
SCIENCE 

VOL.91 FRIDAY. No. 2362 APRIL5, 1940 

T h e  Nobel Prize i n  Physics:  
Presentation t o  Professor Ernest 0 .  Lawrence : 

PROFESSOR T. BIRGE ..............................R~YIIOXD 323 
Response: DR. ERXEST 0.LAWRENCE...........................32.9. 

Obituary:  
Ferdinand Eller?~lan: DR..TVALTER S. ADASIS. Re-

cent Deaths .............................................................................330 
Scientific Events:  

Tlze ,Uedical School of the Cnicersity of Quee7zs-
land; Gi f t s  and Bequests t o  American Colleges a?~d 
Universities; T h e  Ca,fskill Meeting of the  New 
J'ork S t a t e  Geological Association; T h e  Ledynrd 
FelTouukip dzuards of the New Pork Hospital; T h e  
T w e l f t h  Annual Science Fair o f  the American In-
st i tute;  Meetings of the d n ~ w i c a n  Sociefv  of X e -  
chanical Engineers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .331 

Scie?~tifio Y o t e s  a:zd S e z s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
334 
Discussion : 

Laborator!, Cl~i?npanzees:PROFE~SORROBERT31. 
PERICES.T h e  Rclatio?~s of Soils and Sztrface dn 
the South Carolixa Piedmont:  D. HOPE EARGLE. 
B o r o i ~  Deficiencies in Connecticut: PROFES~ORB. A. 
BROWN.Receipt of European Journals during the 
W a r :  WATSOXDAVIS 336 

Scientific Books : 
Sedintentatio?~: PROFESSORPERCYE.  RAPNOND. 
Sublilarine Canyon,s: PROFESSOR KIRTLEY F. 
MATHER.A X e w  German Science Dictionary: 
I%~~ROLD FINK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .HEKNETH 339 

Societies and Xee t ings:  
Pennsy1,vania Acade?ny of Scie,izce: DR. BRADFORD 
WILLARD 340 

Special Articles: 
Bisulfite Binding Substances (B.B.S.)  a ~ t d  Thiamin  
Deficiency: MAURICE SHILS,' DR. HARRY G. DSY 
and DR. E. V. ~ICCOLLTTII. Nezn forA Xethod 
Studyi?rg the Properties of Lubricating Oils Based 
on  the Gse of a New I?lstrum,ent: DR. P. LECOMTE 
nu XOUY. Aictopkagia i n  Bats  Trai~matized d.i~r- 
in9 Ina~z i t ion:DR. CARROLL . . . . . .  31-1BLUE XASH ............. 


Scientific Apparatus and Laboratorjl Xe thods:  
So~ize Cses o f  J'acuunt 1 %  Xzcrology: DR. ROBERT 
T. HANCE and RALPH L. CHERSLOCK. A Xethod 
for Preseruing Trjpanosoma eguzperdum :CAPTAIX 
WN. S. STONEand CAPTIIK ARVO T. T H ~ X P S O X342 

Science N e c s  .................................................................10 


SCIENCE: A Weekly Journal devoted to the Advance- 
ment o f  Science, edited by J. MCKEEX CATTELL and pub- 
lished every Friday by 

T H E  SCIENCE P R E S S  

Kew York City: Grand Central Terminal 


Lancaster, Pa. Garrison, N. Y. 

Annual Subscription, $6.00 Single Copies, 15 Cts. 

SCIENCE is the official organ of the American Associa- 
tion for the Advancement of  Science. Information regard- 
ing membership in the Association mav be secured from
the office of the permanept secretary ih the Smithsonian
Institution Building, 11-ashington, D. C. 

PRESENTATION O F  THE NOBEL PRIZE TO 

PROFESSOR ERNEST 0. LAWRENCE1 


By Professor RAYMOND T.BPRGE 
UXIVERSITY OF CALIFORKIA 

Xr.. Pres idev t ,  M r .  Consul-Gerze?.al, Dr. Lawrence,  
Laclies and Gelat leme~z:  

SOUTHDAKOTAwas admitted t o  the Union in 1889. 
I t  is thus a very young state, and one need not be sur- 
prised that a s  yet relatively few of its n a t i ~  e sons have 
achieved great clistinction. One of these few is 
Ernest Orlando Lawrence, who was born in Canton. 
S. D., on August 8, 1001. Ernest's father, Carl G. 
Lawrence, is' now president emeritus of Sorthern 
State Teachers College, Bberdeen, S. D., and is living 
in Berkeley with his wife. The father of Carl Law- 
rence was Ole Lawrence, another school teacher, who, 
as an immigrant from Sorway, settled a t  llaclison, 
Wis., i n  the gear 1840. Ernest's maternal grand-

1 Address at  the Nobel Prize presentation, February 29, 
1940. 

father, Erik Jacobson, also an immigrant froin Nor- 
way, was a South Dakota pioneer. 

Ernest Lawrence is the first native of South Da- 
kota to be eleoted to inembership in the National 
Acacierny of Sciences, an honor that came to him in 
April, 1834, when he was only 32 years old. H e  is 
now the first native of South Dakota to becollie a 
Sobel Laureate. B y  an interesting coincidence, one 
of Dr. L a ~ ~ r e n c e ' sintimate boyhood friends, Dr. 
hIerlc A. Tuve. is alt present in charge of nuclear 
physics research at  the Carnegie Institution of Wash- 
ington, where a huge 60-inch cyclotron, similar to the 
large Berkeley cyclotron, is now under construction. 

Dr. Lawrence obtained hi3 elementary education in 
the public schools of Canton and Pierre, S. D., and did 
his undergraduate college work first a t  St. Olaf Col-

http:Consul-Gerze?.al
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lege and then at  the University of South Dakota. not be divided, although, as 
where he was inspired by Dean Lewis E. Akeley to carvicg up atoms into little 
enter the field of physics. H e  undertook g-racluate favorite pastime of phvsicists. 
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all 01 you also know, 
bits is a t  present the 
Hence vhen Lam-rence 

at  the U11ivers1t-y of Minnesota, the University 
of Chicago and finally at  Pale University, where he measured precisely the energy required to do this, he 
obtained his Ph.D. deg-ree in 192.5. At Minnesota he in one sen3e clisintegrated the atom. But it  takes only 
came under the influence of Dr. Tv. F. G. Swann, l ~ o ~ i ,  a relatively trifling anlount of energj-some ten volts 

~ ~ o r k  t l ~ u s  pried loose an electron from a mercury atom and 

director of the Bartol Research Foundation, S7r-artli-
more, Pa., and an authority in the field of cosmic 
rays. This influence, which was profound, explains 
the transfers of Dr. La~vrence from one unil-ersity to 
another, f o r  they coincided precisely with siinilar 
transfers on the part of Dr. S~vann.  

After receiving his doctor's deg-ree Lawrence re-
mained at  Tale, first as a National Research Fello~v 
and then as an assistant professor. When Swalln left 
Pale  to beconle director of the Bartol Foundation, the 
University of California seized the opportunity to se- 
cure the services of a man 71.ho already was recogni~ed 
as one of the most brilliant young physicists in the 
country. The University of California, after 12  years, 
still retains his services, in spite of numerous enticing 
offers that he has received from elservhere. 

The first published scientific paper 11y Dr. Lawrence 
is dated May, 1924. I11 the succeeding 1 6  years his 
name has appeared on 56 papers, an average of just 
three and one-half papers a >ear. This in itself is a 
remarkable record, but what is more iaemarkable is 
the number of papers by his stuclents and associate+- 
papels that do not hear 11is name, but that carry only 
too plainly the impress of his guidance and inspira- 
tion. His  first paper, entitled "The Charging Effect 
Produced by the Rotation of a Prolate Iron Spheroid 
in a Vniform Xagnetic Fielcl," contains no trace of 
his future interests. One of theie interests, however, 
appears in his doctor's thesis, which lay in the field 
of photoelectricity. Further mork in this field was 
carried out both a t  Yale and at  California. I n  fact, 
Dr. La~~rence ' sfirst Ph.D. student, N. E. Edlefsen, 
chcl his thesis in this field. TTTe shall hear of Dr. 
Eiilefsen again. 

From the start of his scieiltific career, Dr. Lawrence 
showed an except~onal breadlh of interest. Tl l i le  n 
National Research Fellow at  Yale he measured ths 
ionization potential of the mercury atom. This mas, 
a t  the time, the most ~ r e c i s e  determination of its nature 
that hail ever been made. I t s  importance is due to 
the fact that the result enables one to calculate the 
value of the so-called Planck constant, h, orle of the 
four most important universal corlatants of nature, and 
the funcianlental constant of the quantum theory. 
There is, howel er, another point of interest in Ithis 
research. The ionization potential of the melcury 
atom is merely the energy required to tear an electron 
loose from a neutral mercury atom. Now the ~vord  
"atom," a. all of yon Irnom, means sometl~ing that can 

in the case of mercurj-to remove one of the5e 
so-called exteri~al electrons from an atoni, and nolva- 
days we reserve the name disintegration for a process 
by wllich the nucleus of the atoin is in some may 
changed, the resulting atom having, in general, coin- 
pletely different chemical properties and being, in 
fact, a different element. Such a disintegratioll re-
quires energy equal to millions, rather than tens of 
volts to bring about, and it is the dijcovcry of a prac- 
tical method for  obtaining by artificial rneans such high 
ene~gies that has brought Dr. La~vrcnce hi, present 
fame. 

Before, however, Laxvrence had settled down to at0111 
smashing in a serious way, he did other interesting 
things. One of these mas the development, in coopera- 
tion with Dr. J. TI'. Beams, of a successful method 
for  obtaining time intervals as small as three billionth. 
of a second. After he came to Califolxia, Lawrence 
and his students applied this method, wliic21 involves 
the use of a ICerr Cell, to a study of the pheno~nena 
occurring in the early stages of the discharge of an 
electric spark. Since a single spark lasts for only 
about one millionth of a second, it is obvious that an 
extremely short ((exposure" must he used to photo-
graph the details of its development. 

Another of Dr. La~~rence ' s  inventions-if you ~ ~ i s h  
to apply that term-mas a new and very precise 
method for  measuring e 'm, the ratio of t l ~ e  charge to 
the mass of an electron. This ratio 1s another of the 
fundamental constants of nature. The detailed derel- 
opment of the method was carried out by one of hi- 
students, Dr. F. G. Dunnii~gton. ~v l~ose  i zfinal result 
possibly our present most accurate ~ a l u e  of this im- 
portant constant. So lnucl~ for  the work of Dr. Lay-  
rence outside the firld of atomic disintegration. The 
picture has bee11 sketchy: yet I hope it 1 1 ~ 5indlcatecl 
the versa t~ l~ ty  of 1113 ~deas .  

Tl~en one evening almost exactly ten years ago 
to-day, Dr. Lam]-ence hnppened to glance at  a11 nrtlcle 
~ ~ h i c hhad just appeared, by a German physicist, R. 
\TTideroe. H e  did not actually read the article, but his 
attention was drawl1 lo a diagram of tlre apparatus. 
ST-ith this apparatus, Rideroe, by the use of a 25,000 
volt potential drop, had succeeded in imparting to 
atoms of potassium energy equal to that resulting 
from a 50,000 volt drop. As a matter of fact the 
particular idea used by TTideroe IJ-as not new-it had 
been suggested ten years earliey-but \T7ideroe mas 
the first one to apply it  successfnlly. Now Lawrence 
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had for  some time realized the growing importance 
of the field of nuclear physics, and had been looking 
for  m7ays and means of successful experimentation in 
the field. This papey by Wideroe immediately sug- 
gested to him the general idea of producing the very 
high energy particles required for  atomic disintegra- 
tion, by means o f '  a succession of properly timed 
"pushes," each of which might be relatively small. 
Then and there he began sketching various wags of 
cal+~yingout this idea. Wideroe had used two hollo~v 
cylinders. lined up  on the same axis. Lawrence 
sketched a series of such cylinders, hut in the case 
of atoms of small mass, vhich are most effective in 
nuclear disintegration, the necessary length of the 
apparatus would then be too great. He next thought 
of the possibility of using a curved path. Now an 
electrically charged particle, entering into a magnetic 
field directed a t  right angles to the motion of the 
particle, proceeds to move in a circle with constant 
speed, Moreover, the time to move through a half 
circle depends only on the charge and mass of the 
particle and on the strength of the magnetic field. I t  
does not depend on the speed of the particle. The 
greater the speed, the greater the radius of the circle 
in which the particle moves. This important fact, 
which Dr. Lawrence immediately noted by writing 
down a very simple mathematical relation, gave hinl 
the idea of the present essential features of the cyclo- 
tron. All this happened within a few minutes of the 
time he had seen Wideroe's paper. The next morning 
Dr. Lawrence told his friends that he had found a 
method f o r  obtaining particles of very high energy. 
without the use of any high voltage. The idea was sur- 
prisingly simple and in principle quite correct-eve1-y 
one admitted that. Yet every one said, in effect, ('Don't 
forget that having an idea and making it  work are 
two very different things." 

I t  seems to me that, in this connection, I can quote 
with profit some remarks made by Dr. TiT.D. Coolidge, 
director Gf the Research Laboratory of the General 
Electric Company. when he presented to Dr. Lawrence, 
in 1937, the Comstock Prize of the Kational Academy 
of Sciences. This prize, awarded only once in five 
years, is considered the greatest honor a t  the bestowal 
of the Academy. Dr. Coolidge first &etched the classi- 
cal experiment of Lord Rutherford, in 1919, when by 
using the alpha particles ejected by a radioactive sub- 
stance, he succeeded in changing nitrogen into a form 
of oxygen. This was the first true disintegration of 
matter produced by man, and as snch, an experiment 
of epoch-making importance. -4s Dr. Coolidge notes, 
Rutherford succeeded in thus breaking up  nitrogen 
and other light atoms, but to disintegrate heavy atoms, 
particles of still greater energy appeared to be needed. 
Such high-energy particles, to use as bombarding pro- 
jectiles. could obviously be produced artificially, by 

allowing chargcd particles to fall through sufficiently 
high voltages. There would be, however, great diffi- 
culties in developing tubes to withstand such voltages. 
Dr. Coolidge then goes on to say:  

Dr. Lawrence envisioned a radically different tourse-
one ~vhich did not have those difficulties attendaiit upon 
the use of poteiitial differences of millions of volts. At 
the start, holrever, it presented other difficulties and many 
uncertainties, and it  is interesting to speculate on vihether 
an older man, having had the same vision, mould have 
ever attained its actual embodiment and successful con- 
clusion. I t  called for boldness and faith and persistence 
to a degree rarely matched. 

hat is the end of the quotation. Those who have 
~vorked with Dr. Lawrence during these past ten event- 
ful  years can well testify that i t  did indeed call fo r  
'(boldness and faith and persistence to a degree rarely 
matched." The story of the development of the cyclo- 
tron reads like a fairy tale. To be told properly, 
many hours mould be required. 

But we are  l i ~ i n g  in a practical world, and it is the 
results actually achieved by the use of the cyclotron, 
rather than the details of its development, that have 
caught the attention of every one, scientists and non- 
scientists alike. This fact was recognized by the Nobel 
Committee, when it awarded the prize to Dr. Lawrence 
with the citation-"for the invention and development 
of the cgclotron and especially for  the results attained 
by means of this device in the production of artificial 
radioactive elements." 

I t  is important to note at  this juncture that the 
cyclotron was not the only method devised by Pro-
fessor Lawrence for  the production of high energy 
particles without the use of high voltages. Another 
method, already mentioned. employs a series of cylin- 
ders set on a common axis. Such a devise, called by 
Lawrence a "linear resonance accelerator," was actually 
constructed and used by him and several of his students 
fo r  accelerating heavy particles to high energies. I 
have already noted that an apparatus of this type is 
not suitable for  light particles, because of the required 
size. Still a third piece of apparatus, the double linear 
accelerator-a modification of David Sloan's remark- 
able x-ray tube-was tested at  considerable length. 
The cyclotron, however, finally proved superior to any 
other device, and it is only because of this fact that 
eventually these other methods were dropped, and all 
attention concentrated on the cgclotron. Even as late 
as 1934 Lawrence believed that the double linear ac- 
celerator ~vould surpass the cyclotron in its yield of 
neutrons, but such proved not to be the case. The 
cgclotron is thus not a lucky accident, but a piece of 
apparatus that has, after detailed development, finally 
proved its superiority to several other methods of 
attack devised by Dr. Lawrence. 

The erst cgclotron, only four inches in diameter, 
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was cons~ructed of glass and red sealing Ti7ax, in Janu- 
ary, 1930, by Lawrence and Edlefsen, who, as pre-
viously noted, was Lawrence's first Ph.D. student a t  
California. Actual resonance effects mere obtained. 
and the first public announcement of the new illethod 
was made by Lawrence and Ecllefsen a t  the meeting 
of the P;ational Acaclemy of Sciences at Berkeley, in 
September, 1930. A metal cyclotron of the same size 
was then constructed by Lawrence and 31. S. Living-
ston, who was prominently identified mith the devel- 
opment of the cyclotron during the next few yeais. 
With this alnlost toy-like instrumnnt, as viewed in 
retrospect, a beam of hydrogen molecular ions !as 
generated, whose energy corresponded to that pro-
duced by 80,000 volts, although the highest potential 
difference in the instr~lnlent was only 2,000 volts. 

Spurred by his success, La~vrence nest built an 
eleven-inch cyclotron. This instrunlent cost $1,000, 
plus some borrowed equipment. With it  one and one 
quarter nlillion volt hydrogen ions w e x  obtained, the 
most energetic beam of particles ever produced in tlie 
laboratory up  to that time. This beam of ions rvac 
used, during the summer of 1932, to disintegrate 
lithium, the first artificial disintegration of matter to 
be carried out in the western hemisphere. That year, 
1932, lvas by all odds the most exciting in the history 
of nlodern physics. During it heavy hydrogen was 
discovered by H .  C. Urey at  Columbia University, 
the neutron was discovered by James Chad~vick a t  the 
Cavendish Laboratory in England, and the positive 
electron, or positron as it is usually called, was discov- 
ered by C. D. Anderson at  the California Institute of 
Technology. Each of these discoveries \!-as later hon- 
ored by a Sobel Award. 

The Cniversity of California is especially interested 
in heavy hydrogen, for  not only did Urey get his 
doctor's degree a t  Berlceley, but the existence of heavy 
hydrogen lvas predicted here, and after its discovery, 
G. N. Lewis was the first person to obtain it in high 
concentration. Samples of highly concentrated heavy 
hydrogen lvere then generously supplied for  research 
work in all parts of the world. But nowhere did this 
new material prove more useful than right here in 
Berkeley. Enlployed as a bombarding projectile in 
the cyclotron, heavy hydrogen or deuterium, as it  is 
now called, was found to be extraordinarily effective 
in producing nuclear cl~sintegrations. Furthermore, 
the cyclotron is by f a r  the most efficient device for 
generating neutrons in relatively large quantities, and 
neutrons, in turn, cause many new types o i  nuclear 
disintegration. Thus thc developnlent of the cyclotron 
has not only paralleled important discoveries else-
where, but the cyclotron itself has made possible per- 
haps tlie most important applications of these discov- 
eries. 

The last great cliicovery that has since played an 

important role in the usefulness of the cyclotron is that 
of artificially induced radioactivity. This discovery 
v a s  made by F. Joliot and his wife, Irene Joliot Curie, 
at Paris, in January, 1934. Again a Nobel Award 
promptly resulted. 

But let us return to the development of the cgclo- 
tron. Although million-volt hydrogen ions had proved 
sufficient .to clisintegrate the light lithium atom, it  was 
\!-.ill knov-n, as stated in the quotation from the presen- 
tation address by Dr. Coolidge, that much higher 
energies would be needed in order to disintegrate 
heal-ier elements. To produce particles of these higher 
energies, a cyclotron f a r  larger than an eleven-inch 
instrunlent xTas obvious'y necessary. The figure, eleven 
inches, refers to the diameter of the vacuum chamber 
in which the ions revolve in circles of ever-increasing 
radius, until finally they are removed through a special 
port-hole in the wall of the chamber. Since t.his 
spiraling nlovement is produced by a uniform mag-
netic field, it is necessary that the pole faces of the 
magnet be at  least as large as the diameter of the 
vacuum chamber. NOIT even the eleven-inch cyclotron 
employed one of the largest magnets then to be found 
in a scientific laboratory. Hence the construction of 
the much larger instrunlent now needed meant moving 
from the realm of physics into that of engineering; 
and that is just here most physicists mould have 
stopped. S o t  so mith Dr. Lawrence. H e  moved 
literally into the field of engineering, by appealing 
to our own Professor L. F. Fuller, a t  that time also 
vice-president of the Federal Telegraph Company. 
Dr. Fuller had just ~ v h a t  Lawrence needed, a gigantic 
magnet built for  a radio transmitter ordered by the 
Chinese government, but obsolete in type before deliv- 
ery lvas possible. Thus a ('~'hite elephant" to Dr. 
Fuller became a godsend to Dr. Lawrence. With this 
magnet as the basis, the first really large cyclotron 
was built during that eventful year, 1932. The diam- 
eter of the pole faces is 37 inches, but the actually 
used portion of the original vacuum chambef was only 
thirteen inches in diameter. Sumerous engineering 
as well as scientific problems had to be solved before 
it mas possible Lo employ completely a 37-inch cham- 
ber, as is being done at  present. I n  fact only those 
directly associated with the work of the Radiation 
Laboratory can appreciate fully tlle innumerabIe diffi- 
culties that have arisen and have, one by one, been 
conquered. As I have already indicated, the present 
cyclotron js primarily the result not of a moment's 
inspiration but rather of years of perspiring effort. 
The 37-inch cyclotron is now installed in the old Radia- 
tion Laboratory. I t  weighs some 75 tons. 

The present world's largest cyclotrotl is the 220-ton 
instrument, located in  the new William H. Crockcr 
Radiation Laboratory. The vacuum chamber is 60 
inches in diameter, and it produces 100 micljoampere 



APRIL5,  1940 SCIENCE 

currents of 16-million-volt deuterons. The beam, 
emerging into the air, has a diameter of a few inches, 
and penetrates some five feet. I t  is our neared ap-  
proach to a "death-ray." Jus t  what is the constitution 
of such a beam? The heavy hydrogen nuclei compo5- 
ing it are moving, when they emerge from the cyclo- 
tron, with a speed of some 25.000 miles a second-
about 13 per cent. of the velocity of Ilght. The ~tetnlber 

of individual atoms, issuing from the cyclotron pei 
second, is 600 million million! To obtain an equally 
dense beam of particles from radium would require 
something like thirty tons of pure radium, ,and even 
then the energy of the individual particles would not 
be nearly as great. 

By causing the cyclotron beam to fall on a piece of 
berylllnm, disintegration of the beryllium atoms is 
produced, accompanied by a copious emission of nen-
trons. These particles, equal in mass to the hydrogen 
atom, but mith no electric charge, were produced 
originally by allowing the radiation i rom some natural 
radioactive substance, such as radium emanation, to 
fall on berylllum. To equal, in thls way, the neutron 
yield of the cyclotron, some 200 poz~~zdsof radium 
mould be required-and radium costs nearly a million 
dollars an ounce! Thus the number of high energy 
particles produced by the cyclotron is of a completely 
different order of magnitude from that given by any 
other source. Herein lies the great plactical value of 
the instrument. 

X h e n  one turns more specifically to the uses of the 
cyclotron, the wealth of material is so great that it  is 
difficult to knom what to select fo r  presentation, ia 
the few remaining minutes a t  my disposal. I t  is 
doubtful if any scientific instrument invented by man 
has found more varied and more important appiica- 
tions. Lawrence originally designed the eyelotyon in 
order to disintegrate atomic nuclei, and thus to gain 
information in regard to the structure of the atom. 
At the present time every clement, wlthout exception, 
has thus been disintegrated, a nelv element being in 
general produced. It one wants gold, Lawrence will 
take mercury and turn it into gold. But the process 
is f a r  more costly than the value of the gold produced. 
I n  fact, the one great possibility of the cyclotron, a s  a 
money-making instrument, lies not in making gold, or 
platinum, or any othe? so-called precious substance, 
but in releasing nuclear energy. MTe now know that 
nearly all the energy of the universe is locked inside 
the nuclei of atoms, and we have found recently that 
ewn slo\?-ly moving neutrons have the ability to cause 
the nucleus of uraniun, to explode into two more or 
less equal park .  I n  this process some 200 qnilllon 
electron volts of energy are released. To visualize this 
amount of energy, consider the fact that when an 
atom of carbon is bmned to form carbon dioxide, 
about four electron volts of energy are released. As 

yet this uranium disintegration has not been developed 
into a self-sustaining process, such as  is needed f o r  
the commercial production of energy. But with the 
f a r  more energetic particles that Dr. Lawrence hopes 
to produce mith a much larger cyclotron, other more 
suitable types of disintegration may ell be found, 
The practical aqpects of such an unlocking of nuclear 
energy, if i t  is accomplished, are so staggering that  
some of us shrink even from contemplating them. 

With the cyclotron one can, as  stated, transform 
every stable element into other forms. Some of the 
final products are themselves siable, but most of them 
aye radioactire. The cyclotron is by f a r  the best 
device for  producing new radioactive substances. 
There are about 90 different elements, but most of 
these can exist in several different stable forms, known 
as isotopes. There are now some 386 known stable 
foims. I n  addition, there are about 335 artificially 
produced radioactive substances, of which 223 have 
been discovered by means of the cyclotron. Xore than 
half of the 223 have been found here a t  Berkeley. The 
remainder have been discovered by means of some one 
of the 21 cyclotrons now in operation a t  other insti- 
tutions. An additional 17  cyclotrons are under con-
struction. Directing or ascisting in -cvork of this kind 
at  25 different institutions are 47 men, trained f o r  
longer or shorter periods of time in the Berkeley 
laboratory. 

Many of the artificially produced radioactive sub- 
stances are proving of extraordinaq value in  medicine 
and in biology. Others are of great interest in them- 
selves. I give jnst one illustration of the latter class. 
A few years ago it  mas beliesred that every element in 
the periodk table had been found, with the exception 
of the elements of atomic number 85 and 87, the hypo- 
thetical elements known as eka-iodine and eka-caesium, 
respectively. Then it became apparent that there was 
no valid e d e n c e  for  the claimed existence of stable 
element 43, called masulium by its apparently deluded 
discoverer, nor for  element 61, called illinium. Quite 
recently, Dr. Emilio SegrB, a member of the staff of 
the Radiation Laboratory, has definitely found a radi- 
active form of element 43, among the proclucts pro-
duced by the cyclotron, and he has published several 
papers on this subject. I now have the privilege and 
the honor to make the first public announcement of  
another similar discovery. Dr. Dale Corson, a member 
of the Physics Department staff and of the Radiation 
Laboratory, aided by Dr. Segrit, Dr. J. G. Hamilton 
and Mr. K. R. MacKenzie, has found what appears to 
be clear evidence of a radioactive form of element 85, 
eka-iodine. All possible alternatives are not yet ex-
cluded, but the evidence is much stringer than that  
on which the announced disco~ery of se\-era1 new 
elements has been based. Meanwhile the discovery of 
eka-caesium, element. 87, has recently been announced 



from Irene Joliot Curie'? laboratory in Paris. That 
leaves only element 61 still missing, and there is a 
strong probability that n radioactive form of this 
element mill be found among the diaintepation prod- 
ucts yielded by the cyclotron beam. 

The great importance of radioactive elements in 
~riedicine and in biology results chiefly Prom their use 
as  so-called "tracer atoms." One can, for instance, 
make a radioactive form of sodiurn that does not differ 
che~uically from stable sodium. Taken through the 
mouth in the form of comnlon salt, these radioactire 
atoms travel x~i th surprising rapidity to varions parts 
of the body. Any one such atom may exist fo r  many 
hours, or only for  a fraction of a second, but the 
average life of an atom of radio-sodium is about 21 
hours. 'TThen it does die-by transformation into a 
new eleinent-each atorn gives unmistakable evidence 
of its location by ejecting a high-speed particle, which 
may be recorded with a so-called Geiger counter. Thus 
the wanderings of single atoms may be accurately fol- 
lowed in chemical and biological processes. The emi- 
nent physiologist, Professor A. TI. Hill, bas told Pro- 
fessor L a x ~ e n c e  that, in his opinion, the use of such 
tracer elements will be recorded in history as a tech- 
nique of equal importance with the use of the micro- 
scope. Just because of these facts, chemists, biologists, 
cytologists, bacteriologists, physicians and radiologists 
-to makc only an incoinplete list-are now working 
with these products of the cyclotron, in close coopera- 
tion mith the regular staff of the Radiation Laboratory. 
Samples of radioactive material are being supplied to  
a t  least twenty such groups, some located on the 
Berkeley campus and others a t  institutions all over 
the ~\~o'ld. 

I now, for  the second time this e~ening,  have the 
privilege of making a first announcement of very great 
importance. This neys is less than 24 hours old, and 
hence is  real news. Carbon, as you know, is the most 
important element in plants and animals. Hence a 
radioactive form of carbon, with a long average life, 
is the one radioactive substance nlost desired by chem- 
ists and biologists, for  use as a tracer atom. A radio-
active form of carbon, of mass 11and average life 30 
minutes, is now known and in spite of its compara- 
tively short average life, has already made possible 
important conclusions relating to plant growth. Xom 
Dr. S. Ruben, instructor in chemistry, and Dr. M. D. 
Karuen, research associate in  the Radiation Labora-
tory, ha\-e found, by means of the cyclotron, a new 
radioactive form of carbon, probably of mass 14, and 
average life of tlic order of magnitude of several yeam. 
On the basis of its potential usefulness, this is cer-
tainly much the most important radioactive substance 
that has yet been created. 

Radioact i~e elements are used not only as tracer 
atoms. They are  now being used also in  the direct 

treatment of various dlseazes, and the results in certain 
cases, such as chronic leukemia, are distinctly enconr- 
aging. Finally, the neutron rays produced by the 
cyclotron are found io have many applications in both 
biology and medlcinc, quite aside from their impor- 
tance to phys~cists. They have already shown very 
promising possibilities in the treatment of cancer, and 
other medical uses are constantly being found. I n  the 
meclical work of the Radiation Laboratoq, Dr. Ernest 
Lax~rence is fortunate in having the cooperation of 
his brotherj Dr. John L a ~ ~ ~ r e n c e ,  a nledlcal scientist of 
great abllity. Although I have ne~tlier the time nor 
the competence to d19cuss In detail tliese manifold uses 
of the cyclotron and it3 prodncts, I hope that I have 
given a t  least a glimpse of their extent. Already 163 
papers h k e  been published from the Berkeley Radia- 
tion Laboratory itself, and 76 different names appear 
on these papers. 

The progress of science is the progress of instru-
ments. A scientific theory is meaningless unless it 
can be te-tecl experimentally. Such a test normally 
requires an appropriate instrument, and thus, for  the 
testing of tlieories as we11 as fo r  the direct observation 
of facts, instruments are indispensable. One needs 
only think of what mould remain of astronomy ~vithout 
the telescope or of biology without the microscope. 
The cyclotron i3 now p1:iying a siniilar role in the 
infant field of nuclear physics. But the cyclotron, as  
noted, has a unique additional value, due to the fact 
that it manufacturcs, in relatively large amounts, 
various products, each of which is itself already of 
treruendous importa~lce in  xidely varying fields. It is 
therefore a real tribute to refer to Dr. Lawrence as  
an eminent inventor. This idea has already been 
expressed in a beautifully xvorded editorial in the Xew 
PopO Times, a portion of which reads as f o l l ~ \ ~ s :  

The pioneers in esperin~ental phxsics have always had 
to devise thelr own instruments of investigation. Men 
like Faradap. Hertz and Helmliolt~ are not listed among 
the great inventors. For the servants of science invent 
as a matter of course, rarely take out patents, and eon- 
centrate on research. Who thinks of He~tz 's  simple 
detector of electric \laves as the first wireless apparatus, 
or of the apparatus with nhich Faraclay discovered elec- 
tromagnetic induction as the germ of the electric gener- 
ator and mutor? If  Professor Larvrellce wele what is 
called a 'Lpractical" inventor and his c>clotron were of 
any immediate colnmerclal use, he ~ o i l l d  take his place 
beside Watt, Ark\vriglit. Bell, Rdison and Marconi, which 
would probably exasperate rather than flatter Iilm. 

That is the end of the quotation. 
I can not close without commending the completely 

unselfish attitude of Dr. Lawrence toward hi5 asso-
ciates. This is well shown by his first remark on being 
informed of the Nobel Prize Award-namely, "It goes 
rrithout saying that it  is the Iaboratoq that is honored, 



and I share the honor with my co-workers past and 
present." 

The development of the cyclotron has taken the 
united efforts of many most capable and willing mork- 
ers, but it is the ability and the inspiration of Lawrence 
that have brought these workers together, and hare 

held them together, in spite of every obstacle, until 
to-day the Radiation Laboratory represent; as fine a 
piece of cooperative effort as exists in the annals of 
science. I therefore pay tribute to Dr. Lawrence not 
only as a scientist of real distinction, but as  one who 
exemplifies the best in scientific ideals. 

RESPONSE 
By Dr. ERNEST 0.LAWRENCE 

PROFESSOR O F  PI-IPSICS A S D  DIRECTOR OF THE R A D I 1 l I O N  LABORATORY, UNIVERSITY O F  CALIFORSI.4 

J I r .  President, Xi-. Coiasul-Ge~aeral, Professor Birge, 
Ladies n~zd Gentlenzen : 

TTORDSfail nle in giving expression to my thoughts 
on this occaqion. To convey to you, Mr. Consul-Gen- 
eral, and through you to the Royal S ~ ~ e d i s h  Academy 
of Science my profound gratitude for  this great honor 
mould be giving expression to only a part of what is 
in my mind; for I am mindful that scientific achieve- 
ment is rooted in the past, is cultivated to full stature 
by many contemporaries and flourishes only in a faror- 
able environment. No individual is alone responsible 
fo r  a single stepping stone along the path of progress, 
and vhere the path is smooth progress is most rapid. 
I n  my own viork this has been particularly true. From 
the beginning of the Radiation Laboratory, I have bad 
the rare good fortune of being in the center of a 
group of men of high ability, enthusiastic and com-
pletely devoted to scientific pursuits. I wish it were 
possible this evening for me to pay tribute individually 
to them all, fo r  it \i7as our joint endeavors that made 
possible the work which has been so magnificently 
recognized by the Nobel award; but I must content 
myself with accepting this great honor v i th  the happy 
thought that  I am the representative of these valued 
associates and friends. 

I know also that I speak for my colleagues in the 
Radiation Laboratory as well as for  myself when I 
take this felicitous opportunity to acknowledge with 
sincere gratitude the generous help me have received 
from many sources. The day when the scientist, no 
matter how devoted, may make significant progress 
alone and without material help is past. This fact 
is most self-evident in our work. Instead of an attic 
with a few test-tubes, bits of mire and odds and ends, 
the attack on the atomic nucleus has required the 
development and construction of great instruments on 
an engineering scale. This has been possible only 
through generous assistance from several quarters- 
notably the Research Corporation, the Chemical Foun- 
dation, the Rockefeller Foundation and from the late 
William H. Crocker, regent of the university. These 
benefactors share the honor of this occasion because 

without their help the mork of our laboratory could 
not have been brought to its present fruition. 

I hare suggested that scientific progress requires a 
favorable environment. The University of California 
rightfully takes pride in the Nobel award because the 
university as a whole has contributed ilnmeasurably 
in diverse mays to the mork of the Radiation Labora- 
tory. I shall always be grateful for  the wise and 
generous guidance and help that our work has received 
from the University Board of Research, and especially 
from Professor Leuschner, chairman of the Research 
Board, in the early years of organization of the labo- 
ratory, and above all may I acknowledge my deep 
appreciation of the support of the president of the 
university, who whole-heartedly has been all along 
such a stimulus to our activities. I t  may truly be said 
that this Nobel award is yet another tribute to his 
great academic leadership. 

It is a source of gratification to us all that we have 
been able to contribute a little to our understanding 
of the nucleus of the atom. We are glad that already 
in these early beginnings discoveries have emerged of 
immediate practical significance-for, as Professor 
Birge has 50 graciously said this evening, the new 
radiations and radioactive substances have opened 
vistas for  all the sciences, especially in medicine. And 
in the Radiation Laboratory we count it  a privilege 
to do everything we can to assist our medical ool-
leagues in  the application of these new tools to the 
problems of human suffering. 

At  the same time we have been looking towards the 
new frontier in the atom, the domain of energies above 
a hundred million volts, for  me have every reason to 
believe that there lies ahead for  exploration a territory 
with treasures transcending anything thus f a r  un-
earthed. To penetrate this new frontier tvill require 
the building of a giant cyclotron, perhaps weighing 
more than 4,000 tons-twenty times larger than the 
new medical cyclotron of the Crocker Laboratory. W e  ' 
have been working on the deqigns of such a great 
instrument and are convinced that there are no insur- 
mountable technical difficulties in  the way of produc- 


