experiences he had in his five 

intensely busy war y e a r s ,  nor  of the technical problems he m e t  and 

' scllved in that period. Because of th is ,  t h e r e  i s  an apparently compre-  

hensive book on the electromagnet ic  'separation of isotopes with but 

a single mention of his name.  However, in  the minds of those who 

worked with h i m d u r i n g  the war  there  i s  no question that his foresight ,  



dar ing ,  leadersh ip ,  and t echnical ingenuity were  the key ingredients in 

the success  of the venture.  

In ea r ly  1945, when the completed Oak Ridge plant was in full 

production, Lawrence turned his thoughts toward the postwar period. 

He persuaded General  Groves (for whom he had a grea t  respec t  that was 

. apparent ly reciprocated)  to authorize the conversion of the Laboratory to  

i ts  peacet ime mission.  Manhattan Distr ic t  funds were  accordingly -made 

available to  complete the 184-inch cyclotron, and to  build a proton l inear  

acce le ra to r  and an e lec t ron  synchrotron. The synchrotron had just been 

invented by .MclMillan, and Alvarez s r a d a r  experience had convinced 

h im that  a proton l inear  acce le ra to r  could be built. 

In the fa l l  of 1945, the prewar  Berkeley t e a m  was reassembled ,  

together with some talented newcomers whose abili t ies had f i r  s t  come 

to light i n  the war t ime effort. One of the f i r s t  major  decisions 

Lawrence had to  make  concerned the 184-inch cyclotron. It had been 
. . 

planned a s  a "conventional cyclotron, but i t s  performance under those 

c i rcumstances  would have been marg ina l  at best.  McMillanl s theory of 

phase stabili ty indicated that the 184-inch machine would pe r fo rm m o r e  

sat isfactor i ly  a s  a synchrocyclotron; i t s  proton energy should r i s e  to  

350 MeV, f r o m  the e a r l i e r  design figure of perhaps 70 MeV. 3 u t ,  on 

the other  hand, no one had ever  built a synchrocyclotron, and the problems 

c% ' foreseen  were  formidable.  Lawrence and McMillan called for  the i m -  

mediate  rebuilding of the old 37-inch cyclotron. It was soon operating 

a s  the world '  s f i r s t  synchrocyclotron, and i t  showed that the new de - 
vice was much s imple r  to  build and opera te  than the originally proposed 

conventional cycl.otron. ~s a r e su l t  of these  ea r ly  m-ode1 t e s t s ,  the 



184-inch synchrocyclotron was accelerat ing deuterons to  1 2 0  MeV, and 
., 

hel ium nuclei to 360 MeV, in  la te  1946. 

Since this i s  the s t o r y  of Ernes t  Lawrence1 s c a f e e r ,  v e r y  l i t t le 
C 

will  be sa id  about the new labora tory  activit ies that were  p r imar i ly  the 

responsibi l i t ies  of his younger colleagues. In addition to  the two a c -  

ce l e ra to r s  built under  the supervision of McMillan and Alvarez,  t he re  

were  two important  new chemica l  projects  under Seaborg.and Calvin. 

Seaborg re turned  to  Berkeley f r o m  his successful  war t ime duties 'as 

d i r ec to r  of the chemica l  phases of the Plutonium Pro jec t  in Chicago. 

Calvin had played s e v e r a l  important  ro les  in  the OSRD Chemistry 

Section, and was anxious to  study photosynthesis with I4c, which was 

soon to  be in  plentiful supply a s  a d i rec t  r e su l t  of the huge neutron fluxes 

now available f r o m  nuclear  r eac to r s .  In effect, a l l  of us  had "gone away 

a s  boys,  and come back a s  men. I t  We had all init iated l a r g e  technical 

p ro jec t s ,  and c a r r i e d  t h e m  to completion as d i r ec to r s  of l a rge  t eams  

of  scientist.^ and technicians.  We were  a l l  p repa red  to  r e a s s u m e  our  

subordinate ro l e s ,  with E r n e s t  Lawrence a s  our  t t  l e a d e r t 1  once again. 

But he made  i t  c l ea r  by h is  act ions,  if not by h is  words,  that we were  

to  be f r e e  agents.  We made  a l l  our own technical and personnel  decisions,  

and f o r  the f i r s t  few y e a r s  a f te r  the war ,  a t  leas t ,  we had unlimited fin- 

anc ia l  backing. It was not until  the "blank check" f r o m  the Manhattan 

Dis t r ic t  was rep laced  by m o r e  normal  budgeting procedures  that any 

of us  felt  any limitations on our  ability to do whatever we thought should - 
be done in our owk a r e a s  of responsibil i ty.  E r ~ e s t  Lawrence showed a 

keen in t e res t  i n  what we were  doing, but i n  these  e a r l y  postwar y e a r s  

he never  gave any s ign that  he thought his function was to give us  advice 



of any kind. Wise parents  ' let  the i r  children solve a l l  the problems 

- they can, but they s tand by to  help when the problems a r e  too difficult . 

of solution. E rnes t  Lawrence was always a wise "scientific parent"; 

- 
a l l  of us  who were  fortunate enough to  be his "scientific chi ldrecH will 

r e m e m b e r  with grati tude the help and understanding he  gave us when we 

needed i t ,  a s  well a s  the f r eedom he gave us  to  solve our  own problems 

when i t  s e eined that we could eventually succeed. 

With the completion of the 184-inch cyclotron, Lawrence once 

again became an active r e s e a r c h  worker.  )He had not been d i rec t ly  in- 

volved in any par t icu lar  experiment  since his 1935 work on deuteron- 

induced radioact ivi t ies ,  As soon a s  the 184-inch cyclotron was operating, 

Lawrence became an  act ive participant in  experiments  using the r e  - 

cently d iscovered  high-energy neutrons produced by "deuteron stripping. " 

He personal ly discovered the  delayed neutron activity that he and his 

colleagues soon showgd was due to  nitrogen-17. It was a re f resh ing  

experience for  many of his young colleagues,  who had known him largely 

a s  a Labora tory  d i r ec to r  and a s  a person  with g rea t  ski l l  in  diagnosing 
I 

t roubles  i n  complicated scientific tools ,  t o  s e e  the 'complete devotion 

he now showed to personal  involvement in  bas ic  scientific r e sea rch .  

Soon 'after the 1 7 ~  m y s t e r y  was unraveled, Lawrence became convinced 

that  the 184-inch cyclotron could produce the newly discovered IT mesons. 

Edward Te l l e r  had pointed out that even though the cyc lo t ron ' s  energy 

seemed  too low t'o produce pions, t he re  was some hope that with the aid 

of the F e r m i  momentum of an  incident a par t ic le ,  and of a carbon ta rge t  

nucleus,  the job cguld be done. Lawrence worked closely with Eugene 

Cardner  in this period, designing e x p r i m e n t a l  setups using nuclear  

enuisions a s  de tec tors ,  but these  efforts were  unsuccessful. 



~ h o r t l ~ ' a f t e ?  these  ea r ly  experiments ,  C. M. J. Lat iei  a r r ived  
rr 

in Serke ley .  He had been a member  of the Br is to l  t e a m  that, under the 

leadersh ip  of C. F. Powell, had recent ly discovered the 7; meson. He - 
quickly showed that  the difficulties encountered by Gar dner and Lawrence 

had been due to  improper  processing of the nuclear  emulsions. Lattes 

immediately co r rec ted  the Berkeley development techniques, and a new 

s e t  of exposures  was made  soon af te r  his a r r i v a l ,  using the apparatus 

designed by Lawrence and Gardner .  Lat tes  a l so  brought a famil iar i ty  

with the t r a c k s  of n mesons  in emulsion that  was available to  only a few 

physicis ts  in  the world a t  that t ime ,  and he applied his keen eyesight to ! 

1 

the. tedious scanning of the exposed plates. His diligence was rewarded  

with success ,  one evening, when he observed t r acks  of the f i r s t  ar t i f ic i -  

a l ly  produced negative pion coming to r e s t  in  an  exposed nuclear  emulsion 

plate. He and Gardner  immediately called Lawrence,  who was en ter -  

taining v is i tors  a t  an  Oakland res taurant .  Lawrence left the dinner ,  

and a s  soon a s  he looked through the microscope ,  he experienced one 

of the g rea te s t  t h r i l l s  of his life. Although he had played a ma jo r  ro le  

in the discovery,  both by his activit ies in  procuring the money for  and 

designing the 184-inch cyclotron and, m o r e  part icular ly,  in  the design 

of the apparatus  used  i n  the experiment ,  he character is t ical ly  ins i s ted  

that  the h is tor ica l  paper  should be signed "Gardner  and Lattes.  

F o r  a period of s e v e r a l  y e a r s  a f te r  the war ,  Lawrence devoted 

a l l  his waking hairs to  the pursui t  of bas ic  sc ience  a t  the Radiation 

Laboratory. Lawrence was fortunate in having an  administrat ive staff 

I 
that had learned  to cope with the problems of a much l a rge r  war t ime 

organization, s o  he was relat ively f r e e  t o  concentrate  on the scientific 



activit ies of the many sections of his Laboratory. He took a great  

personal  in t e re s t  in the programs on photosynthesis, medical  physics, 

and nuclear  chemis t ry ,  but the intensity of 'his involvement i n  :he 

physics p rogram was a source  of amazement  to  his younger colleagues. 

It was a r a r e  week that  he d idn ' t  spend s e v e r a l  hours  each evening'and 

' much of Saturday and Sunday in the cyclotron building, o r  wandering 

through other  l abora to r i e s ,  talking to  everyone f r o m  r e s e a r c h  a s  s,istants 
, 

to visit ing professors .  Even though the Laboratory was now almost  a 

hundred t i m e s  a s  l a r g e  .in manpower a s  i t  had been 15  yea r s  e a r l i e r ,  

everyone s t i l l  had the feeling that he was a l lmember  of E r n e s t  , 

~ a w r e n c e  ' s team1' -  - not s imply an  employee of the Radiation Laboratory. 

Even a t  present ,  a lmos t  twenty yea r s  a f te r  this  exciting phase of the 

Labora to ry ' s  his tory,  technicians a s  well  a s  senior  staff m e m b e r s  con- 

tinue to  swap the i r  favori te  s to r i e s  of "the t ime  Pro fesso r  Lawrence 

looked over  m y  shoulder  a t  3:00 a . m .  and asked what I was doing. " 

In 1948, William Brobeck convinced the Laboratory staff that a 

proton synchrotron could be built in  the multibillion -electron-volt  range. 

Lawrence immediately a s sumed  the responsibil i ty of secur ing  financial 

backing for  the "Bevatron, f r o m  the AEC and the Congress.  The 

Brookhaven National Laboratory had recent ly been establ ished,  and i t  

was simultaneously asking fo r  support for  a s imi l a r  acce lera tor .  The 

Atomic 13nergy Commission eventually authorized the 6.2-SeV aeva t ron  

a t  Berkeley,  .and the 3-BeV Cosmotron on Long Island. The Cosmotron 

czme  into operation before the Bevatron, fo r  two reasons.  Lawrence, 

with a conserva t i sm that  many of his assoc ia tes  had not observed before,  

decided to build a qua r t e r - sca le  mode? of the Sevat ron ,  t o  be s u r e  that 



the untr ied principle of "external  injection1( into a synchrotron would 
0 

work. The model,  a s  designed by Brobeck, worked within 9 months 

of the decision to  build i t ,  and the "go-ahead signal" for  the Sevs t ron  

was immediately given by Lawrence. But soon af te r  this  decision had 

been made ,  the USSR exploded i t s  f i r s t  nuclear  device, and Lawrence 

turned  his attention once again to  problems of national securi ty .  

Lawrence played a key ro le  in  the U. S. decision to  embark  on a 

p r o g r a m  leading to  the development 6f a thermonuclear  bomb. Soon 

af te r  Pres ident  Truman made  the decision to  build the hydrogen bomb, 

Lawrence became concerned with the ser ious  shortage of uranium re-.  

s e r v e s  available to  the United States. He felt  that the country might 

soon be  plagued with a neutron shortage,  occasioned by the dwindling 

supply of 2 3 5 ~ .  His solution to  the problem was the construction of a 

high-energy, high-current  deuteron l inear  acce le ra to r  that would produce 

neutrons by impact  on heavy t a rge t s .  Experiments  a t  the 184-inch cyclo- 

t ron  had shownsurp r i s ing ly  high "neutron multiplicit ies" i n  such  collisions. 

I '  
A 60-foot-diameter 60-foot-long t e s t  sect ion of the acce lera tor  was built 

a t  the Laboratory1 s newly acquired Livermore  s i te ,  and i t  acce lera ted  

unprecedented cu r ren t s  of c lose to  one a m p e r e  to  s e v e r a l  million electron 
. . 

volts. The project  was abandoned when another solution to the neutron 

shor tage  problem proved succ.essfu1; the AEC offered substant ial  cash  

payments for  uranium finds in the continental United States. A flood of 

prospec tors  with Geiger counters  promptly showed that t he re  were  enormous 

and previously unknown r e s e r v e s  of uranium i n  the Rocky h4ountairi s ta tes .  

(At the present  date,  the Canadian government i s  considering a p rogram 

pat terned af te r  Lawrence '  s scheme of e lectronuclear  neutron production, 



a s  an effective competitor to  ncc lear  r eac to r s .  An advantage of the 

acce le ra to r  method is the lower power density in the neutron-producing 

* t a rge t ,  p e r  unit of neutron flux, than in  nuclear  reac tors .  ) 

In 1952, Lawrence expressed  concern  that a l l  the U. S. nuclear 

weapons design effort  was concentrated i n  a single government laboratory. 

He had g r e a t  r e spec t  for  the m e m b e r s  of the Los Alamos Laboratory, 

and for  the i r  ex t raord inary  accomplishments .  Nonetheles s , his extensive 

experience a s  a scientific consultant t o  many of the la rges t  U. S. techni- 

c a l  corporat ions gave h im f i r s t -hand experience with the benefits of a 

healthy competit ion between independent development laborator ies .  He 

therefore  u rged  the AEC and the Joint Congressional Committee on 

Atomic Energy  to se t  up a second weapons laboratory. He offered the 

L ive rmore  s i t e  a s  a suitable location, and pledged his personal  over -  

sight of the new project.  The Laboratory was established in 1952, with 

Herbe r t  York a s  d i r ec to r ,  and Edward Te l l e r  a s  a senior  member  of the 

staff.  Most of the key group l eade r s  were  young physicists,  chemis ts ,  

and engineers  t ra ined  in  the Berkeley Laboratory. Lawrence spent -most 

of his remain ing  t ime and effort  on the a f fa i r s  of the Livermore  Laboratory 

until his dea th  i n  1958. The young competitor in the field of nuclear 

weapons "stubbed i t s  toe" s e v e r a l  t imes  in the ear ly  yea r s ,  but la te r  i t  

made the substant ial  contributions to  the design of nuclear  weapons that 

Lawrence had foreseen  a s  i ts  destiny. Without the steadying hand of 

E r n e s t  Lawrence in  the difficult ea r ly  y e a r s ,  the Livermore  Laboratory 

might eas i ly  have failed in  i t s  purpose,  and the country a s  a whole hould 

have been the lose r .  L a w r e n c e ' s  l a t e s t  prote'ge's, the f i r s t  t h ree  di- 

r e c t o r s  of the L ive rmore  labora tory ,  a r e  a remarkable  group of young 
, 

men.  Each  of them, i n  turn ,  went f r o m  Live rmore  to  a position of 



great  responsibility in the Pentagon - -  the Director of i3efense Re-  

sea rch  and Engineering. Herbert  York l eZ  Washington to become 

Chancellor of the San Diego campus of the University of California, 

Earold Brow1 became Secretary of the Air Force at the age of 38, 

and John Foster  i s  s t i l l  "DDR and E. ! I  

Concurrently with the establishment of the Livermore Laboratory, 

Lawrence developed what he called his "hobby," to divert his mind from 

the enormous p r e s su re s  to which it was subjected in these years .  He 

became fascinated with the technical challenges of color television, 2nd 

invented some very  ingenious solutions to the difficult problems of that 

field. Unfortunately, the busines s problems involved in the financing of 

initially unprofitable color television tube production lines were  more  

difficult than the technical problems Lawrence tackled and solved, 

largely by himself. F o r  these reasons ,  the Lawrence llchromatronll  

was never put into production in this country. But i t  i s  now being sold 

in Japan, and the Sony Company has announce,d plans to introduce i t  

into the U. S. market  in 1367. 

In the middle 50' s .  John Lawren'ce and Dr. Albert Snell, Ernes t '  s . 
. personal  physician, urged him to shed some of the great  burdens he was 

carrying. On one occasion Ernes t  and Molly Lawrence took a leisurely 

ocean voyage to India, and i t  seemed that the period of r e s t  had greatly 

relieved the intestinal problems that were aggravated by the p ressures  

under which he had worked for  so  long. 3u t  the problems were  only 

temporar i ly  ameliorated; surgical' t reatment  was recommended, but it 

was unsuccessful. Ernes t  Lawrence died in a Palo Alto hospital on 

August 27, 1958,  without recovering consciousness after major  surgery.  



Lawrence ! s untimely death a t  the end#of his fifty-seventh ycar  

was a g rea t  shock to  his wide c i rc le  of f r iends in sciencc,  government, 

and industry.  He had led a life of enormous usefulness to  science and 

L O  his country; his influence was la rge ly  by example,  and by the s t rength 

of his cha rac te r .  He had g rea t  admirat ion f o r  his scientific colleagues 

who could influence national policies through high administrat ive office, 

or  by wri t ings,  o r  in public speeches.  But he felt  that the proper  way 

fo r  h im to  be useful was to  le t  policy maker s  know that he was avail-  

able  for  consultation on his own personal  opinions - - never a s  a spokes - 

man fo r  a p r e s s u r e  group. Leaders  in government and industry r e -  

spected his d is tas te  fo r  the. l imelight,  and sought his counsel. His 

long r e c o r d  of success  in the difficult t asks  he se t  for  himself,  and 

the accuracy  of his prognostications in  d iverse  fields,  made his ad- 

vice mos t  compelling to those who sought it.  
1 

F o r  those who had the good fortune to  be close to  him both per -  

sonally and scientifically he will always s e e m  a giant among men. At 

present ,  when government 'support  for  bas ic  science appears  to  be on 

the wane, one h e a r s  m o r e  and m o r e  frequently the lament,  "The r e a l  

difficulty i s  that t he re  i sn '  t  a n  Ernes t  Lawrence any more.  I '  

Lawrence ' s  place i n  the his tory of science i s  secure.  He will 

always be r e m e m b e r e d  a s  the inventor of the cyclotron, but m o r e  i m -  
0 

portantly,  he should be r emembered  a s  the inventor of the modern  way 

o f  doing science.  Element 1 0 3  was named Lawrencium Sy his young 

assoc ia tes  who discovered i t  short ly  a f te r  his death. After his death, 

his f r iends  endowed the Lawrence Hall of Science, to which science 

teachers  f r o m  a l l  over  the country will come on year-long fellowships 



to  l ea rn  the most  modern  methods of teaching the i r  subjects.  The 

Lawrence Hall of Science will soon be in operation, just  above the 

Lzboratory that Ernes t  Lawrence founded and nur tured  and loved for  

s o  long, and that i s  now appropriately known a s  the Lawrence Radiation 

Laborztory. 
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