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Albert Einstein was an exceptional human being. 
Perhaps nothing reflects the breadth and scope of his 
brilliance, his interests, and his influence better than 
his publications—more than six hundred scientific 
papers, books, essays, reviews, and opinion pieces. 
Einstein began publishing in March 1901 with a scien-
tific work that appeared in the German journal Annalen 
der Physik when he was twenty-two; the last publication 
was an editorial in the journal Common Cause, which 
appeared a few months before his death_in 1955. In 
the fifty-four-year interval, his published work ranged 
widely over relativity theory and quantum physics, 
nationalism, Judaism, war, peace, and education. Indeed, 
Einstein's literary output was so abundant that even 
many of his most informed admirers are not familiar 
with all of it. 

The Einstein Almanac takes a look at Einstein's year-
by-year output, explaining his three hundred most 
important publications and setting them into the con-
text of his life, science, and world history. Concentrat-
ing primarily on Einstein's scientific and humanitarian 
writings, Alice Calaprice summarizes most of the 
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PREFACE 

The past exists only insofar as it is present in the records of today. And 

what those records are is determined by what questions we ask. There 

is no other history than t h a t . — J o h n Wheeler, 1982 

When looking at Albert Einstein's entire list of publica-
tions, one can't help but feel awe at the breadth and scope 
of his talents, interests, and involvements and, ultimately, 
his influence. Surely, no other scientist has been able to 
match such a legacy in the twentieth century. 

This book presents a concise summary of Einstein's 
life and of the times in which he lived, stressing the ma-
jor landmarks in physics and, within that context, giving 
a large sampling of his work. A reader can discover the 
influences and circumstances in Einstein's life that may 
have led to his immense contributions. The accident of 
the historical time into which Einstein was born allowed 
him to mature into adulthood during an era of exciting 
cultural and political changes. Other factors that influ-
enced his life were his family background and values and 
his ethnicity; the people he serendipitously encountered; 
his unique genetic makeup and personality; and, indeed, 
the scientists who came before him and made his discov-
eries possible. 

In the pages that follow, you'll find most of Einstein's 
publications, speeches, and contributions to his commu-
nity, the last of which he felt were paramount in anyone's 
life. Albert Einstein began his long list of publications 
with a scientific paper he had finished writing at the age 
of twenty-one. It was published in the German journal 
Annalen derPhysik in March igoi.The book closes with a 
nonscientific article for Common Cause in 1955. Such a be-
ginning and such an end seem appropriate, for Einstein 
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did his best science during the first half of his life—and 
some even say only in the decades between 1905 and 1925, 
when he was relatively young. His interests broadened as 
the events of the twentieth century paved the way for his 
increasing commitment to international political and so-
cial issues. 

In between these two papers we find an assortment 
of publications from one of the most multifaceted indi-
viduals of our time. Einstein's writings reveal his wide-
ranging interests and viewpoints. Fortunately for us, he 
was a man of many words and convictions, fearless and 
sometimes ruthless in expressing his ideas and opinions. 
He had something to say on everything from relativity 
and quantum theory to a "theory of living," from Ger-
man nationalism to liberal Judaism, from war to peace, 
from atheism to "cosmic religion," from lynching to the 
death penalty. 

For this book I have chosen only a representative se-
lection from his huge resume of more than six hundred 
diverse publications, concentrating mostly on his scien-
tific and humanitarian writings. In addition, I have in-
cluded a small sampling of the interviews he gave and 
the eulogies and tributes he wrote. He also participated 
in radio broadcasts and wrote book reviews, patent opin-
ions, and newspaper articles. Somehow, he also found 
time to write thousands of letters and a variety of state-
ments, aphorisms, and speeches that were not published 
but were later collected and printed in compilations such 
as Ideas and Opinions half a century ago and more fully 
in the ongoing series, The Collected Papers of Albert Ein-
stein. Some of these gems can be found in my Quotable 
Einstein books. 

To put these works into context, I am presenting them 
chronologically with descriptions of concurrent events 
in Einstein's personal life, the world in general, and the 
realm of physical science. I summarized the content of 
each paper whenever I was able to find information on it 
or had access to the book or article itself. 
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I thank the efficient and kind Osik Moses of the Ein-
stein Papers Project for taking the time to send me some 
articles from the Readex bibliography, which saved me 
hours of library work. I gratefully acknowledge the rig-
orous editing of the manuscript by Linda Forlifer of the 
Johns Hopkins University Press. I am also indebted to 
the anonymous reader of the manuscript for valuable 
suggestions, most of which I have tried to integrate into 
the text. 

The idea for this project came from Trevor Lipscombe, 
editor in chief at the Johns Hopkins University Press. 
I owe much to Trevor: he sponsored my first Einstein 
books, the popular The Quotable Einstein, followed by the 
Expanded Quotable Einstein, while he was physics editor 
at Princeton University Press, paving the way for my sub-
sequent Einstein publications, some still in progress at 
this writing. I dedicate this book to him and his family. I 
thank him for giving me the chance to put this almanac 
together as what I hope is an interesting exposition of the 
amazing life of an extraordinary man. 





A BRIEF EINSTEIN TIMELINE 
FOR THE Y E A R S 1879-1900 

1879 March 14: Albert Einstein was born in Ulm, Germany, 
to Jewish parents, Hermann and Pauline Koch Einstein. 
Scottish mathematical physicist James Clerk Maxwell, 
who unified electricity and magnetism into a single, co-
herent electromagnetic theory and who was a pioneer in 
the realm of the kinetic theory of gases, died this same 
year. Thomas Edison and Joseph W. Swan independent-
ly devised the first usable electric lights—the former in 
Menlo Park, New Jersey; the latter in Newcastle, Eng-
land. 

Edison patents an electric 

lamp. 

xi 
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Former slave Frederick Doug-

lass is an influential figure 

in America around the t ime of 

Einstein's birth. 

1880 The Einstein family moved to Munich. In France, Lou-
is Pasteur performed the first inoculation, on chickens 
against fowl cholera. 

1881 Einstein's sister, Maja, was born. Thinking that his par-
ents were presenting him with a new toy—perhaps a pull 
toy he had wanted—the two-year-old asked his parents 
where the wheels were. 

1884 Young Einstein's father showed him a compass, which 
fascinated the five-year-old, making him aware of forces 
that can't be seen. 

1885 In the fall, Einstein began his education at a Catho-
lic neighborhood school, the only Jew in his class. He 
received Jewish religious instruction at home and be-
came curious about religion, a subject that would fasci-
nate him throughout his life; he also began violin lessons. 
Louis Pasteur devised a rabies vaccine, and Darwin's half 
cousin, Sir Francis Galton, proved that each person's fin-
gerprints are unique. Danish physicist Niels Bohr, with 
whom Einstein would hotly debate quantum theory, was 
born. 

1886 Einstein discontinued his violin lessons, but the seven-
year-old continued to practice the instrument and also 
taught himself to play the piano. In the United States, 
Edison and Swan collaborated to produce "Ediswan" 
electrical lamps. 
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Civi l unrest follows 

the police shooting of 

unarmed laborers In 

Chicago (May 1886). 

1887 Ernst Mach developed the supersonic scale. The Ameri-
can physicists Albert Michelson and Edward Morley at-
tempted to measure the velocity of the earth through the 
"ether."Using an interferometer, an instrument designed 
to produce optical interference fringes (a series of taint, 
irregular, roughly parallel lines of different colors some-
times seen in clear insulating glass), they expected to see 
a shift in the fringes formed when the instrument was 
rotated through 90 degrees. This would show that the 
speed of light measured in the direction of the earth's ro-
tation is not identical to its speed at right angles to this 
direction. But they observed no shift. Later theorizing on 
this experiment would contribute to Einstein's work: An 
explanation by George F. Fitzgerald in 1892 and indepen-
dently by Hendrick A. Lorentz in 1895 showed that the 
"null" result could be explained by the shortening of an 
object along the direction of its motion as its speed ap-
proaches the speed of light, as measured by an observer at 
rest with respect to the object. This "Lorentz-Fitzgerald 
contraction" was an important step in the mathematical 
formulation of Einstein's special theory of relativity and 
relegated the ether to the history books. 

1888 German emperor Wilhelm I died in March. He was suc-
ceeded by his son Frederick III, who died in June and 
was then succeeded by his son Kaiser Wilhelm II. In the 
United States, Croatian American engineer Nikola Tes-
la, who invented the rotating magnetic field, the basis 
for most alternating-current machinery, built an electric 
motor, manufactured by Westinghouse. George Eastman 
perfected the Kodak box camera. Heinrich Hertz dem-
onstrated the wavelike properties of electromagnetic ra-
diation, decisively confirming Maxwell's theory of elec-
tromagnetism. His experiment led to the development of 
the wireless telegraph and radio. 

1889 At the age of ten, Einstein's interest in physics, math-
ematics, and philosophy began when a family friend, a 
university student who recognized Albert's intelligence 
and curiosity, introduced him to these subjects through 
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popular scientific and technical books. In April, an Aus-
trian couple welcomed their newborn son, Adolf Hitler. 

1890 Eleven-year-old Albert was able to prove the Pythago-
rean theorem, and he enjoyed working out difficult prob-
lems and puzzles. An influenza pandemic, originating in 
Asia, swept the globe, killing tens of thousands. 

1891 Pursuing readings on his own, Albert was now teach-
ing himself higher mathematics and calculus. In Italy, a 
young scientist, Guglielmo Marconi, began experiment-
ing with wireless telegraphy; his apparatus was based on 
the ideas of German physicist Heinrich Hertz, but he 
improved the design by grounding the transmitter and 
receiver and found that an insulated antenna enabled 
him to increase the distance of transmission. 

1892 While Einstein was becoming a good violinist and con-
tinued to read science books voraciously, the first auto-
matic telephone switchboard was developed. German 
engineer Rudolf Diesel, living in France, patented the 
internal combustion engine that bears his name. In 1913 
Diesel would vanish from a steamer bound for Lon-
don, and his body would be found ten days later, washed 
ashore. 

1893 American Henry Ford built a gas engine, and German 
engineer Karl Benz built the world's first inexpensive, 
mass-produced four-wheel car, the Velo, beginning a 
new era in personal transportation. Though the automo-
bile became indispensable to many people over the next 
half-century, Einstein never learned to drive, perhaps be-
cause others were willing to do it for him. The first pho-
toelectric cell was developed by Julius Elster and Hans 
Geitel. 

1894 Einstein's family moved to Italy; fifteen-year-old Albert 
stayed in Munich to finish school but was unhappy and 
quit, joining his family at the end of the year. His teach-
er had told him that he would never amount to anything 
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Deputies try to move an en-

: ine and car as railroad strikes 

i npple America in 1894. 

and that his presence undermined the whole class's re-
spect for the teacher. 

1895 Einstein attempted to enroll in the Federal Polytechnical 
School (the "Poly,"later the E T H , or Federal Institute of 
Technology) in Zurich two years early, but he failed the 
nonscientific part of the entrance exam and was urged 
to spend another year in secondary school. He did so in 
the village of Aargau, where he lived in the home of his 
headmaster. Later he would have fond memories of this 
year of his life. The Lumiere brothers, Louis and Auguste 
of France, invented a movie camera (cinematograph), a 
twelve-pound machine that effectively served as a cam-
era, projector, and printer all at once, and the first public 
film was shown in Paris. Wilhelm Roentgen discovered 
x-rays, and King C. Gillette invented the safety razor. 

1896 At the age of seventeen, Einstein relinquished his Ger-
man citizenship, with his father's consent, because he 
detested the country's obsession with regimentation in 
most aspects of life, and he remained stateless for the 
next five years. He entered the Poly in October. Upon the 
death of Swedish inventor and industrialist Alfred No-
bel, five annual Nobel Prizes were established—in phys-
ics, physiology and medicine, chemistry, literature, and 
peace, to be awarded beginning in 1901. Antoine Henri 
Becquerel discovered natural radioactivity, and Gugliel-
mo Marconi, at the age of twenty-two, patented a suc-
cessful system of radio telemetry. Ludwig Boltzmann 
provided what he felt was a reasonable basis for statis-

X V 
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tical mechanics, expressing entropy in terms of prob-
ability theory. Sigmund Freud, who would correspond 
with Einstein some thirty years later, used the word psy-
choanalysis for the first time in his paper, "The Etiology 
of Hysteria." Zionism, the national movement to return 
Jews to their homeland in Israel, was founded as a re-
sponse to anti-Semitism in western Europe and to vi-
olent persecution of Jews in eastern Europe. Einstein 
would later take an interest in Zionism and in the estab-
lishment of the state of Israel. 

1897 In college, Einstein preferred to spend time in the phys-
ics laboratory, immersing himself in self-study, and bor-
rowed lecture notes from classmates. J. J. Thomson dis-
covered electrons, the first truly indivisible particles. 

1898 In France, Pierre and Marie Curie discovered radium 
and polonium. Graf von Zeppelin, a German army of-
ficer, built his airship (the first "blimp"). The first pho-
tographs using artificial light were taken, and the first 
patent was given for a magnetic sound recording, the 
"telegraphone." Guglielmo Marconi successfully trans-
mitted wireless signals across the English Channel. 
While working in Canada, New Zealander Ernest Ruth-
erford reported on alpha and beta particles in uranium 
radiation and indicated some of their properties. The 
former were easily absorbed by matter; the latter were 
more penetrating. 

USS Maine in Havana Harbor, 

sunk at the beginning of the 

Spanish-American War 
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Br i :sh troops pose before en-

gaging in v ic ious battles dur ing 

the Boer War. 

1899 Einstein applied for Swiss citizenship and spent his 
summer vacation with his mother and sister in Switzer-
land. 

1900 At twenty-one, Einstein graduated from the Federal 
Polytechnical School and began a job search in Europe. 
At the same time, he began to work on problems in theo-
retical physics. Sigmund Freud published The Interpreta-
tion of Dreams, and F. E. Dorn discovered radar. 





he continent of Europe at the 

turn of the century 

SELECTED PUBLISHED PAPERS 
& COMMENTARY, 1901-1955 





901 At the turn of the century, Einstein had just graduated 
from the Swiss Federal Polytechnical School, the "Poly," 
in Zurich and was intensively looking for work. His care-
free student days were over. Though he had been a good 
student, he had not relished attending classes, prefer-
ring to study on his own—using source books such as 
those by Hermann von Helmholtz, Heinrich Hertz, and 
Ludwig Boltzmann—and to discuss the topics of the 
day with his close circle of freethinking friends. Con-
sequently, he now found it difficult to get favorable rec-
ommendations trom his teachers, who had found him 
somewhat arrogant, sharp-tongued, and cocky.The Poly 
had already turned down his application to become an 
assistant teacher for the fall semester. 

In 1896, Einstein, with his father Hermann's consent, 
had relinquished his German citizenship and moved to 
Switzerland to go to school. Einstein had long harbored 
an acute distaste for the authoritarian and military atti-
tudes of strict regimentation and discipline popularized 
under German chancellor Otto von Bismarck and Kai-
ser Wilhelm II. Now, five years later, he became a citizen 
of the more tolerant nation of Switzerland, "the most 
beautiful corner on Earth I know."Ironically, three weeks 
later he was required to register for the military, an obli-
gation he had sought to avoid in Germany. Fortunately 
for Einstein, however, he was declared unfit for military 
service due to flat feet, excessive foot perspiration (which 
may have led to his dislike of socks), and varicose veins. 
Instead of serving in the armed forces, he was required 
to make annual military tax payments. Einstein's sister, 
Maja, maintained that her brother wanted to become a 
Swiss citizen because he admired the nation's political 
system; however, he may also have wanted citizenship for 
the more utilitarian reason of becoming eligible for civil 
service positions, including teaching. 

During his early college years, Einstein had become 
romantically involved with fellow physics student Mileva 

3 
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Marie, a shy, bright, and intense young Serbian woman. 
Her noticeable limp, orthopedic boot, and moody dispo-
sition did not deter his feelings for her. Mileva was the 
daughter of an affluent Serbian landowner and judge in 
Novi Sad, a town in what was at that time a part of Hun-
gary. She was four years older than Albert. At age twenty-
two, after several years of courtship, he stated his inten-
tion to marry Mileva over his family's strong objections, 
especially his mother's. Mileva wrote to a friend in late 
1901 that Mrs. Einstein "seems to have set as her life's 
goal to embitter as much as possible not only my life but 
also that of her son... I would not have thought it pos-
sible that there could exist such heartless and outright 
wicked people!" 

In the spring, Albert continued to apply for positions 
as an assistant to Swiss, German, and Dutch physicists 
but to no avail. With no other prospects in sight, in May 
1901 he accepted a two-month position as a substitute 
teacher at the Technical School in the Swiss town of 
Winterthur, as he continued to be turned down for simi-
lar positions at other schools. For the fall semester, he ac-
cepted a temporary tutoring position at a private school 
in Schaffhausen and began work on a doctoral disserta-
tion on the molecular forces in gases. He submitted this 
thesis to the University of Zurich in November (at that 
time the Poly had no Ph.D. program) and waited for a 
decision. 

Adding to his anxieties, Mileva Marie had become 
pregnant with their child. Einstein, who at first seemed 
unperturbed by the impending event, realized soon 
enough that he was bereft of any means of support and 
hastily applied for a position at the Swiss Patent Office 
in Bern through arrangements made by the father of a 
school friend, Marcel Grossmann. Mileva had failed her 
final exams at the Poly for a second time and dropped out 
of school, returning home to Hungary to await the birth 
of her child. Einstein packed up his meager belongings 
and moved to Bern in optimistic anticipation of an offer 
of work from the Patent Office. 



The city of Bern when Einstein 

lived there 

w 

1 
foil, 

HILE THE YOUNG EINSTEIN was contemplating his bad 
luck that year, Italian inventor Guglielmo Marconi, on 
December 12, transmitted the first transatlantic wire-
less signals from Poldhu in Cornwall, England, to Saint 
John's in Newfoundland, Canada, a distance of twelve 
hundred miles. His system, radiating signals at about 
850 kHz, proved that wireless waves were not affected 
by the curvature of the earth. The great Italian physicist 
Enrico Fermi, who would later develop the first nuclear 
pile at the University of Chicago, was born, and German 
physicist Max Planck devised quantum theory, in which 
he introduced the concept that energy existed in discrete 
units, called quanta. 

The Nobel Prizes were awarded for the first time this 
year. The first Nobel Prize in physics was awarded to 
Germany's Wilhelm Roentgen in recognition of his dis-
covery of the radiation subsequently named after him 
(also known as x-rays). The chemistry prize went to Ja-
cobus van't Hoff of the Netherlands for discovering the 
laws of chemical dynamics and of the osmotic pressure 
in solutions. 

" C o n c l u s i o n s D r a w n f r o m t h e P h e n o m e n a of C a p i l l a r i t y " ( F o l g e r u n g e n a u s den C a p i l l a r -

i t a t s e r s c h e i n u n g e n ) . Annalen der Physik, ser. 4 ( 1 9 0 1 ) : 5 1 3 - 5 2 3 . 

E instein dated his first publ icat ion December 13 , 1 9 0 0 , t h o u g h it was not published u n t i l the 
owing March. Using both t h e r m o d y n a m i c and molecular -theoret ical methods, he examined 

the nature of intermolecular forces in the specific phenomena of capi l lar i ty in neutral l iquids. 



Einstein's first child, daughter Lieserl, was born out of 
wedlock (probably in January) to Mileva, who had re-
turned to her parents' home in Novi Sad to give birth. 
Einstein was not present for the birth, nor did he ever see 
his daughter. Indeed, Lieserl's story is shrouded in mys-
tery. Her parents presumably gave her up for adoption or 
asked family or friends to care for her, and she may have 
died of scarlet fever around the age of two. Except for 
mentions of Lieserl in correspondence between Albert 
and Mileva before her birth and until the age of one and 
a half, investigators have been unable to find any record 
of her—no birth or death certificate—as if the baby girl 
had never existed. It is possible that public knowledge of 
the illegitimacy might have cost Einstein the civil service 
job he was seeking. 

Probably on the advice of his thesis supervisor, Al-
fred Kleiner, Einstein withdrew his doctoral dissertation 
from the University of Zurich in February because the 
faculty considered it controversial and his ideas could not 
be proven experimentally. Discouraged and sullen about 
this latest setback, he accepted a provisional position at 
the Patent Office in Bern. He began his civil service ca-
reer in June as a "technical expert third class" examining 
electrical patents. It was in Bern, where he continued to 
live for seven years, that Einstein, finally freed from eco-
nomic worries, would spend the most creative years of 
his life. 

A series of business failures had weakened Hermann 
Einstein's earlier robust health. In October, Albert rushed 
to his father's side in Milan, where Hermann died of a 
heart condition after a brief illness. 

HENRI POINCARE, in La Science et I'hypothese, noted that it 
does not matter whether the ether exists. "What is essen-
tial for us is that everything happens as if it existed... It is 
only a convenient hypothesis... Some day, no doubt, the 
ether will be thrown aside as useless." 

6 

1902 



Selected Published Papers and Commentary, 1905 7 

Bertrand Russell found the "ultimate paradox," the set 
S of all sets which do not contain themselves. If S does 
contain itself, he maintained, then it cannot belong to the 
set of all sets which do not contain themselves. So S does 
not contain itself. On the other hand, if S does not con-
tain itself, then it must belong to the set of all sets that do 
not contain themselves, so it does contain itself. In a letter 
to mathematician Gottlieb Frege in June, Russell devas-
tated Frege's work on building up numbers from sets, on 
which Frege had worked since 1879. 

The Nobel Prize in physics was awarded jointly to 
Hendrijk A. Lorentz and Peter Zeeman of the Nether-
lands for their research into the influence of magnetism 
on radiation phenomena. In the presence of a magnet-
ic field, the energy levels of an atom are altered. Ein-
stein became a great admirer of Lorentz, both personally 
and intellectually, calling him "a living work of art." The 
chemistry prize was awarded to Emil Fischer of Germa-
ny for his work on sugar and purine syntheses. 

2 "On t h e T h e r m o d y n a m i c T h e o r y of t h e P o t e n t i a l D i f f e r e n c e b e t w e e n Metals a n d F u l l y 

• D i s s o c i a t e d S o l u t i o n s of T h e i r S a l t s a n d on an E l e c t r i c a l M e t h o d for I n v e s t i g a t i n g M o -

lecular Forces" (Ueber d i e t h e r m o d y n a m i s c h e T h e o r i e der P o t e n t i a l d i f f e r e n z z w i s c h e n Met-

al len und v o l l s t a n d i g d i s s o c i i r t e n L o s u n g e n ihrer S a l z e u n d i iber e i n e e l e k t r i s c h e M e t h o d e 

zur E r f o r s c h u n g der M o l e c u l a r k r a f t e ) . Annalen der Physik 8 ( 1 9 0 2 ) : 7 9 8 - 8 1 4 . 

E instein discussed t h e c o n d i t i o n s for the v a l i d i t y of t h e second law of t h e r m o d y n a m i c s , 

which became s igni f icant for his later work. 

3 " K i n e t i c T h e o r y o f T h e r m a l E q u i l i b r i u m a n d of t h e S e c o n d Law of T h e r m o d y n a m i c s " 

• ( K i n e t i s c h e T h e o r i e des W a r m e g l e i c h g e w i c h t e s u n d des z w e i t e n H a u p t s a t z e s der T h e r -

m o d y n a m i c . Annalen der Physik 9 ( 1 9 0 2 ) : 4 1 7 - 4 3 3 . 

Intending to complete the mechanica l foundat ions of t h e "general t h e o r y of heat," E inste in 

here provided the keystone in a c h a i n of der ivat ions already begun by Ludwig Boltzmann. 

The child at right was thought 

for a time to be Lieserl. 



Albert and Mileva E i n s t e i n 

in Bern 

Einstein started the new year by getting married. H e 
and Mileva tied the knot in Bern on January 6 in a sim-
ple civil ceremony with two wedding guests, Einstein's 
friends Maurice Solovine and Conrad Habicht, in atten-
dance. T h e couple began to make their home together in 
one of the six apartments they would inhabit during their 
seven years in the Swiss capital. 

Bern was a lively and lovely town, with clusters of in-
tellectuals and students gathering in various cafes and 
homes. T h e newlyweds fit right in. Einstein's need to ex-
press himself freely and mingle socially had already mo-
tivated him, Solovine, and Habicht to form what they 
mockingly called their "Olympia Academy," a discussion 
group to which they would occasionally invite one or two 
other friends. This small gathering informally discussed 
the important scientific and intellectual topics of the day 
while socializing, sometimes boisterously. T h e young 
people debated the philosophical works of Karl Pear-
son, David Hume, Ernst M a c h , Georg Riemann, Baruch 
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Spinoza, and Henri Poincare, often well into the night. 
Mileva was part of the group but remained more a quiet 
listener than an active participant. Einstein was still try-
ing to find a better job, which was complicated, according 
to Mileva, by his sharp tongue and being a Jew. She wrote 
a friend that both of them would even consider teaching 
German in Budapest it such positions became available. 

In September, while Mileva visited her family in Novi 
Sad, Lieserl came down with scarlet tever. At that time, 
Einstein wrote to Mileva, asking her how Lieserl was 
registered, though it is not clear what he meant by "how" 
(als was). Although her birth or baptism may have been 
registered somewhere, no record ot either has ever been 
found. After this time, neither Albert nor Mileva ever 
mentioned their daughter again in any surviving corre-
spondence. 

In the fall, a year and a half after Lieserl's birth, Mileva 
wrote Albert from Hungary that she was pregnant again. 
He wrote back saying he was happy to hear the news and 
was eagerly awaiting her return home. 

Einstein gave his first scientific presentation, "Theory 
of Electromagnetic Waves,"to an association of scientists 
in Bern in December. And it was perhaps during this 
year that he began to think about a new topic for a doc-
toral dissertation. 

THE ART AND SCIENCE of transportation was moving for-
ward in America. Most famously, Orville and Wilbur 
Wright, two bicycle makers from Ohio, launched the 
first successful manned flight in a motorized airplane. 
Orville was in the pilot's seat in Kitty Hawk, North Car-
olina, a small town with the best winds for the occasion. 
The flight lasted a mere twelve seconds and covered only 
a hundred feet from start to finish, though the ups and 
downs in the air made the journey equivalent to 540 feet. 

Earlier in the year, a newly built Packard Model F 
prototype car had already proved it could go much far-
ther. The cross-country road test, on the unpaved roads 
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of a disconnected "highway" system, took fifty-two days 
from San Francisco to New York City. The same year, 
Henry Ford founded the Ford Motor Company as the 
largest car manufacturer in the world and introduced his 
Model A. 

In Europe, Russian physicist K. E. Tsiolkovsky, after 
building an aeronautical wind tunnel, introduced far-
reaching ideas about space travel, including the multi-
stage rocket. Dutch physiologist Wilhelm Einthoven 
invented the string galvanometer, which allowed him to 
manufacture the electrocardiogram—a graphic record of 
the beating heart. 

Marie and Pierre Curie shared the Nobel Prize in 
physics with French physicist Henri Becquerel, the lat-
ter for his discovery of spontaneous radioactivity and 
the former for their research on the radiation phenom-
ena discovered by Becquerel. The chemistry prize was 
awarded to Svante Arrhenius of Sweden for his electro-
lytic theory of dissociation. 

4 "A T h e o r y o f t h e F o u n d a t i o n s o f T h e r m o d y n a m i c s " ( E i n e T h e o r i e der C r u n d l a g e n der 

• T h e r m o d y n a m i k ) . Annalen der Physik, ser. 4 , 1 1 ( 1 9 0 3 ) : 1 7 0 - 1 8 7 . 

E inste in showed that the concepts of temperature and e n t r o p y fol low from the assumpt ion 

of the energy pr inciple and a t o m i c theory. He required only the f o u n d a t i o n s of atomic phys ics 

but no other physical hypotheses. 

The Wright brothers take 

flight in Kitty Hawk, North 

Ca rolina. 



On May 14, Albert and Mileva's first son, Hans Albert, 
was born, and Einstein became a family man at the age 
of twenty-five. His professional life began to improve 
when, in September, the provisional appointment as pat-
ent clerk at the Patent Office in Bern became permanent 
and he received a small raise. He became an expert on 
evaluating electrical gadgets and helped his friend Mi-
chele Besso, a mechanical engineer six years his senior, 
also secure a job at the Patent Office. Besso became Ein-
stein's close and lifelong friend and correspondent, one 
whom Einstein admired greatly for his personal quali-
ties. 

IN T H E UNITED S T A T E S , the first railroad tunnel was ex-
cavated under the North (now Hudson) River between 
Manhattan and New Jersey, and the Broadway subway 
opened, enabling New Yorkers to live farther from work 
and easing the congestion of the Lower East Side. 

In Latin America, work began on the Panama Canal, 
and W. C. Gorgas, an army physician and sanitation ex-
pert, succeeded in controlling yellow fever in the Canal 
Zone through mosquito-eradication measures. 

The Nobel Prize in physics was awarded to Lord Ray-
leigh (John William Strutt) of the United Kingdom for 
his investigations of the densities of the most important 
gases and for his discovery of argon. The Nobel Prize in 
chemistry was given to Sir William Ramsay, also of the 
United Kingdom, for discovering the inert gaseous ele-
ments in air, such as helium, neon, and krypton, and de-
termining their place in the periodic table. 

(Z "On the General Molecular T h e o r y of Heat" (Zur a l l g e m e i n e n molekularen Theor ie der 

W a r m e ) . Annalen der Physik 1 4 ( 1 9 0 4 ) : 3 5 4 - 3 6 2 . 

The culmination of Einstein's efforts to generalize and extend the foundations of statist ical 

phys ICS, this was his last paper devoted exclusively to the subject. 
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Einstein in Bern, Switzerland 

The year 1905, Einstein's annus mirabilis, or miracle year 
in terms of his contributions to physics, established him, 
at the age of twenty-six, as the world's leading physi-
cist. He not only published five important papers but 
also found time to write twenty-three review articles for 
journals. He accomplished all of this on his own time 
after coming home from the Patent Office, a remark-
able achievement for someone not yet in the halls of aca-
demia. Despite being outside the academic world, he had 
no trouble gaining prominence in the world of physics 
with his innovative and sometimes controversial contri-
butions to the field. Many scholars think that it is pre-
cisely because Einstein was unencumbered by the trap-
pings and long hours of academic life that he had the 
time to think and write clearly and creatively. 

Based on a letter from Einstein to Mileva in which he 
makes a reference to "our work," some historians have 
suggested that Mileva was Einstein's collaborator in his 
scientific research. No hard evidence exists for this claim, 
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however. It is known that Albert would run his ideas 
by her and that she would listen, make suggestions, and 
probably proofread his papers and point out inconsis-
tencies. But when one evaluates her own background in 
Einstein's field of concentration, it seems unlikely that 
she was a creative force behind his work. 

In late summer, Einstein took Mileva and Hans Albert 
on an excursion to Belgrade and Novi Sad to visit Mile-
va's family and introduce their son to them. 

WHILE EINSTEIN was breaking new ground in physics, set-
tling into fatherhood, and getting used to having a steady 
job in Bern, Sigmund Freud in Vienna startled the world 
with his Three Contributions to the Theory of Sex, a land-
mark study examining sexual aberrations, infantile sexu-
ality, and the transformations of puberty. Three decades 
later, Freud and Einstein would have a lively exchange 
of letters and collaborate on writing a pamphlet, "Why 
War?" Einstein wrote to a friend that Freud often had an 
"exaggerated faith in his own ideas." Once, when he was 
invited to undergo Adlerian psychotherapy, Einstein said 
that he preferred to remain "in the darkness" and unana-
lyzed. 

In America, the Mount Wilson Observatory was 
completed near Pasadena in California. Twenty-six years 
later, in 1931, Einstein would visit the observatory where 
Nobel laureate Albert A. Michelson had measured stel-
lar diameters and the speed of light. In 1905 Edmund B. 
Wilson discovered that the X chromosome is linked to 
the gender of the bearer, and Svante Arrhenius showed 
his prescience by expressing concern that large-scale 
burning of fossil fuels might result in global warming. 

The Nobel Prize in physics went to Philipp Lenard of 
Germany for his work on cathode rays. Although Ein-
stein and Lenard had professional respect for each other 
early in the century, Lenard later became a staunch Nazi 
and anti-Semite and, in his book German Physics (1936), 
denounced Einstein's "Jewish physics" and relativity the-
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Theodore Roosevelt's inaugural 

parade 

ory."In contrast to the intractable and solicitous desire for 
truth in the Aryan scientists, the Jew lacks to a striking 
degree any comprehension of truth," he wrote. Einstein 
considered Lenard's objections to his theory to be super-
ficial and not worthy of a reply. Also awarded a Nobel 
Prize, in chemistry, was Adolf von Baeyer, also of Germa-
ny, for his work in organic chemistry and on organic dyes 
and hydroaromatic compounds. 

6 "On a H e u r i s t i c P o i n t o f V i e w C o n c e r n i n g t h e P r o d u c t i o n a n d T r a n s f o r m a t i o n of L ight" 

• (Uber e i n e n d i e E r z e u g u n g u n d V e r w a n d l u n g des L i c h t e s betreffenden h e u r i s t i s c h e n 

G e s i c h t s p u n k t ) . Annalen der Physik 1 7 ( 1 9 0 5 ) : 1 3 2 - 1 4 8 . 

E inste in expounded on the peculiar d iscrepancy between mater ia l bodies and radiat ion and; 

introduced the concept of l ight quanta, or photons, prov id ing the basis for m u c h of the lat-

er work in q u a n t u m theory, especial ly Bohr's theory of t h e a t o m . Chal lenging the wave theory 

of l ight , E inste in showed t h a t e lectromagnet ic radiat ion interacts w i t h matter as i f the radia-

t ion has a granular structure (the so-called photoelectric effect) . He determined that a massless 

q u a n t u m of l ight , the photon, would have to impart the energy required according to Planck's 

radiat ion law to break t h e attract ive forces holding the electrons in the metal. T h i s theory was 

one of the milestones in t h e development of q u a n t u m m e c h a n i c s , making E inste in the foremost 

pioneer in the field and opening the world of q u a n t u m physics . T h e first of the five great papers 

he published in 1 9 0 5 , it earned h i m the Nobel Prize in phys ics s ixteen years later. 

7 "A New D e t e r m i n a t i o n of M o l e c u l a r D i m e n s i o n s " ( E i n e neue B e s t i m m u n g der M o l e k u l -

• d i m e n s i o n e n ) . Dated A p r i l 3 0 , 1 9 0 5 , but not p u b l i s h e d u n t i l t h e f o l l o w i n g year. Bern: 

W y s s , 1 9 0 6 . Also s l i g h t l y rev ised in Annalen der Physik 1 9 ( 1 9 0 6 ) : 2 8 9 - 3 0 5 . 

Th is d o c u m e n t is Einstein's doctoral d issertat ion, resubmitted in the spring of 1 9 0 5 after he 

w i t h d r e w his f irst submiss ion in 1 9 0 2 . Here he c o m b i n e d the techniques of classical t h e r m o d y -
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namics w i t h those of the t h e o r y of d iffus ion to create a new method for d e t e r m i n i n g molecular 

sizes. He wanted to discover facts t h a t would establ ish once and for all the existence of a t o m s 

of a specific finite s ize, s ince at the turn of the c e n t u r y t h e atom's existence was sti l l in c o n t e n -

tion. After he s u b m i t t e d his copy of t h e thesis to the U n i v e r s i t y of Z u r i c h , his pet i t ion to re-

ceive the doctorate was approved. 

8 "On t h e M o t i o n of S m a l l Part ic les S u s p e n d e d i n L i q u i d s at Rest Required by t h e M o -

• l e c u l a r - K i n e t i c T h e o r y o f Heat" (Uber d ie v o n der m o l e k u l a r k i n e t i s c h e n T h e o r i e der 

Warme geforderte B e w e g u n g v o n i n r u h e n d e n F l u s s i g k e i t e n s u s p e n d i e r t e n T e i l c h e n ) . Annal-

en der Physik 1 7 ( 1 9 0 5 ) : 5 4 9 - 5 6 0 . 

For the first t i m e , E inste in discussed Brownian m o t i o n , the irregular m o v e m e n t of micro-

scopic particles suspended in a l iquid, w h i c h was named after the e i g h t e e n t h - c e n t u r y Scott ish 

botanist who first observed it . As E inste in explained in a letter to his fr iend Conrad H a b i c h t on 

May 25, he proved in t h i s paper t h a t particles about 1 / 1 0 0 0 mi l l imeter in d iameter suspend-

ed in l iquids and too small to see move randomly because of thermal d y n a m i c s . By i n v e r t i n g 

Boltzmann's formula, E inste in described its m a t h e m a t i c s , d e r i v i n g the probabi l i ty of a m a c r o -

scopic state for the d i s t r i b u t i o n of gas molecules. T h i s paper led to experiments v a l i d a t i n g t h e 

kinetic-molecular t h e o r y of heat. To date, this is Einstein's most -c i ted paper. 

9 "On t h e E l e c t r o d y n a m i c s of M o v i n g Bodies" ( Z u r E l e k t r o d y n a m i k bewegter K o r p e r ) . 

• Annalen der Physik 1 7 ( 1 9 0 5 ) : 8 0 1 - 9 2 1 . 

This landmark in the development of physics, one of the t w o papers that laid out t h e t h e o r y 

of special re lat iv i ty (the other is no. 1 0 ) , formulated a new concept ion of t i m e . By a s s u m i n g 

that the speed of l ight is t h e same to every observer m o v i n g at a constant velocity, E inste in 

showed that space and t i m e were not independent: spacet ime was born. According to H e r m a n n 

Weyl in 1918, th is t h e o r y "led to the discovery that time is associated as a fourth coordinate 

on an equal foot ing w i t h the other three coordinates of space, and t h a t the scene of mater ia l 

events, the world, is therefore a four -d imens ional , metr ica l c o n t i n u u m . " It was a revolut ionary 

piece of scientif ic work. 

Einstein's explorat ion of the nature of s i m u l t a n e i t y and expression of the necessity of defining 

s imultaneity led to widespread discussion of the " c o n v e n t i o n a l i t y of s i m u l t a n e i t y " in the phi -

losophy of science, w h i c h is sti l l a hot topic today. 

Hen ri Poincare, also in 1 9 0 5 , obta ined, independent ly from E i n s t e i n , m a n y of the results of 
t h e special theory. 

1 I I " D ° e s t ' 1 e I n e r t i a o f a B o d y Depend o n Its E n e r g y C o n t e n t ? " (1st d ie T r a g h e i t e i n e s 

* " • Korpers v o n s e i n e m E n e r g i e i n h a l t a b h a n g i g ? ) . Annalen der Physik 1 8 ( 1 9 0 5 ) : 6 3 9 - 6 4 1 

Using the postulates of the special theory of relat iv ity, E inste in showed that energy radiat-
e d is equivalent to mass lost, w h i c h would eventual ly lead to the famous equat ion E = mc2. He 
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considered the,conservat ion of energy of a radiat ing body in a system at rest and in a system in 

uniform motion relative to i t . For the first t ime he concluded t h a t "the mass of a body is a mea-

sure of its energy c o n t e n t . " T h e special theory of re lat iv i ty paved the w a y for a deeper apprecia-

t ion of s y m m e t r y cr i ter ia in phys ics and introduced new v i e w s on space and t i m e , yet it took 

twenty- f ive years for exper imental evidence in its favor to emerge. E inste in credited Gal i leo, 

Isaac Newton, James Clerk Maxwell , and H. A. Lorentz for lay ing the foundat ion for the theory. 

In January, Einstein formally received his doctorate from 
the University of Zurich. Two months later, he was pro-
moted to a higher-rank clerk in the Patent Office in rec-
ognition of his ability to analyze difficult patent applica-
tions, and his salary also took a jump. By this time, the 
small but lively Olympia Academy had disbanded be-
cause its members had moved to distant places, and Ein-
stein deepened his friendships with other Bernese resi-
dents, such as his sister Maja's fiance, Paul Winteler, and 
Michele Besso. 

After his year of miracles, Einstein eagerly waited for 
reactions to his publications. Some of the most eminent 
physicists of the day, such as Nobelist H. A. Lorentz and 
future Nobelist Max Planck, understood and appreci-
ated the revolutionary implications of his work. Einstein 
admired Planck greatly, calling him "one of the finest 
persons I have ever known." Tongue in cheek, Einstein 
added, "but he really did not understand physics, because 
during the eclipse of 1919 he stayed up all night to see if 
it would confirm the bending of light by the gravitation-
al field. If he had really understood the general theory of 
relativity, he would have gone to bed the way I did." He 
credited Planck's support of his theory for attracting the 
notice'of colleagues in the field so quickly. 

Physicists sought Einstein out for scientific discus-
sions, and he expanded his circle of colleagues through-
out Europe, pushing Mileva more into the background 
as physics became increasingly important to his career 
and happiness. For the next few years, to convince his 
critics of the validity of his theory, he concentrated on 
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Earthquake and fire ravage 

San Francisco. 

publishing papers to elaborate his ideas. Still, Einstein 
was an attentive family man at this time and especially 
doted on Hans Albert. Mileva and the little boy went to 
Hungary to spend some time with her parents. 

IN AMERICA, the city of San Francisco suffered a destruc-
tive earthquake and subsequent fire, resulting in seven 
hundred deaths and hundreds of millions of dollars in 
property damage. A more devastating earthquake, not 
as well known, ravaged Valparaiso, Chile, killing twenty 
thousand. 

Walther Nernst, the German physical chemist and 
physicist who would win the Nobel Prize in chemistry 
in 1920, stated a new tenet, often called the third law of 
thermodynamics: if a chemical change takes place be-
tween substances that are at absolute zero, there is no 
change in entropy. 

Roald Amundsen traversed the Northern Passage and 
established the magnetic North Pole, and Thomas Edi-
son invented the "cameraphone," which would synchro-
nize a phonograph and projector for motion pictures 
with sound. Frederick Hopkins noticed that "accesso-
ry food factors," later called vitamins, were essential to 
growth in rats. In France, Marie Curie was appointed 
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to her deceased husband and co-Nobelist's position and 
became the first female professor at the Sorbonne in 
Paris. Though Einstein admired Curie, behind her back 
he confessed that he found her "very intelligent but as 
cold as a herring." 

J.J.Thomson ofEngland was awarded the Nobel Prize 
in physics for his theoretical and experimental investiga-
tions on the conduction of electricity by gases, and Henri 
Moisson of France won the prize for chemistry for his 
investigation and isolation of the element fluorine and 
for applying to scientific investigations the electric fur-
nace named after him. 

n"On t h e T h e o r y o f B r o w n i a n M o t i o n " ( Z u r T h e o r i e der B r o w n s c h e n B e w e g u n g ) . An-

• nalen der Physik 1 9 ( 1 9 0 6 ) : 3 7 1 - 3 8 1 . 

Here E instein presented his earlier ideas on Brownian m o t i o n in more elegant form, adding 

two new appl icat ions: the vert ical d i s t r i b u t i o n of a suspension under the inf luence of grav i ta -

t ion and a calculat ion for a Brownian rotational m o v e m e n t for a rotat ing solid sphere. Jean Per-

rin's experiments on the former would w i n him the Nobel Prize in 1926. 

"The P r i n c i p l e o f C o n s e r v a t i o n of M o t i o n o f t h e C e n t e r o f G r a v i t y a n d t h e I n e r t i a of 

• E n e r g y " ( D a s P r i n z i p v o n der E r h a l t u n g der S c h w e r p u n k t s b e w e g u n g und d i e T r a g h e i t 

der E n e r g i e ) . Annalen der Physik 2 0 ( 1 9 0 6 ) : 6 2 7 - 6 3 3 . 

In an ingenious t h o u g h t exper iment involv ing energy transport in a hollow cyl inder, E inste in 

returned to the re lat ionship between inert ial mass and energy, g i v i n g more general arguments 

for their complete equivalence. 

Einstein's work was now being discussed seriously by the 
most prominent physicists in Europe. In June, however, 
when he applied for a postdoctoral position at the Uni-
versity'of Bern, his application was turned down because 
he did not submit the requisite unpublished thesis (Ha-
bilitationsschrift). In its place he had sent the search com-
mittee a bundle of his already published papers, feeling 
that these should suffice. 

In the fall, after contemplating why relativity seemed 
to apply to almost every physical phenomenon except 
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gravity, he formulated the principle of equivalence for 
uniformly accelerated mechanical systems. While sitting 
in the Patent Office, he suddenly realized that, if a person 
were in a free fall, he would not feel his own weight. Be-
cause everything falling with the person falls at the same 
rate, there is no way to tell that he is in a gravitational 
field—there is no reference point. Einstein concluded 
that the person could assume that he was at rest and ev-
erything around him was being pulled upward—that is, 
gravity seemed to be relative. This idea, after he thought 
about it more deeply, would lead Einstein on the path 
to the theory of general relativity. He called it "the hap-
piest thought of my life." At this time, Einstein also be-
came interested in the unexplained motions of the planet 
Mercury. 

THE AMERICAN ENGINEER George W. Goethals was ap-
pointed to direct the construction of the Panama Canal. 

The Nobel Prize in physics was awarded to the Amer-
ican Albert Michelson for his optical precision instru-
ments and the spectroscopic and metrological investiga-
tions carried out with their aid. Einstein would later say 
that he thought of Michelson as "the artist in science. 
His greatest joy seemed to come from the beauty of the 
experiment itself and the elegance of the method em-
ployed."The chemistry prize went to Eduard Buchner of 
Germany for his biochemical research and his discovery 
of cell-free fermentation. 

"Planck's T h e o r y o f R a d i a t i o n a n d t h e T h e o r y o f S p e c i f i c Heat" (Die P l a n c k s c h e T h e -

• or ie der S t r a h l u n g u n d d ie T h e o r i e der s p e z i f i s c h e n W a r m e ) . Annalen der Physik 2 2 
(1907): 

180—190. 
I n the first paper he wrote on t h e q u a n t u m theory of sol ids, E inste in made a d e d u c t i o n of 

Planck's radiat ion formula and systemat ica l ly introduced probabi l i ty factors in the m a t h e m a t -
l c s ° f q u a n t u m theory. About three months later, he publ ished a short erratum on the paper. A 
c 'assic paper, it offered a complete explanation for the specific heat of solids from absolute zero 
t 0 a bove room temperature. 
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M"On t h e L i m i t o f V a l i d i t y o f t h e Law of T h e r m o d y n a m i c E q u i l i b r i u m a n d o n t h e Pos 

• s i b i l i t y o f a N e w D e t e r m i n a t i o n of t h e E l e m e n t a r y Q u a n t a " (Uber d i e GLi l t igkei l 

des Satzes v o m t h e r m o d y n a m i s c h e n G l e i c h g e w i c h t und uber d i e M o g l i c h k e i t e i n e r neuer 

B e s t i m m i n g der E l e m e n t a r q u a n t a ) . Annalen der Physik 22 ( 1 9 0 7 ) : 5 6 9 - 5 7 2 . 

E inste in used the t h e r m o d y n a m i c approach to f luctuat ions in Brownian mot ion to predict 

voltage f luctuat ions in condensers. To test his theory, he needed a new, h i g h l y sensit ive instru-

m e n t — m o r e sens i t ive t h a n the avai lable electrometers, w h i c h could measure to a few thou-

sandths of a volt . E inste in designed it , had it bui lt , and famously called it his Maschinchen (little 

machine) . He toyed w i t h t h e idea of patent ing it but then d ismissed the notion when manufac-

turers showed l ittle interest . Instead, he decided to publ ish a paper on the basic features of hi; 

machine the fol lowing year. 

" T h e o r e t i c a l R e m a r k s on B r o w n i a n M o t i o n " ( T h e o r e t i s c h e B e m e r k u n g e n uber die 

• B r o w n s c h e B e w e g u n g ) . Zeitschrift fur Elektrochemie und angewandte physikalische Chemif 

1 3 ( 1 9 0 7 ) : 4 1 - 4 2 . 

E inste in attempted to make the fundamental features of his t h e o r y accessible to readers who 

had only a moderate background in mathemat ics . He discussed some pecul iar it ies of the statisj 

t ical mot ion of particles suspended in a f luid that can hamper exper imental ver i f icat ion. 

"On t h e I n e r t i a o f E n e r g y Required b y t h e R e l a t i v i t y Pr inc ip le" (Uber d ie v o m Relativ-

• i t a t s p r i n z i p g e f o r d e r t e T r a g h e i t der E n e r g i e ) . Annalen der Physik 23 ( 1 9 0 7 ) : 3 7 1 - 3 8 4 . 

As in paper 12 above, E i n s t e i n discussed the relat ionship between inert ia l mass and energy, 

arguing for their complete equivalence, namely, t h a t every mass has an equivalent energy just 

as every form of energy has an equivalent mass. T h i s relation says that a photon can convert 

into matter w i t h the appropriate mass, and vice versa. He deduced the exact expression for the 

equivalence of mass and energy, his celebrated equat ion E = mc2. He also returned to the ques: 

t ion of the i m p o s s i b i l i t y of super luminal velocit ies. 

n" 0 n t h e R e l a t i v i t y P r i n c i p l e a n d t h e C o n c l u s i o n s D r a w n f r o m It" (Uber das R e l a t i v i t a t -

• s p r i n z i p und d i e a u s d e m s e l b e n g e z o g e n e n F o l g e r u n g e n ) . Jahrbuch der Radioaktivitat 

und Elektronik 4 ( 1 9 0 7 ) : 4 1 1 - 4 6 2 . E i n s t e i n p u b l i s h e d some c o r r e c t i o n s to t h e paper t h e fol-

l o w i n g y e a r in v o l . 5 ( 1 9 0 8 ) : 9 8 - 9 9 . 

In this review art ic le on relat iv ity, E inste in s u m m a r i z e d t h e results of some of his earl ier pa' 

pers on the theory of relat iv ity, somet imes s i m p l i f y i n g his earl ier proofs. It covered relat iv ist ic 

k inemat ics , opt ics, e lectromagnet ic theory, and the re lat iv ist ic d y n a m i c s of a particle and of 

an extended system. He proved that a body's inert ial and g r a v i t a t i o n a l masses are equal to the 

same q u a n t i t y E/c2 and therefore should be considered precisely equal to each other. T h i s result 

would be a steppingstone to the 1 9 1 5 theory on general re lat iv ity. 



Einstein finally submitted the required thesis (which still 
remains unpublished because it was apparently discard-
ed) that would qualify him for a lecturer's position at the 
University of Bern. He was hired the month after its sub-
mission, delivered his inaugural lecture at the university 
on February 27, and commenced his teaching duties in 
late April, with a course on the molecular theory of heat. 
After the course ended in late July, he headed to the Ber-
nese mountains for a vacation with Mileva and Hans Al-
bert. 

Throughout the year, Einstein, his friends the Habicht 
brothers, and to some extent Mileva were intensely in-
volved with continuing experiments on his Maschinchen, 
for which they eventually received a patent. He contin-
ued to enjoy tinkering with gadgets and solving puzzles 
all his life. When the winter semester began in October, 
he was assigned to teach a course on the theory of radia-
tion. At the end of the year, his sister Maja was awarded 
a doctorate in romance languages from the University 
of Bern. 

HERMANN MINKOWSKI took Einstein's algebraic expres-
sion of the special theory of relativity and geometrized 
it, combining space and time into a four-dimensional 
continuum; he thereby provided a framework for all fu-
ture work in relativity. In California, George Ellery Hale 
and his team completed installing the sixty-inch reflect-
ing telescope at Mount Wilson. Robert Millikan, whom 
Einstein would meet later at the California Institute of 
Technology in Pasadena, determined the probable mini-
mum unit of an electrical charge, or the electron (or "beta 
particle,"as the electron was called at that time). He later 
coined the term cosmic rays. 

Two of Einstein's future friends, German chemist 
Fritz Haber and Dutch physicist Heike Kamerlingh 
Onnes, synthesized ammonia and liquefied helium, re-
spectively. Haber's synthesis of ammonia eventually led 
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to the Oppau and Leuna Ammonia Works, which en-
abled Germany to prolong World War I after its supply 
of nitrogen for making explosives ran out in 1914. Both 
Kamerlingh Onnes and Haber became Nobel laureates, 
in 1913 and 1918, respectively. Meanwhile, English electri-
cal engineer A. A. Campbell Swinton proposed the first 
all-electronic scheme for television using a cathode ray 
tube. His system was never built, and interest in televi-
sion languished for several years. 

Early on the morning of June 30, a mysterious explo-
sion occurred over the Siberian sky: a large meteorite 
broke up at an altitude of about six kilometers, causing a 
brilliant fireball and deafening bang. Because the meteor 
exploded in the atmosphere, it left no crater, but the force 
of the blast devastated a large area of Siberian forest and 
killed hundreds of reindeer and one herder. 

Gabriel Lippmann of France won the Nobel Prize 
in physics for his method of reproducing colors photo-
graphically based on the phenomenon of interference. 
Ernest Rutherford, a New Zealander living in England, 
was awarded the prize in chemistry for his investigations 
into the disintegration of the elements and the chemistry 
of radioactive substances. 

1 Q "A N e w E l e c t r o s t a t i c M e t h o d for t h e M e a s u r e m e n t o f S m a l l Q u a n t i t i e s o f E l e c t r i c -

l O i i t y " ( E i n e neue e l e k t r o s t a t i s c h e M e t h o d e zur M e s s u n g k le iner E l e k t r i z i t a t s m e n g e n ) . 

Physikalische Zeitschrift 9 ( 1 9 0 8 ) : 2 1 6 - 2 1 7 . 

E inste in publ ished the basic features of his method for c o n s t r u c t i n g the Maschinchen t h a t he 

used in his work on paper 1 4 . 

Q " E l e m e n t a r y T h e o r y of B r o w n i a n M o t i o n " ( E l e m e n t a r e T h e o r i e der B r o w n s c h e n Be-

I v i w e g u n g ) . Zeitschrift fur Elektrochemie und ungewandte physikalische Chemie 1 4 ( 1 9 0 8 ) : 

235-239-

An e lementary a c c o u n t of Einstein's theory of Brownian m o t i o n was needed, especial ly by 

chemists who were t r y i n g to provide exper imental support for i t and often misunderstood it . 

E instein elaborated on t h e relation between diffus ion and o s m o t i c pressure and calculated the 

diffus ion coeff ic ient from t h e fr ict ional resistance of the solvent f luid to the dissolved mole-

cules. 
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"On t h e F u n d a m e n t a l E l e c t r o m a g n e t i c E q u a t i o n s for M o v i n g B o d i e s " ( l ) b e r d i e e lek-

• t r o m a g n e t i s c h e n G r u n d g l e i c h u n g e n fur b e w e g t e Korper) ( w i t h J a k o b Laub) . Annalen 

der Physik 26 ( 1 9 0 8 ) : 5 3 2 - 5 4 0 . A c o r r e c t i o n t o t h i s paper w a s p u b l i s h e d later in t h e y e a r in 

vol. 27 ( 1 9 0 8 ) : 2 3 2 , a n d a s u p p l e m e n t t h e f o l l o w i n g y e a r in v o l . 28 ( 1 9 0 9 ) : 4 4 5 - 4 4 7 . 

Elaborating on the re lat iv ist ic t ransformat ion of Maxwell's equat ions for v a c u u m discussed 

in paper 8 above, E i n s t e i n also considered t h e d isplacement.vector D and the m a g n e t i c induc-

tion B. 

" O n t h e P o n d e r o m o t i v e Forces E x e r t e d o n B o d i e s at Rest in t h e E l e c t r o m a g n e t i c 

• F ie ld" ( U b e r d i e im e l e k t r o m a g n e t i s c h e n Felde a u f r u h e n d e Korper a u s g e i i b t e n p o n -

d e r o m o t o r i s c h e n K r a f t e ) ( w i t h Jakob Laub) . Annalen der Physik 26 ( 1 9 0 8 ) : 5 4 1 - 5 5 0 . 

E instein wrote papers 2 0 and 2 1 in a three-week period w i t h Jakob Laub, his first sc ient i f ic 

collaborator, to address t h e problems of f o r m u l a t i n g re lat iv ist ica l ly invar iant equat ions for elec-

tromagnetic fields in m o v i n g media, first raised by H e r m a n n Minkowski the year before. Laub 

was also involved in m a k i n g the corrections and w r i t i n g the supplement. 

Einstein's reputation as a young physicist in his prime, 
full of innovative ideas, continued to spread, giving him 
the credentials to meet and become better acquainted 
with leading European physicists. Consequently, his am-
bitions to become an academic himself were finally re-
alized. Upon his appointment as associate professor of 
physics at the University of Zurich, to begin in October, 
he tendered his resignations to the Patent Office and the 
University of Bern. His starting salary at Zurich, how-
ever, was the same as the salary he had been earning as a 
patent clerk, a situation he hoped would soon change. 

That summer, two days after submitting his resigna-
tion, he received his first honorary doctorate, from the 
University of Geneva (in his lifetime he would receive 
approximately twenty-five such honors). Characteristi-
cally, he made light of the occasion, being the only man 
to arrive in a summer suit and straw hat, while other 
dignitaries and recipients decked themselves out lavish-
ly in their finest clothes or academic robes. In October, 
he moved his family to Zurich. Finding an apartment 
was difficult due to a housing shortage caused by a labor 
strike that lasted several years. 

1909 
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Mileva was hesitant to leave Bern and became increas-
ingly insecure about Albert's fame and its effect on the 
family. He was often called away from her and Hans 
Albert. She wrote to a friend, "I only hope and wish 
that fame does not have a harmful effect on his human-
ity." She became worried about the attention he received 
from other women, feeling jealous, angry, and neglected. 
At the end of the summer, before Albert gave a much-
anticipated lecture at a physics conference in Salzburg, 
she had been able to convince him to take a vacation 
together in the southern Alps. The excursion seemed 
to mend some romantic fences: by the end of October, 
shortly after Einstein assumed his teaching duties at 
the University of Zurich, Mileva was pregnant again. 
As her pregnancy advanced, Einstein became engrossed 
in teaching a course in mechanics and another course in 
thermodynamics and presided over a physics seminar. 

WOMEN AT LAST began to be admitted to German univer-
sities; previously, only selected foreign women had been 
allowed to study there. It was still difficult for women to 
get postgraduate degrees, however. 

Sigmund Freud came to the United States to lecture 
on psychoanalysis. American Robert E. Peary reached 
the North Pole, and the first commercial manufacturing 
of Bakelite marked the beginning of the Plastic Age. In-
candescent lights were used for the first time in automo-
bile headlights, replacing carbide flame jets. 

German chemist Fritz Haber developed the first com-
mercially important high-pressure chemical process to 
synthesize ammonia from its elements. Meanwhile, Hans 
Geigef, of Geiger counter fame, and Ernest Marsden, un-
der the direction of Ernest Rutherford, published their 
paper describing how they scattered alpha particles with 
thin films of heavy metals, providing evidence that at-
oms have a discrete nucleus. Rutherford, who had won 
the Nobel Prize in chemistry in 1908, began a systematic 
theoretical investigation of Geiger and Marsden's results, 
as well as those of similar experiments with beta particles 
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(electrons). These studies culminated in a classic paper 
(1911) showing that the observations did not agree with 
the then-current picture of the atom as a soft, jellylike 
sphere with diffusely distributed positive and negative 
charges (the "plum pudding" model). 

German mathematician David Hilbert's work on in-
tegral equations established the basis for his subsequent 
work on infinite-dimensional space, or "Hilbert space." 
Mathematical investigations of quantum mechanics usu-
ally make use of the properties of Hilbert space. Hil-
bert had, in 1900 at the Paris International Congress of 
Mathematicians, proposed twenty-three mathematical 
problems—which came to be known as "Hilbert prob-
lems"—that he thought should be solved during the 
twentieth century. Some of these problems remain total-
ly or partially unsolved today. 

The Nobel Prize in chemistry went to Wilhelm Ost-
wald of Germany in recognition of his work on catalysis 
and his investigations into the fundamental principles 
governing chemical equilibria and rates of reaction. The 
prize in physics was awarded jointly to Guglielmo Mar-
coni and Carl Ferdinand Braun for their contributions to 
the development of wireless telegraphy. Braun had modi-
fied Marconi's transmitters, significantly increasing their 
range and usefulness. 

O O "On t h e P r e s e n t S t a t u s o f t h e R a d i a t i o n P r o b l e m " ( Z u m g e g e n w a r t i g e n S t a n d des 

S t r a h l u n g s p r o b l e m ) . Physikalische Zeitschrift 1 0 ( 1 9 0 9 ) : 1 8 5 - 1 9 3 . In a n o t h e r a r t i c l e of 

t h e same t i t l e p u b l i s h e d in t h e same v o l u m e , pp. 3 2 3 - 3 2 4 , E i n s t e i n a n d W a l t e r R i t z s u m m a -

rize t h e i r d i f f e r e n c e s o n t h e r a d i a t i o n p r o b l e m . 

Responding to papers published by H. A. Lorentz, James Jeans, and Walter Ritz t h e preceding 

year, in w h i c h t h e y discussed their respective o p i n i o n s on the radiat ion problem, E inste in e lab-

orated the concept of the "statist ical probabi l i ty of a state" first introduced in paper 6 above. 

The novelt ies in th is paper are the two arguments for t h e existence of l ight quanta based on t h e 

analysis of f l u c t u a t i o n s in black-body radiat ion. After m a k i n g his f i rst -known a t t e m p t to find a 

field theory t h a t w o u l d explain the structure of both matter and radiat ion, E inste in a d m i t t e d 

that he had not y e t succeeded in finding a system of equat ions for both. T h i s a t t e m p t was a 

forerunner of his later search for a unified field theory. 

Selected Published Papers and Commentary, 1909 
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" O n t h e D e v e l o p m e n t o f O u r V i e w s C o n c e r n i n g t h e N a t u r e a n d C o n s t i t u t i o n o f Radi -

• a t i o n " ( U b e r d i e E n t w i c k l u n g unserer A n s c h a u u n g e n i iber das Wesen u n d d i e K o n s t i -

t u t i o n der S t r a h l u n g ) . Deutsche Physikalische Gesellschaft.Verhandlungen 7 ( 1 9 0 9 ) : 4 8 2 - 5 0 0 . Also 

p u b l i s h e d t h e f o l l o w i n g m o n t h in Physikalische Zeitschrift 10 ( 1 9 0 9 ) : 8 1 7 - 8 2 5 . 

E instein had presented th is lecture in September to a meet ing of the physics sect ion of an 

associat ion of G e r m a n sc ient ists and phys ic ians held in Salzburg, Austr ia , the first such confer-

ence he attended. He masterful ly summarized his v i e w s on radiat ion and for the first t i m e pub-

l icly l inked his work on re lat iv i ty and the q u a n t u m hypothes is . T h i s is the first synthesis s h o w -

ing the profound changes in the concept of l ight brought about by the theory of re lat iv i ty and 

the important i m p l i c a t i o n s th is change would have on the development of physics. He reiter-

ated that l ight has an i n d e p e n d e n t existence, j u s t l ike matter. 

Einstein's fame continued to grow throughout Europe 
as he published his ideas and review articles, taught his 
courses, and delivered lectures to scientific audiences. 
Not surprisingly, many institutions became interested 
in having him on their faculties. In the spring, he was 
proposed for a chair in theoretical physics at the Ger-
man University of Prague. His consideration of the offer 
prompted his enthusiastic and loyal students to petition 
the officials in Zurich to encourage him to stay and of-
fer him a raise. Perhaps unconvinced that the offered in-
crease of one thousand Swiss francs per year was enough, 
Einstein traveled to Vienna in the early fall to discuss 
the Prague appointment with the Habsburg authorities. 
Even though Einstein was not a brilliant teacher, his 
students enjoyed his down-to-earth congeniality. In de-
mand were not his lecturing skills but his creative ideas 
and his ability to engage his students in informal scien-
tific socializing. 

The year had already been full of family milestones. 
Einstein's sister, Maja, had married Paul Winteler in 
March, Mileva's parents had come to visit in the sum-
mer, and in July his second son, Eduard ("Tete," or Ted-
dy), was born. Such events were now taking second place 
in Einstein's life behind his scientific and professional 
pursuits. Mileva complained, "With that kind of fame he 
does not have much time left for his wife." 

1910 



ERNEST RUTHERFORD'S investigations into the scattering 
of alpha particles and the nature of the inner structure of 
the atom that caused such scattering led to his theory of 
a "nucleus," his greatest contribution to physics. He pos-
tulated that almost the whole mass of the atom and its 
positive charges are concentrated in a minute space at the 
center. He published his findings the following year. 

The French engineer, chemist, and inventor Georges 
Claude displayed the first neon lamp to the public in 
Paris. Claude had discovered that, when there is a voltage 
drop across a tube of neon gas, a bright red glow emer-
ges and that other gases give off different colors; for ex-
ample, argon gives off blue, and helium gives off yellow 
and white. Thirteen years later, he and his French com-
pany introduced the first neon signs to the United States, 
bought by a Packard auto dealership in Los Angeles. 

Thomas Hunt Morgan proposed the gene theory of 
heredity. He would receive the Nobel Prize in physiology 
and medicine in 1933 for his discoveries of the role played 
by the chromosome in heredity. 

The Nobel Prize in physics was awarded to Johannes 
van der Waals of the Netherlands for his work on the 
equation of state for gases and liquids. The chemistry 
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earth. 
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prize went to Otto Wallach of Germany in recognition 
of his services to organic chemistry and the chemical 
industry through his pioneering work in the field of ali-
cyclic compounds. 

O y i "The P r i n c i p l e o f R e l a t i v i t y a n d Its C o n s e q u e n c e s i n M o d e r n P h y s i c s " ( L e P r i n c i p e de 

C m t * r e l a t i v i t e et ses c o n s e q u e n c e s d a n s la p h y s i q u e m o d e r n e ) . Archives des sciences phy-

siques et naturelles 29 ( 1 9 1 0 ) : 5 - 2 8 a n d 1 2 5 - 1 4 4 . 

Publ ished as t w o separate papers in t h e same j o u r n a l and trans lated from the G e r m a n by 

Edouard Gui l laume, th is work is a general survey of the h i s t o r y and essence of the t h e o r y of rel-

a t i v i t y and its appl icat ions. In a letter to Jakob Laub of August 27, E inste in stated that the work 

did not c o n t a i n a n y new i n s i g h t s , that it "merely comprises a rather general d iscussion of the 

epistemological foundat ions of the theory of relat iv ity, no new v iews whatsoever, and a lmost 

n o t h i n g t h a t is q u a n t i t a t i v e . " 

"On t h e T h e o r y o f L i g h t Q u a n t a a n d t h e Q u e s t i o n o f t h e L o c a l i z a t i o n o f E l e c t r o m a g -

• n e t i c E n e r g y " ( S u r la t h e o r i e des q u a n t i t e s l u m i n e u s e s et la q u e s t i o n de la l o c a l i -

s a t i o n de I 'energie e l e c t r o m a g n e t i q u e ) . Archives des sciences physiques et naturelles 29 ( 1 9 1 0 ) : 

5 2 5 - 5 2 8 . 

E inste in presented th is paper in May at a meet ing of the Swiss Physical Society in Neuchatel . 

Much of i t is based on his earl ier work on the q u a n t u m hypothes is , w h i c h cannot be reconci led 

w i t h the accepted t h e o r y of radiat ion. 

" O n t h e P o n d e r o m o t i v e Forces A c t i n g o n F e r r o m a g n e t i c C o n d u c t o r s C a r r y i n g a C u r -

• r e n t i n a M a g n e t i c F i e l d " ( S u r les forces p o n d e r o m o t r i c e s q u i a g i s s e n t sur des c o n -

d u c t e u r s f e r r o m a g n e t i q u e s d i s p o s e s d a n s un c h a m p m a g n e t i q u e et p a r c o u r u s par un c o u -

r a n t ) . Archives des sciences physiques et naturelles 3 0 ( 1 9 1 0 ) : 3 2 3 - 3 2 4 . 

E inste in presented th is paper to a meet ing of the Schweizer ische Naturforschende Gesell -

schaft in Basel on September 6 , 1 9 1 0 . He discussed the quest ion of a ponderomotive force exert-

ed on a ferromagnetic substance in the presence of an external magnet ic field, c o m i n g up w i t h 

the only expression t h a t satisfies the pr inciple that a c t i o n equals react ion. 

"On a T h e o r e m o f t h e P r o b a b i l i t y C a l c u l u s a n d Its A p p l i c a t i o n in t h e T h e o r y of Ra-

• d i a t i o n " ( U b e r e i n e n S a t z der W a h r s c h e i n l i c h k e i t s r e c h n u n g u n d se ine A n w e n d u n g in 

der S t r a h l u n g s t h e o r i e ) ( w i t h L u d w i g H o p f ) . Annalen der Physik 33 ( 1 9 1 0 ) : 1 0 9 6 - 1 1 0 4 . 

E instein wrote t h i s paper to show that the fai lure of stat ist ica l mechanics v is -a -v is the radia-

t ion law cannot be amel iorated by proposing that i n d i v i d u a l stat ist ical events should not fol low 

the usual law of independence instead of assuming a certain interdependence between t h e m . 



Selected Published Papers and Commentary, 1 9 0 8 29 

" S t a t i s t i c a l I n v e s t i g a t i o n o f a Resonator's M o t i o n in a R a d i a t i o n F ie ld" ( S t a t i s t i s c h e 

• U n t e r s u c h u n g der B e w e g u n g e i n e s R e s o n a t o r s in e i n e m S t r a h l u n g s f e l d ) ( w i t h Lud-

w i g Hopf) . / \nna/en der Physik 33 ( 1 9 1 0 ) : 1 1 0 5 - 1 1 1 5 . 

T h e authors make use of the results in paper 27, d e m o n s t r a t i n g t h a t the Rayleigh-Jeans law 

of radiat ion is an unavoidable consequence of stat ist ics , even if we avoid a s s u m p t i o n s t h a t we 

may t h i n k need correct ion. In other words, we c a n n o t blame stat ist ics for a faulty result . 

"The T h e o r y o f Opalescence o f H o m o g e n e o u s F l u i d s a n d L i q u i d M i x t u r e s near t h e 

• C r i t i c a l S t a t e " ( T h e o r i e der O p a l e s z e n z v o n h o m o g e n e n F l u s s i g k e i t e n u n d F l i i s s i g -

k e i t s g e m i s c h e n in der N a h e des k r i t i s c h e n Z u s t a n d e s ) . Annalen der Physik 3 3 ( 1 9 1 0 ) : 1 2 7 5 -

1 2 9 8 . 

E instein explained the optical effects t h a t occur near t h e cr i t ica l point of a f luid (at w h i c h 

l iquid and gas phases can coexist) and of a b inary mixture of l iquids, w h i c h can also explain the 

blue color of the sky. A d d i n g to earlier studies t h a t provided evidence for the a t o m i s t i c c o n s t i t u -

t ion of matter, th is is one of his most d iff icult papers to understand. 

1911 In early January, Einstein received the news that Emper-
or Franz Joseph of the Austro-Hungarian (Habsburg) 
Empire had officially appointed him to the chair of the-
oretical physics at the German University in Prague, ef-
fective in April. Einstein would also be the director of 
the Institute of Theoretical Physics, a highly prestigious 
position. He would teach courses in mechanics and ther-
modynamics that year and lead a physics seminar. The 
salary was about twice the amount the Swiss could afford 
to pay, making this a position Einstein could not turn 
down. Later that month, he sent his letter of resignation 
to the Zurich officials. At the end of March, he moved 
his family to the charming capital city. 

With the new salary, Albert and Mileva were able to 
afford a more bourgeois lifestyle in a spacious apartment, 
with enough room for a maid. Still, Mileva was not hap-
py with the move, as Prague was known to be home to 
a snobby and pompous society that looked down their 
noses on all but the Germans. Mileva started to show 
signs of serious depression, a condition that had plagued 
other members of her family. Later, when Eduard en-
tered adulthood, he was diagnosed with schizophrenia 
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SS Titanic nears completion. 

More than fifteen hundred 

people will die on its maiden 

voyage. 

(until then known as dementiapraecox). Despite the Ein-
steins' more affluent lifestyle, the mood in the household 
became increasingly gloomy. 

During 1911, Einstein received job offers from the 
University of Utrecht and the Swiss Federal Polytechni-
cal School in Zurich, and he negotiated to secure a new 
position the following year. Among those recommending 
him for the Poly position were Marie Curie and the well-
known French mathematician and philosopher of sci-
ence Henri Poincare, the creator of topology and founder 
of the mathematical theory of dynamic systems. 

At this time, Einstein first experienced the serious 
stomach problems that would plague him throughout 
his life. Still, he became a regular visitor to one of the sa-
lons of the old city, run by Berta and Otto Fanta; forty 
years later, their niece Johanna would become an inti-
mate friend of Einstein's in Princeton. At the Fantas', 
young Jewish intellectuals gathered weekly to chat about 
philosophy and science, much as Einstein had done in 
earlier years with his pals in Bern. In November he deliv-
ered a lecture at the first Solvay Congress, a congregation 
of the world's leading physicists, in Brussels (see paper 
34 below). Einstein was the youngest participant and be-
came acquainted with Marie Curie. 

Einstein formulated his first decisive ideas on general 
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relativity—the effect of gravity on light—and suggested 
that his theory be tested during a total solar eclipse. 

I ARIE CURIE won her second Nobel Prize, this one for ad-
I vancing chemistry by discovering the elements radium 

and polonium. The prize in physics was awarded to Ger-
many's Wilhelm Wien, recognizing his work on the laws 
governing radiation, valid for short wavelengths. 

Ernest Rutherford, thinking about the nature of nuclei 
that could produce radiation, published the paper, "The 
Scattering of Alpha and Beta Particles by Matter and the 
Structure of the Atom," in which he described the atom 
as a small, heavy nucleus surrounded by electrons, put-

I t ^ a o n P a P e r his investigations of 1910. Working under 
Rutherford, Germany's Hans Geiger introduced the first 
Geiger counter, capable of detecting and counting al-
pha rays. And Heike Kamerlingh Onnes of the Nether-

Captain Roald Amundsen and lands discovered superconductivity, or the ability of cer-
his crew are the first to reach tain materials to carry electric currents without resistance 
the South Pole. at low temperatures. 

"A R e l a t i o n s h i p b e t w e e n E l a s t i c B e h a v i o r a n d S p e c i f i c Heat i n S o l i d s w i t h a M o n a -

• t o m i c Molecule" { E i n e B e z i e h u n g z w i s c h e n d e m e l a s t i s c h e n V e r h a l t e n u n d der spe-

z i f i s c h e n W a r m e bei festen Korpern m i t e i n a t o m i g e m M o l e k u l ) . Annalen der Physik 3 4 ( 1 9 1 1 ) : 

1 7 0 - 1 7 4 . 

To supplement W i l l i a m Sutherland's observat ion t h a t infrared e igenfrequencies of solid bod-

ies possibly o r i g i n a t e in the elastic v i b r a t i o n s of these bodies, E inste in added t h a t e lectr ical ly 

charged ions are the source of optical v i b r a t i o n s , w h i l e elast ic v ibrat ions are caused by the m u -

tual mot ions of the ent i re molecule. 

" T h e T h e o r y o f R e l a t i v i t y " ( D i e R e l a t i v i t a t s t h e o r i e ) . Naturforschende Cesellschaft in 

v l i Zurich.Vierteljahrsschrift 56 ( 1 9 1 1 ) : 1 - 1 4 . 

E inste in presented th is paper at a January meet ing of t h e Naturforschende Cesel lschaft (So-

c iety of Natural Sc ient ists) in Z u r i c h as a farewell lecture after res igning from t h e U n i v e r s i t y 

of Z u r i c h to go to Prague. For the first t i m e , he used the term relativity theory in a paper, hav-

ing earlier felt t h a t relativity principle was a more accurate descr ipt ion. In the exposit ion of t h e 

concepts and principles of special relat iv ity, t h i s paper is s imilar to paper 24 above, t h o u g h it 

is less technica l . 
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" E l e m e n t a r y O b s e r v a t i o n s o n T h e r m a l M o l e c u l a r M o t i o n in S o l i d s " ( E l e m e n t a r e Be-

• t r a c h t u n g e n i iber d ie t h e r m i s c h e M o l e k u l a r b e w e g u n g in festen K o r p e r n ) . Annalen der 

Physik 3 5 ( 1 9 1 1 ) : 6 7 9 - 6 9 4 . 

Here E inste in c o n t i n u e d the work he had begun in 1 9 0 7 on t h e specific heat of sol ids. The 

heat ag i tat ion of solids was reduced to a m o n o c h r o m a t i c osc i l lat ion of the atom, and t h e specif -

ic heat was determined based on the q u a n t u m t r e a t m e n t of an osci l lator in a radiat ion field. He 

explained the discrepancies between his formula and measurements at low temperatures. 

"On t h e I n f l u e n c e o f G r a v i t a t i o n o n t h e P r o p a g a t i o n o f L ight" (Uber den E i n f l u s s der 

• S c h w e r k r a f t a u f d i e A u s b r e i t u n g des L i c h t e s ) . Annalen der Physik 35 ( 1 9 1 1 ) : 8 9 8 - 9 0 8 . 

E instein returned to his t h o u g h t s on grav i tat ion and discussed his ideas on the stat ic grav i ta -

t ional field, a d v a n c i n g the "half -shift" predict ion. In early papers on the subject (see also papers 

36 to 38 below), he used t w o important features: the pr inciple of equivalence and the role of the 

speed of l ight . In th is paper E inste in took a broader perspective, saying that if a l ight beam is 

bent in an accelerat ing frame of reference, t h e n ( i f t h e t h e o r y is correct) it must also be bent by 

g r a v i t y by the e q u i v a l e n t a m o u n t . His predict ion of the bending of l ight by a grav i tat ional field 

was one of the key tests of general relat ivity. 

" O n t h e Present S t a t e of t h e Problem of S p e c i f i c H e a t s " ( Z u m g e g e n w a r t i g e n S t a n d e 

• des Problems der s p e z i f i s c h e n W a r m e ) . Paper p r e s e n t e d at t h e f i rst S o l v a y C o n g r e s s , 

N o v e m b e r 3 , 1 9 1 1 . P u b l i s h e d later i n A r n o l d E u c k e n , e d . , DieTheorie derStrahlung und der Quan-

ten (Ha l le a .s . : K n a p p , 1 9 1 4 ) , 3 3 0 - 3 5 2 . 

In this report to an internat ional congress, E inste in elaborated in detai l his mult i faceted 

ideas involv ing t h e t h e o r y of q u a n t a . 

Einstein began to prepare a manuscript—as a contribu-
tion to a handbook on radiology—reviewing what lat-
er came to be called the "special theory" of relativity (to 
distinguish it from the 1915-16 "general theory"). It took 
him two years to finish the work, but then World War I 
intervehed and interrupted its publication. The editor 
asked him to revise and update the work several years 
later, but at that point he was too busy. It was finally pub-
lished in volume 4 of The Collected Papers of Albert Ein-
stein and gives valuable insights into Einstein's ideas on 
relativity until that time. 

In late January, Einstein's appointment as professor 
of theoretical physics at the Poly (since 1911 known as 

1912 
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Revolution sweeps Mexico. 

Peasants rebel under Pancho 

Villa and Emil iano Zapata. 

the Federal Institute of Technology, or Eidgenossische 
Technische Hochschule—ETH) became official, and in 
July he and the family happily left Prague to move back 
to Zurich. Before he moved, Einstein traveled to Berlin, 
where members of the extended Einstein family were 
living. He paid his respects to his aunt and uncle and 
became reacquainted with his cousin Elsa, whom he re-
membered from childhood visits. Elsa, three years old-
er than Albert, was now divorced and had two daugh-
ters: Ilse, who was thirteen, and eleven-year-old Margot. 
Elsa's and Albert's mothers were sisters, and their fathers 
were first cousins. Elsa, with her light blue eyes and sun-
ny and outgoing disposition, was the total opposite of 
Mileva, and Einstein was immediately attracted to the 
vital and energetic woman. He returned to Prague and 
began a secret correspondence with her, which contin-
ued after he and Mileva moved back to Zurich. Mileva, 
meanwhile, wrote to friends that she was happy to be 
back in Zurich and away from the unhygienic and sooty 
conditions of Prague, which had had adverse effects on 
her children's health. Regarding her husband, she con-
fessed "with a bit of shame that we are unimportant to 
him and take second place." 

Though Einstein enjoyed returning to the tight circle 
of his Zurich friends, Mileva became more downcast and 
morose and began having difficulty walking because of 
pain in her legs. Einstein distanced himself even more 
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from her, often escaping to play the violin in small en-
sembles of friends. 

The Balkan states, including Serbia, Mileva's home-
land, began the First Balkan War, causing Mileva con-
cern for her friends and family in Belgrade. 

EINSTEIN'S FRIEND Max von Laue obtained the first dif-
fraction effects by letting x-rays fall on a crystal, causing 
William Bragg to propose a simple relationship between 
an x-ray diffraction pattern and the arrangement of at-
oms in a crystal that produced the pattern, thus inventing 
x-ray crystallography. Two years later, von Laue would 
receive the Nobel Prize in physics for 1914. 

Carl Jung conceptualized and used the terms intro-
vert and extrovert when he published his Theory of Psy-
choanalysis. 

On the pseudoscientific front, great excitement was 
engendered when the remains of Piltdown man, believed 
to be fifty thousand years old, were found in England by 
amateur geologist Charles Dawson. Many years later, 
it was established that the bones were those of a mod-
ern human and an orangutan, faked to suggest great age, 
planted by someone as a hoax. Several of the most em-
inent British scientists of the day had proclaimed the 
specimens as a genuine "missing link." 

The Nobel Prize in physics was awarded to Nils Gus-
taf Dalen of Sweden for his invention of automatic regu-
lators to be used with gas accumulators for illuminating 
lighthouses and buoys. The prize in chemistry was di-
vided between two Frenchmen: Victor Grignard, for dis-
covering the "Grignard reagent," and Paul Sabatier, for 
his method of hydrogenating organic compounds in the 
presence of finely disintegrated metals, both advancing 
the progress of organic chemistry. 

O C " T h e r m o d y n a m i c P r o o f o f t h e Law o f P h o t o c h e m i c a l E q u i v a l e n c e " ( T h e r m o d y n a -

w w a m i s c h e B e g r u n d u n g des p h o t o c h e m i s c h e n A q u i v a l e n t g e s e t z e s ) . Annalen der Physik 37 

( 1 9 1 2 ) : 8 3 2 - 8 3 8 . 
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Einste in presented a c o n t i n u a t i o n of his earlier work on the interact ion between l ight and 

matter and on photochemica l processes but made no use of the q u a n t u m hypothes is . He dem-

onstrated how "the law of photochemical equivalence" is deducible by purely t h e r m o d y n a m i c 

arguments if one makes certa in plausible a s s u m p t i o n s . He wrote a supplement to the paper five 

months later in the same j o u r n a l . 

"The Speed o f L i g h t a n d t h e S t a t i c s o f t h e G r a v i t a t i o n a l F ie ld" ( L i c h t g e s c h w i n d i g -

• k e i t u n d S t a t i k des G r a v i t a t i o n s f e l d e s ) . Annalen der Physik 38 ( 1 9 1 2 ) : 3 5 5 - 3 6 9 . 

Further explor ing his studies of g r a v i t a t i o n , based on t h e equivalence pr inciple, E inste in saw 

with g r o w i n g c l a r i t y t h a t grav i tat ion is i n t i m a t e l y l inked w i t h the problem of space and t i m e . 

Y J " O n t h e T h e o r y o f t h e S t a t i c G r a v i t a t i o n a l F i e l d " ( Z u r T h e o r i e des s t a t i s c h e n G r a v i t a -

W I • t i o n s f e l d e s ) . Annalen der Physik 38 ( 1 9 1 2 ) : 4 4 3 - 4 5 8 . 

E inste in more closely analyzed the equat ions of m o t i o n stated in paper 36, c o n c l u d i n g t h a t 

those equat ions c a n n o t be reconci led w i t h the g i v e n field equat ions for c because the pr inc ip le 

of "action equals react ion" is v io lated. He modif ied the field equat ion for c. T h i s paper includes 

the first r u d i m e n t a r y statement of the "law of the geodesies," w h i c h was i m p o r t a n t in the final 

formulat ion of the g r a v i t a t i o n theory. 

"Is T h e r e a G r a v i t a t i o n a l F ie ld T h a t Is A n a l o g o u s t o E l e c t r o d y n a m i c l n d u c t i o n ? " ( G i b t 

• es e i n e G r a v i t a t i o n s w i r k u n g , d ie der e l e k t r o d y n a m i s c h e n I n d u k t i o n s w i r k u n g A n a l o g 

1st?) . Vierteljahrsschriftfiirgerichtliche Medizin 4 4 ( 1 9 1 2 ) : 3 7 - 4 0 . 

Th is paper shows t h e first steps t h a t E inste in took to go beyond his stat ic t h e o r y as he pro-

ceeded systemat ica l ly from the special to t h e more general theory of relat iv ity. It m a y be sur-

prising t h a t he wrote th is paper for a forensic medical j o u r n a l , but th is was no doubt because 

of the inf luence of his fr iend, Heinr ich Zangger, the d e p a r t m e n t head and professor of forensic 

medic ine at the U n i v e r s i t y of Z u r i c h . E inste in d id attend conferences at w h i c h doctors were 

present, such as the Soc iety of German Sc ient ists and Phys ic ians in September 1 9 1 1 in Karls-

ruhe, where he had taken part in discussions fo l lowing several lectures. 



The Einstein marriage continued to deteriorate as Mile-
va became incapacitated by dreadful pain in her legs. Not 
to be distracted, Albert kept busy with work on his new 
gravitational theory and tried to avoid thinking about 
Elsa. He had stopped corresponding with her for nine 
months but resumed writing after she sent him a birth-
day letter. Later in the spring, he and Mileva managed to 
make time for a trip to Paris, where Albert gave a lecture 
and the couple were houseguests of the widowed Marie 
Curie, now the holder of two Nobel prizes. 

In late summer, Albert and Mileva went to the En-
gadine Valley of the Swiss Alps with Curie and her 
daughters. Mileva was unable to hike with the others but 
enjoyed the fresh air and scenery. In September, the Ein-
steins took the boys to see their grandparents in Hunga-
ry, where Hans Albert and Eduard were baptized in the 
local Serbian Orthodox church at Mileva's request. Their 
father, who had no interest in organized religion of any 
kind, did not attend the baptism. The Einsteins went on 

1913 
Demanding the right to 

vote, suffragettes march on 

Washington, D.C. 

36 
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to Vienna, where Albert's talk on his new gravitational 
theory thrust it into the mainstream newspapers. Mil-
eva returned home to Zurich while Albert made a trip to 
Berlin, where, besides attending to some business, he also 
met secretly with Elsa. 

Einstein published a paper on general relativity theory 
with his friend, mathematician Marcel Grossmann, as 
coauthor. Einstein explained the physical principles, and 
Grossmann wrote the section on advanced mathematics. 

In November, Einstein was elected to the Prussian 
Academy of Sciences and was offered a research profes-
sorship at the University of Berlin and the directorate of 
the soon-to-be-established Kaiser Wilhelm Institute of 
Physics. He accepted the offer. 

While the family was making plans to move to Berlin, 
the Second Balkan War was spreading to southeastern 
Europe. Serbia, Mileva's home, was among these war-
torn countries. 

IN T H E W O R L D OF SCIENCE, Niels Bohr formulated his 
theory of atomic structure in his classic paper, "On the 
Constitution of Atoms and Molecules." This was the 
first exposition of the theory of quantum mechanics, and 
in it Bohr viewed atoms as similar to the Sun and plan-
ets, with the nucleus at the center and electrons orbit-
ing around it. Bohr explained that the atom absorbs and 
emits energy by leaping from one orbit to another with-
out traversing the space in between. Meanwhile, Oxford 
physicist Henry Moseley investigated the x-ray spectra 
of the elements. Sadly, he was killed in action in 1913 at 
Gallipoli. 

French physicists Charles Fabry and Henri Buisson 
reported the existence of ozone, a gas created by a pho-
tochemical reaction between sunlight and oxygen. Today 
we know that the layer of ozone around the earth has, 
over millions of years, played a significant role in the evo-
lution of life on Earth by protecting our planet from the 
damaging ultraviolet rays of the Sun. 

Albert Schweitzer, a future Einstein correspondent 
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and someone whom Einstein admired, opened his hospi-
tal in the French Congo at Lambarene to bring modern 
medical care into the African jungle. 

The Nobel Prize in physics was awarded to Heike Ka-
merlingh Onnes of the Netherlands for his investiga-
tions of the properties of matter at low temperatures, 
which led, among other things, to the production of liq-
uid helium. Kamerlingh Onnes, who was on friendly 
terms with Einstein, was professor of experimental phys-
ics at the University of Leiden and director of its Insti-
tute of Experimental Physics. The chemistry prize went 
to Alfred Werner of Switzerland for his work on bond-
ing relations of atoms in molecules, which opened up 
new fields of research, especially in organic chemistry. 

Q Q " T h e r m o d y n a m i c D e d u c t i o n of t h e Law o f P h o t o c h e m i c a l E q u i v a l e n c e " ( D e d u c t i o n 

V V a t h e r m o d y n a m i q u e de la loi de I 'equiva lence p h o t o c h i m i q u e ) . Journal de physique 3 

( 1 9 1 3 ) : 2 7 7 - 2 8 2 . 

Th is is a publ ished vers ion of a lecture E inste in gave to the Societe Fran^aise de Phys ique at 

the end of March, deal ing w i t h the topics covered in the supplement to paper 35 above. 

Outline of a Generalized Theory of Relativity and of a Theory of Gravitation ( E n t w u r f e i n e r 

• v e r a l l g e m e i n e r t e n R e l a t i v i t a t s t h e o r i e u n d e i n e r T h e o r i e der G r a v i t a t i o n ) ( w i t h Mar -

cel G r o s s m a n n ) . L e i p z i g : T e u b n e r , 1 9 1 3 . 

In this book, E i n s t e i n a n d Grossmann invest igated curved space and curved t i m e as t h e y re-

late to a t h e o r y of grav ity . T h e y presented v i r t u a l l y all the e lements of the general theory of rel-

a t i v i t y w i t h the exception of one str ik ing omiss ion: g r a v i t a t i o n a l field equat ions that were not 

general ly c o v a r i a n t . E inste in soon reconciled h imself to th is lack of general covar iance t h r o u g h 

the "hole a r g u m e n t , " w h i c h sought to establ ish t h a t general ly covar iant grav itat ional field equa-

t ions would be phys ica l ly u n i n t e r e s t i n g . E inste in d id not adopt t h e grav itat ional field e q u a t i o n s 

unti l late in 1 9 1 5 in his final formulat ions of the general theory. Here, E inste in c o n t r i b u t e d the 

physics and Grossmann the m a t h e m a t i c s . W h e n E inste in moved to Berlin in 1 9 1 4 , his and Gross-

mann's col laboration ended. Also see paper 4 4 below on the hole argument . 

> 1 1 " P h y s i c a l F o u n d a t i o n s of a T h e o r y o f G r a v i t a t i o n " ( P h y s i k a l i s c h e G r u n d l a g e n e i n e r 

• X a G r a v i t a t i o n s t h e o r i e ) . Lecture g i v e n on S e p t e m b e r 9, 1 9 1 3 , t o t h e N i n e t y - s i x t h A n -

n u a l M e e t i n g of t h e S c h w e i z e r i s c h e N a t u r g e s e l l s c h a f t ( S w i s s S o c i e t y of N a t u r a l S c i e n t i s t s ) 

in F r a u e n f e l d , n o t p u b l i s h e d u n t i l t h e f o l l o w i n g y e a r i n Naturforschende Cesellschaft in Zurich. 

Vierteljahrsschrift 5 8 ( 1 9 1 3 ) : 2 8 4 - 2 9 0 . 

Work on the Panama Canal 

begins. 
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In th is ta lk , E inste in gave a concise and clear presentat ion of his grav itat ional theory. He em-

phasized the physical c o n t e n t and o m i t t e d t h e advanced mathemat ica l detai ls , d iscuss ing the 

evolution from special to general covar iance and s h o w i n g t h a t the grav i tat ional e q u a t i o n s re-

main outs ide the framework of general covar iance. 

i l O " O n t h e P r e s e n t S t a t e of t h e Problem o f G r a v i t a t i o n " ( Z u m g e g e n w a r t i g e n Z u s t a n d e 

"Imm des G r a v i t a t i o n s p r o b l e m s ) . Physikalische Zeitschrift 1 4 ( 1 9 1 3 ) : 1 2 4 9 - 1 2 6 2 . 

Th is is the publ ished vers ion of the lecture E inste in gave at the E i g h t y - f i f t h Meet ing of t h e 

Gesellschaft Deutscher Naturforscher und Arzte (Congress of German Natural S c i e n t i s t s and 

Physic ians) in V i e n n a on September 23, 1 9 1 3 . In a d d i t i o n to discuss ing his o w n work, part icu-

larly paper 4 0 above, he covered Gunnar Nordstrom's scalar theory, a serious compet i tor to E i n -

stein's theory. He concluded that only experience could show w h i c h of the two was correct. Fur-

ther d iscuss ion by part ic ipants followed the ta lk. 

" M a x P lanck als F o r s c h e r " ( M a x P lanck as S c i e n t i s t ) . Die Naturwissenschaften 1 ( 1 9 1 3 ) : 

• 1 0 7 7 - 1 0 7 9 . See also The Collected Papers of Albert Einstein, vo l . 4 , Writings, 1912-1914, 

5 6 1 - 5 6 3 . 

E inste in wrote of German phys ic ist Planck as an art ist as well as a sc ient ist , e x p l a i n i n g t h a t 

his sc ient i f ic a c h i e v e m e n t s show art ist ic creat iv i ty . He would write about Planck again in 1 9 1 8 

on Planck's s ixt ieth b i r t h d a y and on the occasion of his death in 1 9 4 8 . 

1914 At the dawn of World War I in Europe, Einstein began 
his "Berlin years." People now began to approach him for 
his opinions on nonscientific subjects as well, mostly be-
cause he was so outspoken about his pacifism. 

Many physicists continued to be skeptical about rel-
ativity theory because they did not have the necessary 
tools and equations to understand it and no one had 
proven it experimentally. Einstein continued to clarify 
his ideas in his publications and lectures, as one can see 
from the papers listed below—just a sampling of his sev-
enteen talks and publications in 1914. Included among 
them is his inaugural lecture to the Prussian Academy of 
Sciences in Berlin. 

Before the family moved to Berlin in April, Einstein 
had continued his relationship with Elsa by mail, and 
now, with his presence in Berlin, they became even more 
involved. Though Mileva had never confronted Albert 
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about the situation, her correspondence and conversa-
tions with friends show that she was suspicious and un-
derstandably unhappy as he neglected her and left their 
apartment in the Wilmersdorf section of the city at his 
pleasure. Finally, in late July, Mileva had had enough 
emotional turmoil and left Berlin with the boys, return-
ing to Zurich and preparing for an eventual divorce. 

In the midst of this personal commotion in Einstein's 
life, war broke out in Europe that summer, shortly af-
ter Mileva and the children had left Germany. After the 
assassination of Archduke Francis Ferdinand by a Ser-
bian teenager, Gavrilo Princip, Austria and Germany 
demanded that Serb terrorists be brought to justice, but 
Serbia and its allies refused. Austria declared war on Ser-
bia, and Germany declared war on Serbia's allies, Russia 
and France. 

As the war spread to other parts of Europe, Germans 
at all levels of society were expected to support the war 
effort in some way. Being a Swiss citizen, Einstein was 
not expected to do so. Indeed, he declared himself a pac-
ifist and now, for the first time, allowed his opinions on 
nonscientific subjects to be known publicly. He signed a 
pacifist manifesto drafted by a family friend and physi-
cian, Georg Nicolai, which appealed to European rather 
than nationalist (German) sensibilities. He attended an-
tiwar meetings, one of them held by a pacifist group de-
voted to establishing a "United States of Europe." The 
group was subsequently banned in 1916. As history has 
proven, none of Einstein's appeals worked. He missed his 
children and worried about them, but he also knew they 
were safer in neutral Switzerland than in Germany. 

A GROUP OF GERMAN astronomers went to Russia to ob-
serve the total eclipse of the Sun and test Einstein's new 
theory of gravity. But World War I erupted on the day of 
the eclipse, and the German scientists were imprisoned. 

Robert H. Goddard, the father of modern rocketry 
propulsion, began his rocketry experiments in the United 
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States, though it would be another twelve years before he 
launched his first rocket. 

The Nobel Prize in physics was awarded to Germany's 
Max von Laue, Einstein's good friend, for having ob-
served that x-rays can be diffracted by solids. Even before 
this honor, Einstein had. considered Laue to be one of 
Germany's most talented young theoreticians, and Laue 
was one of a handful of German scientists whom Ein-
stein would still respect after World War II. The Nobel 
Prize in chemistry went to American Theodore Richards 
for his accurate determinations of the atomic weight of a 
large number of chemical elements. 

/ I / I " O n t h e F o u n d a t i o n s of t h e G e n e r a l i z e d T h e o r y o f R e l a t i v i t y a n d t h e T h e o r y o f G r a v -

I I • i t a t i o n " ( P r i n z i p i e l l e s z u r v e r a l l g e m e i n e r t e n R e l a t i v i t a s t h e o r i e u n d G r a v i t a t i o n s -

t h e o r i e ) . Physikalische Zeitschrift 1 5 ( 1 9 1 4 ) : 1 7 6 - 1 8 0 . 

Th is is a detai led exposit ion of the hole a r g u m e n t , w h i c h impl ies t h a t the metr ic tensor 

cannot be u n i q u e l y determined by general ly c o v a r i a n t field e q u a t i o n s . T h i s a r g u m e n t is impor-

tant in reconstruct ing Einstein's early understanding of the relat ionship between t h e coordi -

nate descr ipt ion of a spacet ime manifold and its physical properties. E inste in replies to Gustav 

Mie's c r i t i c i s m of paper 4 0 (above) by repeating all relevant detai ls and the solut ion obta ined 

in the earl ier paper. 

I I ( T " O n t h e T h e o r y o f G r a v i t a t i o n " ( Z u r T h e o r i e der G r a v i t a t i o n ) . Naturforschende Gesell-

l«J» schaft in Zurich. Vierteljahrsschrift 59 , part 2 , S i t z u n g s b e r i c h t e ( 1 9 1 4 ) : 4 - 6 . 

Th is is the pr inted vers ion of a farewell lecture g i v e n to a meeting of the Naturforschende 

Gesellschaft (Society of Natural Sc ient ists) in Z u r i c h on February 9, 1 9 1 4 , short ly before E i n -

stein left for his a p p o i n t m e n t in Berl in. E inste in reviewed the theoretical aspects of g r a v i t a t i o n 

theory and concluded t h a t there are o n l y two possible vers ions: Nordstrom's scalar t h e o r y or the 

E i n s t e i n - G r o s s m a n n theory. 

I \ O "On t h e R e l a t i v i t y Problem" ( Z u m R e l a t i v i t a t s p r o b l e m ) . Scientio 1 5 ( 1 9 1 4 ) : 3 3 7 - 3 4 8 . 

t U i E inste in made general references to t h e unsuccessful search for effects of t h e earth's 

motion. 

/ I I " T h e F o r m a l F o u n d a t i o n o f t h e G e n e r a l T h e o r y of R e l a t i v i t y " (D ie f o r m a l e G r u n d l a g e 

T l • der a l l g e m e i n e n R e l a t i v i t a t s t h e o r i e ) . Koniglich Preussische Akademie der Wissenschaften 

( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 1 4 ) : 1 0 3 0 - 1 0 8 5 . 
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According to John Norton ("How Einste in Found His Field Equations"), th is major review ar-

ticle was intended to c o n v e y the full c o n t e n t of the 1 9 1 3 " E n t w u r f " theory (paper 4 0 above): 

"The pr incipal novelty lies in the mathemat ica l formulat ion of the theory. Drawing on earlier 

work w i t h [Marcel] Grossmann, E inste in formulated his grav i tat ional field equat ions us ing a 

var iat ion pr inc iple. Using t h i s richer mathemat ica l structure E inste in offered a proof purport ing 

to demonstrate t h a t his t h e o r y had the m a x i m u m covar iance compat ib le w i t h the hole argu-

ment; t h a t is, covar iance u n d e r ' j u s t i f i e d ' t r a n s f o r m a t i o n between the'adapted coordinate sys-

t e m s ' h e had introduced w i t h Grossmann." 

" C o v a r i a n c e Propert ies in t h e F ie ld E q u a t i o n s of t h e T h e o r y of G r a v i t a t i o n Based o n 

• t h e G e n e r a l i z e d T h e o r y of R e l a t i v i t y " ( K o v a r i a n z e i g e n s c h a f t e n der F e l d g l e i c h u n g e n 

der a u f d ie v e r a l l g e m e i n e r t e R e l a t i v i t a t s t h e o r i e g e g r i i n d e t e n G r a v i t a t i o n s t h e o r i e ) ( w i t h 

Marcel G r o s s m a n n ) . Zeitschrift fiirMathematik und Physik 63 ( 1 9 1 4 ) : 2 1 5 - 2 2 5 . 

To increase the inner cons istency of the theory expounded in papers 4 0 and 47 (above), the 

authors apply an a c t i o n principle for der iv ing the field equat ions f o r g ^ . 

/ I d " I n a u g u r a l Lecture: Pr inc ip les of T h e o r e t i c a l P h y s i c s " ( A n t r i t t s r e d e ) . Koniglich Preus-

MVm sische Akademie derWisserschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 1 4 1 : 7 3 2 - 7 4 2 . 

In th is speech before t h e Prussian A c a d e m y of Sc iences, E inste in thanked the members for 

welcoming h i m i n t o an a c a d e m y where he could devote h i m s e l f exclusively to research (he had 

no teaching responsibi l i t ies here). He also discussed how a theoret ic ian conducts his work, g i v -

ing relat iv ity t h e o r y as an example. E inste in resigned from the academy in 1933 after the rise 

of the Hitler regime. 

" C o n t r i b u t i o n s t o Q u a n t u m T h e o r y " ( B e i t r a g e z u r Q u a n t e n t h e o r i e ) . Deutsche Physika-

m lische Cesellschaft.Verhandlungen 1 6 ( 1 9 1 4 ) : 8 2 0 - 8 2 8 . 

E inste in attempted to derive Planck's radiat ion law and Walther Nernst's th i rd law of ther-

m o d y n a m i c s in a novel manner, based ent i re ly on t h e r m o d y n a m i c s . T h e proofs introduced the 

q u a n t u m hypothes is . 

a " M a n i f e s t o t o t h e E u r o p e a n s " ( A u f r u f an d i e E u r o p a e r ) . October 1 9 1 4 . W i t h Georg 

• N i c o l a i a n d W i l h e l m Foerster. 

In Einstein's first publ ic statement on a nonsc ient i f ic topic , he responded to a manifesto in 

w h i c h n inety - three German intel lectuals and art ists had defended German m i l i t a r y act ions in 

Europe at the b e g i n n i n g of World War I. T h i s c o u n t e r m a n i f e s t o was drafted by pacif ist , phys i -

c ian, and professor of m e d i c i n e and phys iology Georg Nicolai and signed by E i n s t e i n , Nicola i , 

Foerster, and Otto B u e k . T h o u g h it was widely c i rculated, it was not published unti l 1917, as the 

introduct ion to a book by Nicola i , The Biology of War. U l t ranat ional i s t Germans considered N i c o -

lai a traitor, and he was barred from teaching in J a n u a r y 1 9 2 0 . 



1915 As the Great War continued to plague Europe, Einstein 
struggled intensively to extend his work on relativity ten 
years after publishing his first paper on it. By the end of 
the year, he had a breakthrough and came up with his 
generalized theory of gravitation. He delivered four lec-
tures to the Prussian Academy of Sciences summarizing 
his results. His work and his affair with Elsa were now 
blinding him to the responsibilities of fatherhood, and 
his sons, particularly Hans Albert, were beginning to re-
sent him and his often-unreasonable demands of them. 
He wanted to see them in Zurich that summer, but they 
were away, so he vacationed on the Baltic Sea with Elsa 
and her daughters. He did keep up his correspondence 
with the boys and Mileva, however. He visited the boys 
in September and took Hans Albert on a hiking trip. 

In paper 54 (below), Einstein made his feelings on the 
war known. He was dismayed at the German greed and 
arrogance displayed after victories over Russia, fearing 
that a belief in force and conquests would lead only to 
further harm. As recalled by pacifist Romain Rolland, 
whom Einstein met in September in Switzerland, Ein-
stein favored splitting Germany into two parts—Prus-
sia in the north and southern Germany and Austria in 
the south. 

Einstein was lecturing and publishing widely on rela-
tivity theory. His 1915 theory replaced the Kepler-New-
ton theory of planetary motion, which was based on the 
assumption of absolute space. The new theory was able 
to account for the slow rotation of the orbital ellipse of 
a planet. Using Riemann's non-Euclidean geometry and 
highly nonlinear equations, Einstein was able to predict 
radically new phenomena—the bending of light around 
the Sun and the precession of the perihelion of Mercury. 

While Einstein was postulating his general theory of 
relativity, the world became a frightening place as the 
war swept over Europe. Einstein's friend, chemist Fritz 
Haber, was put in charge of Germany's chemical war-
fare and initiated the use of poison gas. Another Einstein 
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Family displaced by ethnic 

cleansing in the Ottoman 

Empire. Some 1.5 mill ion 

Armenians would be killed or 

sent into the deserts. 

colleague, Walther Nernst, a board member and trustee 
of the Kaiser Wilhelm Institute, also became a leader 
in Germany's chemical warfare effort; both of Nernst's 
sons were killed during the war. Subsequently, the No-
bel Prize in chemistry was won by Haber in 1918 and by 
Nernst in 1920. 

EMMY NOETHER, a German mathematician working at 
the University of Gottingen, proved two mathemati-
cal theorems that were basic for both general relativ-
ity and elementary particle physics. One is still known 
as the Noether theorem, proving a relationship between 
symmetry in physics and conservation principles. Not-
withstanding her great abilities and accomplishments, 
Noether worked without pay as an assistant to David 
Hilbert because women were not allowed on German 
faculties. Einstein interceded on her behalf, praising her 
as a brilliant mathematician, and she was admitted to the 
faculty—still without pay—in 1919; she finally earned a 
salary ih 1922. At her death, Einstein eulogized that she 
was "the most significant creative mathematical genius 
thus far produced since the higher education of women." 

Alexander Graham Bell made the first transcontinen-
tal phone call from New York to San Francisco, and wire-
less service was established between the United States 
and Japan. 

The English father-and-son team of Sir William 



Selected Published Papers and Commentary, 1908 45 

Henry and Sir William Lawrence Bragg received the 
Nobel Prize in physics for their analysis of crystal struc-
ture by means of x-rays. The chemistry prize went to 
Germany's Richard Willstatter for his research on plant 
pigments, especially chlorophyll. 

F ™ 0 " E x p e r i m e n t a l Proof of Ampere's M o l e c u l a r C u r r e n t s " ( E x p e r i m e n t e l l e r N a c h w e i s der 

A m p e r e s c h e n M o l e k u l a r s t r o m e ) ( w i t h W a n d e r J. de H a a s ) . Deutsche Physikalische Ge-

sellschaft.Verhandlungen 1 7 ( 1 9 1 5 ) : 1 5 2 - 1 7 0 . 

Cons ider ing Ampere's hypothesis t h a t m a g n e t i s m is caused by the microscopic c ircular mo-

t ions of electr ic charges, t h e authors proposed a des ign to test Lorentz's t h e o r y t h a t the rotat-

ing particles are electrons. T h e a i m of the exper iment was to measure the torque generated by 

a reversal of the m a g n e t i z a t i o n of an iron cyl inder. 

" E x p e r i m e n t a l Proof o f t h e E x i s t e n c e o f Ampere's M o l e c u l a r C u r r e n t s " ( w i t h W a n d e r 

• J . de Haas) ( in E n g l i s h ) . Koninklijke Akademie van Wetenschappen te Amsterdam. Proceed-

ings 1 8 ( 1 9 1 5 - 1 6 ) . 

E inste in wrote three papers w i t h Wander J. de Haas on exper imental work t h e y did together 

on Ampere's molecular currents, known as the E i n s t e i n - D e Haas effect. He i m m e d i a t e l y wrote 

a correct ion to paper 52 (above) w h e n Dutch p h y s i c i s t H. A. Lorentz pointed o u t an error. In ad-

dit ion to the two papers above, E inste in and de Haas cowrote a " C o m m e n t " on paper 53 later 

in the year for the same j o u r n a l . T h i s topic was o n l y ind i rect ly related to Einstein's interests in 

physics, but, as he wrote to his fr iend Michele Besso, "In my old age I am developing a passion 

for exper imentat ion." 

M" M y O p i n i o n o n t h e W a r " ( M e i n e M e i n u n g i iber den K r i e g ) . W r i t t e n in O c t o b e r - N o -

• v e m b e r 1 9 1 5 b u t n o t p u b l i s h e d u n t i l t h e f o l l o w i n g y e a r in Das Land Coethes 1 9 1 4 - 1 9 1 6 . 

S t u t t g a r t a n d B e r l i n : D e u t s c h e V e r l a g s - A n s t a l t , 1 9 1 6 . 

Th is statement was wr i t ten for a vo lume of "patr iot ic c o m m e m o r a t i o n , " to be publ ished by 

the Goethebund of Berl in, in w h i c h Germans were cal led on to defend German culture in the 

midst of war. E inste in declared t h a t war was rooted in t h e "biological ly d e t e r m i n e d aggressive 

tendencies of t h e male." He upheld pacif ism and rejected war under a n y c i rcumstances . 

C C " O n t h e G e n e r a l T h e o r y of R e l a t i v i t y " ( Z u r a l l g e m e i n e n R e l a t i v i t a t s t h e o r i e ) . Konig/ich 

Preussische Akademie der Wissenschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 1 5 ) : 7 7 8 - 7 8 6 . A n 

a d d e n d u m w a s a d d e d a week later in t h e same j o u r n a l . 

T h i s important paper on general re lat iv i ty begins by recount ing Einstein's three-year search 

for the correct field equat ions of g r a v i t a t i o n . He concluded that "the magic of th is t h e o r y wi l l 

hardly fai l to impose itself on a n y b o d y w h o has tru ly understood it ; i t represents a g e n u i n e tr i -
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umph of the method of absolute different ia l calculus founded by Gauss, R i e m a n n , Christoffel , 

Ricci , and Levi -C iv i ta ." 

" E x p l a n a t i o n o f t h e P e r i h e l i o n M o t i o n o f M e r c u r y f r o m t h e Genera l T h e o r y of Rela-

• t i v i t y " ( E r k l a r u n g der P e r i h e l b e w e g u n g des M e r k u r aus der a l l g e m e i n e n R e l a t i v i t a t s -

t h e o r i e ) . Koniglich Preussische Akademie der Wissenschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 1 5 ) : 

8 3 1 - 8 3 9 . 

E inste in gave an astronomical conf i rmat ion of general relat iv ity, using as an example the 

perihel ion advance of Mercury. 

E q u a t i o n s of G r a v i t a t i o n " ( D i e F e l d g l e i c h u n g e n der G r a v i t a t i o n ) . Koniglich 

%JI m Preussische Akademie der Wissenschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 1 5 ) : 8 4 4 - 8 4 7 . 

Dropping a previous restr ict ion, E inste in rewrote his der ivat ions of his field equat ions of 

grav i tat ion. 

In the three papers above ( 5 5 - 5 7 ) , all publ ished in November 1 9 1 5 , E inste in explained his 

new t h e o r y of g r a v i t a t i o n and the m a t h e m a t i c a l genera l izat ion of the theory of relat iv ity. He 

concluded t h a t , a l though spacetime in the special t h e o r y is geometr ica l ly f lat, in the general 

theory it is curved and includes g r a v i t y as a d e t e r m i n a n t . T h e seminal paper, however, was not 

published unt i l 1 9 1 6 (paper 60 below). Paper 56, however, solved a longstanding problem in as-

t ronomy and was one of t h e major t r i u m p h s of the general t h e o r y of relat iv ity. 

" T h e o r e t i c a l A t o m i s m " ( T h e o r e t i s c h e A t o m i s t i c ) . In Kultur der Gegenwart, e d i t e d by 

• Paul H i n n e b e r g , v o l . 1 , Physik, part 3, sec. 3. L e i p z i g : B. G . T e u b n e r , 1 9 1 5 . A l s o see The 

Collected Papers of Albert Einstein, v o l . 4 , 5 2 1 - 5 3 3 . W r i t t e n i n 1 9 1 3 , p u b l i s h e d in 1 9 1 5 a n d a g a i n 

in 1 9 2 5 in a second e d i t i o n . 

E inste in wrote t h a t an increase in theoret ical s i m p l i c i t y and comprehensiveness m a y be due 

to a reduced number of f u n d a m e n t a l concepts or to independent relations a m o n g the concepts. 

He discussed the q u a n t i t a t i v e relation among t h e coeff ic ients of v iscosity, heat c o n d u c t i o n , 

and d i f fus ion as establ ished by the k inet ic t h e o r y of gases. 

Einstein became chairman of the German Physical So-
ciety, a position he held until 1918. More importantly, 
his long-awaited details on general relativity were pub-
lished. From this time on, the 1905 theory became known 
as special relativity and the 1915 theory, which included 
the phenomenon of gravitation, as general relativity. The 
general theory proposed to explain all laws of physics 

1916 
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in terms of mathematical equations. Furthermore, Ein-
stein renewed his work on quantum theory and pub-
lished three papers on the subject. 

During a year in which millions were killed all over 
Europe and on the seas, Einstein continued his pacifist 
activities. World War I expanded, with Italy declaring 
war on Germany and Germany declaring war on Portu-
gal. Food became scarce and was rationed in Germany. 
Even so, Einstein maintained his friendships with some 
of those who were heavily invested in the war, such as 
Fritz Haber and Walther Nernst. 

In neutral Switzerland, Mileva's health problems con-
tinued to increase, and Einstein became worried about 
her ability to take care of the boys because she was bed-
ridden and depressed. Indeed, Eduard became weak and 
ill and was taken to a children's sanatorium in Arosa to 
recover during the summer. He ended up staying until 
the following spring. 

ARNOLD S O M M E R F E L D of Germany modified Niels Bohr's 
atomic model by specifying that electrons have elliptical 
orbits. Austrian physicist Ernst Mach, who had greatly 
influenced Einstein's thought, died. 

Karl Schwarzschild solved the equations of general 
relativity in the region outside a spherically symmetric 
body (a star). His solution shows that the curvature of 
spacetime becomes infinite if the star's radius is less than 
(2GM)/(c2).This is the famous "Schwarzschild radius"of 
a black hole. 

For the first time, the Nobel Prizes in physics and 
chemistry were not awarded; instead, the prize money 
was put into the organization's Special Fund for the re-
spective prize sections. 

C Q "A N e w F o r m a l I n t e r p r e t a t i o n o f M a x w e l l ' s F ie ld E q u a t i o n s o f E l e c t r o d y n a m i c s " 

( E i n e n e u e f o r m a l e D e u t u n g d e r M a x w e l l s c h e n F e l d g l e i c h u n g e n der E l e k t r o d y -

n a m i k ) . Koniglich Preussische Akademie der Wissenschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 1 6 ) : 

184-188. 

Eduard and Hans Albert Ein-

stein in 1916 
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A " T h e F o u n d a t i o n s o f t h e Genera l T h e o r y o f R e l a t i v i t y " (D ie G r u n d l a g e der a l l g e m e i -

U v i nen R e l a t i v i t a t s t h e o r i e ) . Annalen der Physik 4 9 ( 1 9 1 6 ) : 7 6 9 - 8 2 2 . 

T h i s long and seminal paper is the earl iest complete exposit ion of Einstein's general theory 

of relat ivity, g i v i n g a comprehens ive account of the f inal vers ion of the theory after publ icat ion 

of his latest revis ions in the papers of November 1 9 1 5 . He presented the tools of tensor analysis 

that al lowed h i m to derive t h e general field equat ions for g r a v i t y as a property of n o n - E u c l i d e -

an spacet ime. In c o n c l u s i o n , he discussed the theory's use in expla in ing phenomena such as the 

bending of l ight rays in a grav itat ional field, an a c h i e v e m e n t t h a t helped to establ ish the supe-

r ior ity of general re lat iv i ty over classical N e w t o n i a n theory and thereby redefined the universe. 

He wrote an a d d e n d u m to th is paper that was never publ ished. 

" A p p r o x i m a t i v e I n t e g r a t i o n of t h e F ie ld E q u a t i o n s of G r a v i t a t i o n " ( N a h e r u n g s w e i s e 

U X i I n t e g r a t i o n der F e l d g l e i c h u n g e n der G r a v i t a t i o n ) . Koniglich Preussische Akademie der 

Wissenschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 1 6 ) : 6 8 8 - 6 9 6 . 

" E m i s s i o n a n d A b s o r p t i o n o f R a d i a t i o n in Q u a n t u m T h e o r y " ( S t r a h l u n g s - E m i s s i o n 

Ufaii u n d - A b s o r p t i o n n a c h der Q u a n t e n t h e o r i e ) . Deutsche Physikalische Gesellschaft.Verhand-

lungen 1 9 ( 1 9 1 6 ) : 3 1 8 - 3 2 3 . 

/ J Q " O n t h e Q u a n t u m T h e o r y of R a d i a t i o n " ( Z u r Q u a n t e n t h e o r i e der S t r a h l u n g ) . Physi-

v J i kalische Gesellschaft Zurich. Mitteilungen 1 8 ( 1 9 1 6 ) : 4 7 - 6 2 . Also p u b l i s h e d t h e f o l l o w i n g 

year in Physikalische Zeitschrift 1 8 ( 1 9 1 7 ) : 1 2 1 - 1 2 8 . 

See paper 68 for descr ipt ion. 

f * / I " E l e m e n t a r y T h e o r y of W a t e r W a v e s a n d o f F l i g h t " ( E l e m e n t a r e T h e o r i e der Wasser -

V T i w e l l e n u n d des F l u g e s ) . Die Naturwissenschaften 4 ( 1 9 1 6 ) : 5 0 9 - 5 1 0 . 

E instein had lectured on th is topic, in w h i c h he proposes an airfoi l design, at a meet ing of 

the German Physical Society. On being placed in a m o v i n g f lu id, a body m a y experience a net 

upward force, enabl ing it to serve as an airfoi l . In 1917, a Berlin aircraft firm tested t h e des ign, 

w h i c h fai led. A few months before his death, E inste in a d m i t t e d to Paul Ehrhardt, the test pi lot, 

that "I have often been ashamed of my folly of those days." 

/ J P " " E r n s t Mach." Physikalische Zeitschrift 1 7 ( 1 9 1 6 ) : 1 0 1 - 1 0 4 . 

In th is long eu logy for Ernst Mach, the natural phi losopher who had great ly inf luenced 

h i m , E inste in praised h i m as an or ig inal th inker w h o had great inf luence on t h e epistemological 

or ientat ion of natural sc ient ists . His "phi losophical studies sprang from his desire to find a point 

of v iew from w h i c h the var ious branches of science . . . can be seen as an integrated endeavor." 



1917 

Lenin's address "To the Citizens 

° f Russia"announces the 

formation of the Soviet Union. 

As the United States joined the war on the side of the 
Allies, Einstein wrote his first paper on cosmology, map-
ping out his first model of the universe. He assumed the 
cosmos to be spherically symmetric, flat, and static. 

Early in the year, Einstein displayed the first symp-
toms of serious gastrointestinal problems, and within 
two months he lost fifty-six pounds. It would be four 
years before he would overcome this affliction. Elsa was 
only too happy to take care of him, since he was now 
conveniently situated right across from her fourth-floor 
apartment in the Schoneberg district of Berlin. By De-
cember, he was ill again with an abdominal ulcer and was 
confined to bed for several months. 

In Zurich, Mileva was also ill, as was Eduard. Though 
hospitals and sanatoriums were generally full in the 
midst of war, both Mileva and Eduard were able to gain 
admission to help in their recovery. Einstein wondered 
whether he should bring Hans Albert to Berlin but was 
afraid of Mileva's response to the suggestion, so the boy 
stayed with family friends in Zurich during Mileva's 
hospitalization. By now, Einstein was sending more than 
half of his salary to Mileva and the boys and additional 
funds to his ill mother, so he began to worry about his 
ability to take care of everyone properly. Though many 
people in Germany were literally starving and good food 
was scarce, he was able to get food from his and El-
sa's relatives in southern Germany and from his friend 
Heinrich Zangger in Switzerland. In his letters, Ein-
stein often mentioned the food shortages in Berlin and 
that, with his already sensitive digestive system, this was 
a problem. 

By the end of the year, Einstein's strained relationship 
with Hans Albert eased, and his son began to write more 
affectionate letters. 

In October, about three and a half years after Einstein's 
arrival in Berlin, the Kaiser Wilhelm Institute of Physics 
finally opened, with Einstein as its first director. Its mis-
sion was to promote research in physics and astronomy. 

49 
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IN VIENNA, as Sigmund Freud wrote his Introduction to 
Psychoanalysis, Britain became committed, through the 
Balfour Declaration, to establishing a Jewish homeland 
in Palestine, which had come under its control. 

At Mount Wilson in California, a roo-inch reflect-
ing telescope, which Einstein would visit in 1931, was in-
stalled. 

The Nobel Prize in physics was awarded to Charles 
Glover Barkla, an Englishman working in Edinburgh, 
for his discovery of the characteristic Rontgen radiation 
of the elements. For the second year in a row, the chemis-
try prize money went into the section's Special Fund. 

On the Special and the General Theory of Relativity: A Popular Account (Uber d i e spez ie l le 

• u n d d i e a l l g e m e i n e R e l a t i v i t a t s t h e o r i e : G e m e i n v e r s t a n d l i c h ) . B r a u n s c h w e i g , Ger-

m a n y : V i e w e g , 1 9 1 7 . 

In th is book E i n s t e i n presented a popular expos it ion of re lat iv i ty theory. F i n d i n g it d i ff icult 

to w r i t e , he felt he had no choice but to do so if his theories were to be understood. T h e book 

was a huge success, w i t h fourteen edit ions appear ing between 1 9 1 7 and 1 9 2 2 — a n d it is sti l l 

avai lable. E inste in made minor revisions in subsequent edit ions. Translat ions i n t o other lan-

guages fol lowed, and re lat iv i ty theory came to be more thoroughly understood t h r o u g h o u t the 

world. 

" C o s m o l o g i c a l C o n s i d e r a t i o n s i n t h e G e n e r a l T h e o r y o f R e l a t i v i t y " ( K o s m o l o g i s c h e 

• B e t r a c h t u n g e n z u r a l l g e m e i n e n R e l a t i v i t a t s t h e o r i e ) . Koniglich Preussische Akademie der 

Wissenschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 1 7 ) : 1 4 2 - 1 5 2 . 

Einstein's f irst paper on cosmology was publ ished in the spring. He added a "cosmological 

constant" in an a t t e m p t to balance the field equat ions of general relat ivity. It enabled h i m to 

describe a universe t h a t conformed to w h a t he and everyone else now assumed: a closed and 

static sphere t h a t was coextensive w i t h the Mi lky W a y and would neither expand nor collapse 

on itself; w i t h o u t the cosmological constant , unopposed g r a v i t y would cause the universe to 

collapse. All of modern cosmology goes back to t h i s paper, in w h i c h E instein first appl ied general 

re lat iv ity to cosmological quest ions. 

Twelve years later, however, astronomer E d w i n Hubble, at Mount Wilson Observatory in Cal i -

fornia, found t h a t the galaxies were speeding a w a y from Earth and that the universe is indeed 

expanding. He proved w h a t came to be known as the "big bang" theory, w h i c h had been pro-

posed by Georges LemaTtre, a Belgian Cathol ic priest and cosmologist w h o had studied physics 

at MIT. E i n s t e i n , after meet ing w i t h Hubble at Mount Wi lson Observatory in January 1 9 3 1 (and 

also w i t h LemaTtre in Pasadena in January 1933) , recanted the cosmological c o n s t a n t as the big-
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gest blunder (or words to t h a t effect) of his l ife and publ ic ly rejected it in paper 1 7 1 below. After 

Einstein heard LemaTtre speak about the detai ls of his theory, he is said to have stood up and 

applauded, say ing, "This is the most beautiful and sat isfactory explanation of creat ion to w h i c h 

I have ever l istened." 

Recent exper iments have shown t h a t s o m e t h i n g is pushing e v e r y t h i n g farther apart and fast-

er than it d id in the early universe, and sc ient ists now believ.e that the cosmological c o n s t a n t , 

known by t h e Creek letter lambda ( A ) , is t h e best c a n d i d a t e to explain it . 

(*Q " O n t h e Q u a n t u m T h e o r y of R a d i a t i o n " ( Z u r Q u a n t e n t h e o r i e der S t r a h l u n g ) . Physika-

v O < lischeZeitschrift 1 8 ( 1 9 1 7 ) : 1 2 1 - 1 2 8 . 

A penetrat ing analys is of the properties of photons, th is paper also showed t h a t Planck's law 

for thermal radiat ion could be s i m p l y deduced from assumpt ions t h a t conform to the basic ideas 

of the q u a n t u m t h e o r y of atomic structure, based on the concept of t r a n s i t i o n probabi l i t ies . 

E instein formulated general stat ist ical rules regarding the occurrence of radiat ive t r a n s i t i o n s 

among stat ionary states. In particular, he introduced t h e possibi l i ty of s t i m u l a t e d emiss ion of 

radiat ion, w h i c h is the principle behind the laser ( l i g h t ampl i f icat ion by t h e s t i m u l a t e d e m i s -

sion of r a d i a t i o n ) . 

i J Q " T h e N i g h t m a r e " ( D e r A n g s t - T r a u m ) . BerlinerTageblatt, December 2 5 , 1 9 1 7 . 

w w • In th is short art ic le, E inste in addressed the quest ion of whether t h e f inal exam a d m i n -

istered before students could graduate from high school should be abol ished. E inste in was in 

favor of d i s c o n t i n u i n g the exams, m a i n t a i n i n g t h a t t h e y did not succeed in test ing a student's 

knowledge a n d depended too much on short -term rote learning. He felt t h a t the exam was use-

less as well as h a r m f u l — a teacher could j u d g e students m u c h better over t h e course of m a n y 

years t h a n from one f inal exam, and students had n ightmares preceding the e x a m i n a t i o n be-

cause their whole future rested on passing i t . 

1918 The bedridden Einstein, too weak from his stomach 
problems even to submit his own papers to the vari-
ous journals, enlisted his colleagues to do so for him. By 
April he was feeling better and attended some profes-
sional meetings. In the fall, he took on his normal teach-
ing load at the University of Berlin. 

The Einstein-Maric marriage had no chance of sur-
viving, and in June Einstein signed a divorce agreement 
with Mileva. Toward the end of the year, the couple took 
the first formal steps legally to dissolve the marriage. To 
obtain the divorce, it was necessary for Einstein formally 
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Tsar Nicholas II and his family, 
who would be ousted and later 
executed during the Russian 
Revolution 

to declare himself an adulterer and pay a fine for this of-
fense, plus court costs. The court forbade him to remarry 
for two years, at least in Switzerland. 

Just before the divorce was final, Einstein went to Zur-
ich for a month to deliver several lectures and spend time 
with Mileva and his sons, all of whom had by this time 
reconciled themselves to the end of the marriage. 

The Great War finally ended in November when Kai-
ser Wilhelm II abdicated in Berlin and an armistice was 
signed between Germany and the Allies. A great toll of 
casualties had been taken by both war and illness: an in-
fluenza epidemic swept the world, killing 20-40 million 
before it ended in 1919, while the war dead on both sides 
numbered 8.5 million. All the Einsteins, even those who 
were already weakened by illness, survived. 

At the dawn of a new regime in Germany, after a new 
republic was proclaimed, Einstein was optimistic that a 
free and democratic nation would be possible. He com-
mitted himself to left-wing democratic-socialist goals. 

HE R M A N N W E Y L in Germany produced, in his paper 
"Gravitation and Electricity," the first unified field theory 
in which the electromagnetic and gravitational fields ap-
peared as a property of spacetime. Weyl was one of the 
first scientists to combine general relativity theory with 
the laws of electromagnetism. Einstein, however, imme-
diately saw a serious error in the paper, one that would 
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result in the behavior of clocks being dependent on their 
history. He wrote Weyl on April 15: "If the relation be-
tween ds and the measuring rod and clock measurements 
is dropped, the theory of relativity will lose its empiri-
cal basis." Weyl fought Einstein on this point for many 
years, but Einstein prevailed. Even with its problems, the 
paper was important in ushering in the development of 
modern gauge theory. Weyl reformulated his work in 
1929 after recognizing his errors. 

German physicist Max Planck won the Nobel Prize in 
physics in recognition of his discovery of energy quanta. 
Planck was Einstein's close personal friend and would 
profoundly suffer the consequences of two world wars: 
his elder son was killed in action in 1916, and his daugh-
ter died after childbirth the following year; his house was 
burned down in an air raid during World War II; and his 
other son was executed in 1945 after admitting his part in 
a plot to assassinate Hitler. In addition, Planck's first wife 
had died five years before World War I. 

The Nobel Prize committee resumed awarding the 
prize in chemistry. Einstein's friend Fritz Haber received 
the prize for synthesizing ammonia from nitrogen and 
hydrogen, a technique that became known as the Haber 
process. 

"On Gravitational Waves"(Uber Gravitationswellen). Koniglich PreussischeAkademie der 
• Wissenschaften (Berlin). Sitzungsberichte (1918): 154-167. 

The existence of gravitational waves is one of the greatest predictions of general relativity, 
and it has only recently become technologically possible to search for such waves. Several detec-
tors designed for the purpose were currently under construction. 

n"On the Foundations of the General Theory of Relativity" (Prinzipielles zur allgemei-
• nen Relativitatstheorie)./4nnalen der Physik 55 (1918): 241-244. 

7 0 "Motives for Research" (Motive des Forschens). In Zur Max Planck's sechzigsten Geburts-
• tag. Karlsruhe: C. F. Miillersche Hofbuchhandlung, 1918. Reprinted in Mein Weltbild 
^934) and Ideas and Opinions (1954). 

This paper was based on a lecture that Einstein delivered in Berlin as part of a special ses-
sion of the German Physical Society in honor of German physicist Max Planck's sixtieth birthday. 
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Planck, a professor of theoretical physics at the University of Berlin, is best known for his quan-
tum theory of 1900, the basis for the modern development of atomic physics. Here Einstein de-
scribed Planck as a model scientist, whose daily efforts on behalf of science come from the heart 
and not from any other motivations. 

7 Q "The Law of Energy Conservation in the General Theory of Relativity" (Der Energie-
I satz in der allgemeinen Relativitatstheorie). Koniglich PreussischeAkademie derWissen-
schaften (Berlin). Sitzungsberichte (1918): 448-459. 

7 / 1 "Dialogue on Objections to the Theory of Relativity" (Dialog uber Einwande gegen 
I 1 • die Relativitatstheorie). Die Naturwissenschaften 6 (1918): 697-702. 

This article on the paradoxes of the theory of relativity was written as a dialogue between 
Einstein and his critics. 

7 1 ™ "On the Need for a National Assembly." November 13, 1918. Published in Nathan and 
I V a Norden, Einstein on Peace. 

This speech, given by Einstein at a public meeting of the German nonpolitical but pacifist or-
ganization Bund "Neues Vaterland,"advocated for a legislative assembly. The BNV was devoted 
to promoting individual self-development through a genuine intellectual and moral culture and 
favored political parties that would provide such leadership. Around this time, Einstein began to 
defend himself against unfounded accusations that he was an anarchist or communist. 

"To the Society 'A Guaranteed Subsistence for All'" (An den Verein 'Allgemeine Nahr-
• pflicht'). December 12,1918. Unpublished, but see The Collected Papers of Albert Einstein, 

vol. 7, doc. 16 and its footnotes. 
In this one-page statement, Einstein discussed the program of Austrian philosopher and in-

ventor Josef Popper-Lynkeus to guarantee every person a minimum of goods and services need-
ed for subsistence, especially in times of war and unemployment. Einstein said this was the 
most important social goal of the time, though he disagreed with how Popper planned to run 
the program. Popper's views were, in general, unpopular because his program put the individu-
al's needs ahead of those of the state or of science. 

1919 The year 1919 was a watershed in Einstein's personal life: 
he divorced Mileva; he married Elsa, who would remain 
his wife until her death seventeen years later; he became 
an international celebrity; and he began to identify more 
and more with his Jewish brethren. 
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Beginning the year tumultuously, Berlin experienced 
the left-wing and ill-organized "Spartacist uprising" ear-
ly in January and the murder of its Communist leaders 
Rosa Luxembourg and Karl Liebknecht on January IJ. 
Einstein was in Zurich at the time, getting ready to de-
liver his first cycle of lectures as a visitor at the Univer-
sity of Zurich. 

Early in the year, Einstein moved across the hall into 
Elsa's apartment, where he was given his own room and 
study. In February, ironically on Valentine's Day, he and 
Mileva were formally divorced, with the divorce decree 
stipulating that any future Nobel Prize moneys would 
go to Mileva to support the boys. Albert and Elsa were 
thus free to marry in June. The obligatory two-year wait-
ing period set by the Swiss judge was not enforceable 
in Germany. By now, Ilse was twenty-two years old and 
Margot was twenty, and both young women continued 
to live with the Einsteins, along with Einstein's mother's 
sister, Fanny (who was also Elsa's mother), and brother, 
Jakob. Only one year earlier Ilse had confided to family 
friend Georg Nicolai, a physician and pacifist, that Ein-
stein had proposed marriage to her—with her mother's 
knowledge—but that she had turned him down, saying 
that her love for him was more like that for a father than 
for a prospective spouse. 

Just four days before the wedding on June 2, a British 
scientific expedition to the island of Principe off the West 
African coast, led by Sir Arthur Eddington, England's 
foremost expert on Einstein's theory of general relativ-
ity and director of the Cambridge Observatory, measured 
the bending of starlight by the gravitational field of the 
Sun. A photograph of the total solar eclipse bore out Ein-
stein's theory that gravity would bend light. Einstein be-
came a world celebrity after the Royal Society announced 
the findings in November. Because the theory was so dif-
ficult to understand and explain in nonscientific terms, 
it became all the more mysterious, adding to the myth 
that only Einstein could see a dimension to the universe 

President 1 heodore Roosevelt, 

here seated in his rocking chair, 

dies in 1919. 
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that was beyond almost anyone else's comprehension. He 
enjoyed his sudden fame and was jovial with reporters; 
eventually, however, he began to retreat from the commo-
tion of lifelong celebrity. 

Einstein devoted much of his time now to problems 
of international reconciliation. Through his friendship 
with Zionist activist Kurt Blumenfeld, he became inter-
ested in Zionism and began to support the idea of a Jew-
ish state in Palestine. Until he had come to Berlin, his 
Jewishness had never been an issue with him, for he was 
totally neutral about ethnic distinctions and felt at home 
anywhere he went. Although he supported the Zionist 
ideal of a Jewish homeland, he never joined any Zionist 
organization and did not consider himself a Zionist. In a 
letter of March 25,1955, Einstein thanked Blumenfeld for 
having "helped me become aware of my Jewish soul." 

ER N E S T R U T H E R F O R D , still working on the structure of 
the atom, discovered the proton, the positively charged 
particle within the nucleus. He published the first evi-
dence of artificially splitting atomic nuclei by producing 
hydrogen through the bombardment of nitrogen with al-
pha particles. His discovery made possible the descrip-
tion of electrostatic force: if each of two bodies has an 
excess of electrons or protons, repulsion occurs, but if the 
two bodies differ in their excesses, attraction occurs. 

The Boxer Rebellion in China, 
begun in 1900, leads to the 
trial of rebel leaders. 
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Francis Aston of England built the first mass spectro-
graph capable of measuring the masses of the elements 
with useful precision. 

The Nobel Prize in physics was awarded to Johannes 
Stark of Germany for his discovery of the Doppler ef-
fect in canal rays and the splitting of spectral lines in 
electric fields. Canal rays, discovered in 1886, are positive 
rays that played an important role in the development 
of early-twentieth-century physics but are not widely 
known today. The chemistry prize money again went 
into the section's Special Fund. 

7 7 " D o Gravitational Fields Play an Essential Role in the Structure of the Elementary 
I I • Particles of Matter?" (Spielen die Gravitationsfelder im Aufbau der materiellen Ele-
mentarteilchen eine wesentliche Rolle?) Koniglich Preussische Akademie der Wissenschaften 
(Berlin). Sitzungsberichte (1919): 349-356. 

In this talk to the Prussian Academy of Sciences, Einstein visualized the relations in spherical 
space and discussed the field equations in general relativity from the point of view of the cos-
mological problem and the problem of the constitution of matter. 

7 0 "Comment on Periodical Fluctuations of Lunar Longitude, Which So Far Appeared to 
1 O i Be Inexplicable in Newtonian Mechanics" (Bemerkung iiber periodische Schwankun-
gen der Mondlange, welche bisher nach der Newtonschen Mechanik nicht erklarbar schein-
e n ) . Koniglich Preussische Akademie der Wissenschaften (Ber l in ) . S i t z u n g s b e r i c h t e ( 1 9 1 9 ) : 4 3 3 -

436. 

7 0 T e s t General Theory of Relativity" (Priifung der allgemeinen Relativitats-
I Urn theorie). Die Naturwissenschaften 7 (1919): 776. 

In one small paragraph, Einstein commented on Eddington's expedition to the island of Prin-
cipe to test the general theory of relativity and reported the results. 

Q A "Time, Space, and Gravitation."Times (London), November 28, 1919. 
O v i Writing at the request of the Times, Einstein expressed his appreciation to England and 
English scientists for sparing no expense in testing his theory, "which was perfected and pub-
lished during the war in the land of your enemies." He also discussed various theories and prin-
ciples in physics as they apply to the theory of relativity. 

"Induction and Deduction in Physics"(Induktion und Deduktion der Physik). Berliner 
• Tageblatt, December 25, 1919, morning edition, sec. 4. 
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T h i s art ic le was part of a series of articles by p r o m i n e n t German sc ient ists on the achieve-

ments of German science. E inste in warned t h a t "the t ruth of a theory can never be proven, for 

one never knows if future experience wil l contrad ict its conclusions." 

" I m m i g r a t i o n f rom t h e East" ( D i e Z u w a n d e r u n g a u s d e m O s t e n ) . Berliner Tageblatt, 

m D e c e m b e r 3 0 , 1 9 1 9 , m o r n i n g e d i t i o n . 

E inste in spoke out against those w h o c la imed t h a t Jews c o m i n g in from eastern Europe were 

responsible for Germany's problems after the war. 

"Leo A r o n s as P h y s i c i s t " (Leo A r o n s als P h y s i k e r ) . Sozialistische Monatshefte 5 2 , part 2 

• ( 1 9 1 9 ) : 1 0 5 5 - 1 0 5 6 . 

An o b i t u a r y for a phys ic ist w h o m Einste in a d m i r e d for his pol it ical courage. 

In February, Einstein's mother, who had come to live 
with him and Elsa in Berlin because of her illness, died 
at the age of sixty-two. He wrote to his friend Heinrich 
Zangger that "my mother died a week ago today in ter-
rible agony. We are all completely exhausted." 

Anti-Jewish sentiment began to be seen in Berlin, 
especially directed against Einstein, the new celebrity. 
Outrageous criticisms of relativity theory—which anti-
Semites dubbed the "Jewish science"—came particularly 
from German physicists Philipp Lenard and Johannes 
Stark, both of whom had won the Nobel Prize. 

Einstein tried to ignore these sentiments and involved 
himself with postwar reconstruction. Distraught at the 
high child mortality and mass hunger he saw around 
Berlin, he thanked American and British Quakers for 
their efforts in feeding more than a half-million Ger-
man children. By the end of the year, the League of Na-
tions was ready to assume a major role in humanitarian 
relief efforts. 

Einstein made lecture trips to Holland, where he was 
given an appointment as visiting professor; to Norway; 
and to Denmark, where he visited physicist Niels Bohr, 
whom he had already met during Bohr's trip to Berlin in 
February. 

Adolf Hitler, at the Hofbrauhaus in Munich, pro-

1920 
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nounced his twenty-five-point program for economic 
reform in Germany. The German Workers' Party was 
renamed the National Socialist German Workers'—or 
Nazi—Party, ushering in an era of fascist extremism that 
would last twenty-five years. 

Chaim Weizmann, a Polish-born Zionist leader 
whom Einstein later befriended, became head of the 
World Zionist Organization. Weizmann would become 
the first president of Israel in 1948. 

IN P H Y S I C S , Ernest Rutherford postulated the neutron, 
stating that it was required to keep the positively charged 
protons inside the nucleus from repelling one another. 
The existence of neutrons explains why some atoms have 
the same chemical properties but slightly different mass. 

The Nobel Prize in physics was awarded to Charles 
Edouard Guillaume of Switzerland for his precision 
measurements in physics by which he discovered anom-
alies in nickel-steel alloys. The prize for chemistry went 
to Walther Nernst of Germany for his work in thermo-
chemistry. 

" U p r o a r in t h e Lecture H a l l " ( n e w s p a p e r a c c o u n t c o n t a i n i n g a q u o t e d e x p l a n a t i o n by 

• E i n s t e i n ) . 8-UhrAbendblatt, F e b r u a r y 1 3 , 1 9 2 0 . 

E inste in had a pol icy of a l lowing students w h o were not registered at t h e u n i v e r s i t y to at-

tend his lectures. T h e student counci l protested his open-admiss ion pol icy on behalf of the 

paying students and heckled him d u r i n g a lecture. Some cla imed t h a t the heckl ing was due to 

Alice Pavl sews the thirty-sixth 
star on the suffrage ratification 
banner. Women finally get to 
vote in 1920. 
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anti-Semitism because many unregistered "students" in the audience appeared to be Jews from 
eastern Europe who had immigrated to Berlin, but the student council, administration, and 
Einstein himself denied this. As a result of this "uproar," which continued for several days, the 
administration changed its admissions policy. Soon after this event, Einstein reversed his stand 
slightly by saying that the unregistered public should be allowed into the lecture hall if seats 
were still available after the paying students had been seated. Just in case all seats were taken, 
he also arranged to give a series of free evening lectures outside the elite university. 

Anti-Semitism was growing in Germany after the war, and Einstein wrote two documents on 
the "Jewish question"around this time, but they were not published. 

Q C "A Confession" (newspaper report quoting a statement by Einstein). Israelitisches 
v J i Wochenblatt fur die Schweiz, September 24 , 1 9 2 0 . 

Einstein had been invited to take part in a meeting dedicated to fighting anti-Semitism 
in academic circles, but he declined because he thought such an endeavor would not prove 
fruitful. In this statement, he maintained that Jews must eliminate the anti-Semitism among 
themselves (western European Jews against eastern European Jews) before they could earn 
the respect of others. "Only when we dare to see ourselves as a nation, only when we respect 
ourselves, can we earn the respect of others, or rather, can they arrive at this conclusion them-
selves." He was not concerned with the anti-Semitism exhibited by non-Jews—here he states 
famously that perhaps it is due to such prejudice that Jews have historically banded together 
and survived as a race. "Anti-Semitism will be a psychological phenomenon so long as Jews come 
into contact with non-Jews—what harm can there be in that?... I am a Jew, and I am glad to 
belong to the Jewish people, even though in no way do I consider them the Chosen Ones . . . My 
confession is not meant to be malicious or unfriendly!" 

Q C Ether and the Theory of Relativity (Ather und Relativitatstheorie). Berlin: Springer, 
O U a 1920. 

Einstein's lecture at the University of Leiden on the occasion of his appointment as a visiting 
professor summarized his current views on the ether and retrospectively looked at the develop-
ment of his opinions on the physical properties of space. 

"Propagation of Sound in Partly Dissociated Gases" (Schallausbreitung in teilweise 
• dissoziierten Gasen). Koniglich Preussische Akademie der Wissenschaften (Berlin). Sitz-

ungsberichte (1920): 380-385. 
This paper is off the beaten track for Einstein, who dabbled with fluids (liquids and gases) 

throughout his life. 

Q Q "To the 'General Association for Popular Technical Education'" (newspaper report 
O O A quoting a statement by Einstein). Neue Freie Presse, July 24, 1920, morning edition. 
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The association had solicited this statement. Einstein stressed the importance of showing to 
students and the public the practical applications of science and technology to everyday life, 
stating his belief that a technical education is equal in value to a humanistic one. 

"On New Sources of Energy" (newspaper report quoting a statement by Einstein). 
• BerlinerTageblatt, July 25, 1920, morning edition. 

The French were demanding coal from the Germans as war reparations. Einstein postulated 
that atomic energy might be a powerful alternative source, though he had no data yet to sup-
port this idea. 

"My Response. On the Anti-Relativity Company"(Meine Antwort. Uber die anti-rela-
• tivitatstheoretische G.m.b.H.). BerlinerTageblatt, August 27, 1920, morning edition. 

In the popular Berlin newspaper, Einstein repudiated the attacks against him and relativity 
theory since 1918. The final straw had been two lectures he delivered on August 24 in the Ber-
lin Philharmonic Hall, where his accusers put aside any scientific criticisms and charged him 
with plagiarizing, being hungry for publicity, manipulating the press, conducting un-German 
science, and so on. Outside the hall, his enemies distributed anti-Semitic leaflets and sold swas-
tika lapel pins. Einstein responded to them angrily in this statement and in a lecture a month 
later, after having resisted public responses to earlier provocations. These encounters polarized 
the German physics community, and Einstein's supporters were afraid the campaign against him 
might drive him out of Germany. 

"On the Contribution of Intellectuals to International Reconciliation." In Thoughts on 
• Reconciliation. New York: Deutscher Gesellig-Wissenschaftlicher Verein, 1920. 

The German Social and Scientific Society of New York solicited this statement for an anniver-
sary volume published in the fiftieth year of its founding. The proceeds from the sale were to 
help needy intellectuals in Germany and Austria. 

ft'J "Interview on Interplanetary Communication." Daily /Mail (London), January 31, 
1920. An indirect quotation is in New York Times, February 2, 1920. 

Prompted by "mysterious wireless signals" from an unknown source received in both London 
and New York, a London correspondent contacted Einstein for an explanation. Einstein said 
that there is every reason to believe that Mars and other planets are inhabited but that Martians 
would be more likely to communicate via light rays than through the wireless. He hypothesized 
that the signals were due to either atmospheric disturbances or secret experimentation with 
other systems of wireless telegraphy. 



1921 
Einstein in a New York motor-

cade 

In the spring, Einstein undertook a double mission on 
his first trip to America: a fund-raising tour on behalf oi 
the Hebrew University of Jerusalem and a visit to Prince-
ton University in New Jersey to deliver a series of foui 
lectures on relativity theory. Part of his motivation foi 
the Princeton lectures was financial—he was strapped 
tor money because of his many family obligations, and 
he was looking for financial resources from abroad dur-
ing the difficult postwar economic situation in Germany 
He insisted that Elsa accompany him because of his pool 
health. Leading the trip on behalf of the Zionists and 
Hebrew University was future Israeli president Chaim 
Weizmann, the new president of the World Zionist 
Organization and a British citizen. 

Upon his arrival in New York, Einstein immediatel) 
became popular as he joked with reporters and as city of-
ficials took him on a ticker-tape motorcade through the 
city. In April, he gave lectures to packed auditoriums a1 
Columbia University and the City University of New 

62 
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Eddie Cicotte throws a pitch 
before being banned from the 
game for life after his involve-
ment in the Black Sox scandal. 

York. Before heading to Princeton, he delivered a lec-
ture to the National Academy of Science in Washington, 
D.C. , and briefly visited the White House to meet Presi-
dent Warren Harding. His reception in Washington was 
fairly cool because of his connection with Germany, as 
Americans had not warmed up to the postwar German 
government. 

In Princeton, Einstein was awarded an honorary doc-
torate from the university. He also delivered four lectures, 
published as a book the following year both in England 
and in the United States; it is still in print. The fund-
raising part of the trip was not as successful as the Zion-
ists had hoped, but during this time Einstein seemed to 
cement his Jewish identity. 

Before returning to Germany, the Einsteins stopped in 
England, where Einstein gave lectures at King's College 
at the University of London (published in 1934 in The 
World as I See It) and at Manchester University. He also 
visited the tomb of Newton, leaving a bouquet of flow-
ers. Later in the summer, he took a vacation to go sailing 
with his two sons. 

Though Einstein did not receive the news until the 
following year, he was awarded the 1921 Nobel Prize in 
physics for his 1905 work on the photoelectric effect. Be-
cause some physicists were still disputing relativity theo-
ry, the Nobel award did not mention it. 

In Berlin, Einstein met physicist and inventor Leo 
Szilard, who would later became his collaborator and 
convince him to sign the famous letter to President 
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Einstein with Paul Ehrenfest 

and his son 

Franklin Roosevelt alerting him that the Germans might 
be building an atomic bomb. 

Hitler's stormtroopers began to terrorize his political 
opponents as the German mark plummeted and a steep 
inflationary period set in. 

N P H Y S I C S , Theodor Kaluza wrote down Einstein's 
field equations in five dimensions, reproducing the usual 
four-dimensional gravitational equations plus Maxwell's 
equations for the electromagnetic field. According to this 
hypothesis, electromagnetism is not a separate force but 
an aspect of gravity in a higher dimension. 

The physics prize went to Einstein, and the Nobel 
Prize in chemistry was awarded to Frederick Soddy of 
England for his work on the chemistry of radioactive 
substances and his investigations into the origin and na-
ture of isotopes. 

Q Q "Einstein on Education." Nation and Athenaeum 30 (1921): 378-379. 
V W i This article was not written by Einstein but was probably based on an interview with 
him, quoting him on matters of mathematical and scientific education. Einstein concluded that 
present-day education is too concerned with abstractions and should be more hands-on, that 
testing students with exams should not be necessary, and that the school day should be a maxi-
mum of six hours. 
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M"The Common Element in Artistic and Scientific Experience" (Das Gemeinsame am 
• kiinstlerischen und wissenschaftlichen Erleben). Menschen. Zeitschrift neuer Kunst 4 

(1921): 19. 
In this short statement, Einstein emphasized that art and science have common elements. 

Both give expression to creativity: in science through logic and in art through form, and both 
help one escape from merely personal concerns. 

A I™ Geometry and Experience (Geometrie und Erfahurung) (the last part of a lecture, which 
\t%Jm appeared first as a reprint). Berlin: Springer, 1921. (English version published in Side-
lights on Relativity. London, Methuen, 1922.) 

Lecturing to a commemorative session of the Prussian Academy of Sciences in honor of Fred-
erick the Great, Einstein discussed the special esteem enjoyed by mathematics. He summed up 
his views on the geometrization of physics and relativity and the relation of mathematics to the 
external world. He questioned whether human reasoning, even without direct experience, could 
lead to an understanding of the properties of real things merely through thought. Considering 
the puzzling question of why mathematics should be so well adapted to describing the external 
world, he concluded:"As far as the laws of mathematics refer to reality, they are not certain; and 
as far as they are certain, they do not refer to reality." 

Q £ Brief Outline of the Development of the Theory of Relativity." Nature 106 (1920-
V r U a 21): 782-784.Translation by Robert Lawson based on a German manuscript. 

In a special issue of Nature devoted to relativity theory, Einstein and other European contrib-
utors wrote about the contemporary results and problems of the theory in the hope of restoring 
international scientific cooperation after the war. Einstein described the sequence of ideas that 
had led to his theory and concluded with prescient remarks on the remaining questions. 

Q " 7 "On a Natural Addition to the Foundation of the General Theory of Relativity" (Uber 
vr I • eine naheliegende Erganzung des Fundamentes der allgemeinen Relativitatstheorie). 
Konig/ich PreussischeAkademie derWissenschaften (Berlin). Sitzungsberichte (1921): 261-264. 

Q Q "In My Defense" (Zur Abwehr). Die Naturwissenschaften 9 (1921): 219. 
vQm Einstein expressed outrage about a preface fabricated by Lucien Fabre and attributed to 
Einstein, published within Fabre's popular article on relativity for a French journal. Fabre was a 
French engineer, poet, and novelist who had claimed in another article that Henri Poincare was 
the true discoverer of relativity. Fabre had a reputation for being a "reactionary and Jew-hater." 

Q Q S 'mP'e Application of the Newtonian Law of Gravitation to Globular Star Clus-
if m ters" (Eine einfache Anwendung des Newtonschen Gravitationsgesetzes auf die 
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kugel formigen S t e r n h a u f e n ) . In Festschrift der Kaiser-Wilhelm-Cesellschaft zur Forderung der Wis-

senschaften zu ihrem zehnjahrigen Jubilaum, 5 0 - 5 2 . Berlin: Springer, 1 9 2 1 . 

A contribution to the Festschrift published on the occasion of the tenth anniversary of the 
Kaiser Wilhelm Society of Berlin. 

1 A A "How I Became a Zionist" (Wie ich Zionist Wurde). Jiidische Rundschau, June 21, 
I v U i 1921, pp. 351-352. 

In an interview by the editor of the Jewish magazine, Einstein maintained that intellectuals 
are the propagators of anti-Semitism, that elites use anti-Semitic sentiments for political gain, 
but that hatred comes from those who are "primitive and uneducated"about those who are dif-
ferent from them. He reiterated his indifference to Judaism as a religion. 

M"On a Jewish Palestine"(based on an address given by Einstein in Berlin on June 27, 

• 1921). Jiidische Rundschau, July 1, 1921, p. 371. 
Einstein emphasized the importance of Palestine as a symbol of cultural unity over its im-

portance as a Jewish settlement; cultural unity was the basis for his support for Zionism at this 
time. In the English-language translation of the preceding article in the Jewish Chronicle of June 
17, 1921, Einstein had spoken out against confining Jewish ethnic nationalism to Palestine, be-
lieving that Jews should be acknowledged in the Diaspora wherever they lived; otherwise the 
world would deny the existence of a Jewish people. He felt that American Jews were more aware 
of this fact than were German Jews, who seemed more eager to assimilate. 

"Einstein's Impressions of America: What He Really Saw" (Einsteins amerikanische 
• Eindriicke. Was er wirklich sah). Vossische Zeitung, July 10, 1921, morning edition, 

suppl. 
After Einstein's trip to America in 1921, he made some remarks about Americans that were 

not popular back in the States, especially one in which he characterized American men as the 
lap dogs of their wives. In this article he attempted to explain, if not recant, his statements. 
He did say that his previously published remarks were misrepresented. He commended Ameri-
cans on their warmth and friendliness and expressed admiration for their close relationships 
between students and teachers. He also said he felt that American patriotism is not so much 
nationalistic as an inner pride of country. 

"On the Founding of the Hebrew University of Jerusalem" (Zur Errichtung der 
• hebraischen Universitat in Jerusalem). Jiidische Pressezentrale Zurich, August 26, 

1921. 
In this article, Einstein supported the establishment of a university in Jerusalem, advocat-

ing an emphasis on the sciences and health professions. He felt that it was necessary for a Jew-
ish homeland to have a university both for its own citizens and also to give Jews who had been 
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barred from other univers it ies a place to study, teach, and conduct r e s e a r c h . T h e hope was t h a t , 

w h e n such an i n s t i t u t i o n gained a d i s t i n g u i s h e d internat ional reputat ion, Jews would no longer 

be inc l ined to hide their group i d e n t i t y wherever t h e y m i g h t work. 

4 A i l " O n a n E x p e r i m e n t C o n c e r n i n g t h e E l e m e n t a r y Process o f L i g h t E m i s s i o n " (Uber 

A w ^ a e i n den E l e m e n t a r p r o z e s s der L i c h t e m i s s i o n betreffendes E x p e r i m e n t ) . Kdniglich 

PreussischeAkademie derWissenschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 2 1 ) : 8 8 2 - 8 8 3 . 

" T h e P l i g h t o f G e r m a n S c i e n c e : A Danger for t h e N a t i o n " ( D i e N o t der d e u t s c h e n 

• W i s s e n s c h a f t . E i n G e f a h r f u r d i e N a t i o n ) . Neue Freie Presse, D e c e m b e r 2 5 , 1 9 2 1 , 

m o r n i n g e d i t i o n . 

A statement sol ic ited by the editor to promote sc ient i f ic interests between G e r m a n y and 

Austr ia . 

As Wilhelm Cuno took over as chancellor of Germany, 
Einstein completed his first paper on a unified field the-
ory, for which he would continue to search for the rest 
of his life. In his hometown of Ulm, a small street was 
named after him; in 1933 the Nazis changed the name to 
something else, but it was restored after the war. 

With Marie Curie, H. A. Lorentz, and others, Ein-
stein joined the League of Nations' Commission on In-
tellectual Cooperation. 

Einstein's distractions became more and more non-
scientific as the times hurled him, along with millions of 
others, into the politics and social climate of a changing 
world. Germany was continuing to experience economic 
hardship and depression, communism was gaining ad-
herents in the east, being especially popular among the 
poor, and many thought Jews were good scapegoats for 
both these circumstances. Anti-Semitism became wide-
spread. 

Still, most Germans celebrated Einstein. They want-
ed the prestige of his name to add gloss to their institu-
tions even as he criticized them. He remained friendly, 
informal, and "democratic" toward all, believing that one 
should respect honest people even when they have views 
different from one's own. After a nationalist fanatic as-

1922 



sassinated the newly elected German foreign minister, 
Walther Rathenau, a Jew and a friend, Einstein took heed 
and began to remove himself from any controversial po-
litical arenas. Indeed, he was warned not to make any 
public appearances for the sake of his safety. He wrote to 
his friend Maurice Solovine on July 16: "There has been 
much excitement here ever since the abominable murder 
of Rathenau. I myself am being constantly warned to be 
cautious, have canceled my lectures, and am officially 'ab-
sent,' although actually I have not left." But he did begin 
to think about resigning from the Kaiser Wilhelm Insti-
tute and moving away. 

First, however, came the opportunity to take anoth-
er extended trip abroad, this time to Japan, with stops 
in Palestine and Spain on the return trip. He and Elsa 
were the guests of a Japanese publishing house, Kaizo-
sha, which offered him generous compensation for a 
series of lectures throughout Japan. The Einsteins left 
Germany at the beginning of October and headed to 
Marseilles to board the Japanese steamer Kitanu Maru. 
Stops along the way included Singapore, Hong Kong, 
Ceylon, and Shanghai. 

Einstein again developed abdominal pains and was 
attended by the ship's doctor. On his way to Shanghai, 
he received news that no doubt made him feel much 
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Physicist Niels Bohr 
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better: he had been awarded the Nobel Prize in phys-
ics for 1921 for his work on the photoelectric effect, pub-
lished in 1905. With the added prestige of being a Nobel 
laureate, he lectured in Tokyo, Sendai, Kyoto, and Fukuo-
ka during his six-week tour of Japan, which he ended by 
playing his violin at a Y M C A Christmas party. 

A month and many memories later—which he re-
corded in a travel diary that is still in the Einstein archive 
(the portion about his trip to Japan has been published 
in that country)—he was on the shores of Palestine. His 
visit would leave a lasting impression on him and influ-
ence the direction of his future life. 

1 D W I N H U B B L E , a former lawyer who became an astron-
• omer, demonstrated from 1922 to 1924 that nebulae con-

taining Cepheid stars are not located within the Milky 
Way Galaxy but are situated in other, more distant galax-
ies. This discovery revolutionized our knowledge about 
the cosmos. Russian physicist Alexander Friedmann, 
based on earlier work by Willem de Sitter, showed that 
the universe—as described by Einstein's equations— 
could expand or contract. 

Niels Bohr of Denmark won the Nobel Prize in phys-
ics for his investigations into the structure of atoms and 
the radiation emanating from them. Francis W. Aston of 
England, a keen sportsman and musician as well as sci-
entist, received the award in chemistry for the discovery, 
by means of his mass spectrograph, of isotopes in a large 
number of nonradioactive elements and for his enuncia-
tion of the whole-number rule. 

106. "Conditions in Germany." New Republic 32 (1922): 197. 

1 A ^ " 'n Memorium Walther Rathenau." Neue Rundschau 33, part 2 (1922): 815-816. 
• V I • A eulogy for the slain German foreign minister, assassinated by two right-wing army 
officers on June 24, 1922. Leaders of the Nazi Party had accused Rathenau of being part of a 
"Jewish-Communist conspiracy." 
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"Impact of Science on the Development of Pacifism." German contribution to Kurt 
• Lenz and Walter Fabian, eds., Die Friedensbewegung (The Peace Movement), 78-79. 

Berlin: Schwetschke, 1922. 
Because technical inventions that arise from science have international consequences, in-

cluding military applications, men must create organizations dedicated to preventing wars 
whenever there is a possibility that such products might be used violently. 

1 A A "Four Lectures on the Theory of Relativity, Held at Princeton University in May 
I v v i 1 9 2 1 " (Vier Vorlesungen iiber Relativitatstheorie gehal ten im Mai 1921 an der Universitat 

Princeton). Braunschweig, Germany: Vieweg, 1922. (English version published by Methuen 
in London as The Meaning of Relativity, translated by Edwin P. Adams. See also 5th ed., pbk., 
Princeton Science Library. Princeton, N.J.: Princeton University Press, 1988.) 

In 1921, Einstein had made his first trip to the United States, chiefly on a mission to raise 
funds for the establishment of the Hebrew University of Jerusalem. Princeton University had in-
vited him to give a series of three lectures a week over a two-month period, for which he asked 
fifteen thousand dollars in compensation. In a compromise, the series was cut to four lectures 
called "The Meaning of Relativity,"for which he received a much smaller fee. This book is based 
on these lectures. 

"Theoretical Observations on the Superconductivity of Metals" (Theoretische Be-
• merkungen zur Supraleitung der Metalle). In Gedenkboek Kamerlingh Onnes (Com-

memorative Volume for Kamerlingh Onnes), 429-435. Leiden: Ijdo, 1922. 

m "Experiment Concerning the Limits of Validity of the Wave Theory" (Experiment 

• betreffend die Giiltigkeitsgrenze der Undulationstheorie). Koniglich Preussische 
Akademie der Wissenschaften (Berlin). Sitzungsberichte (1922): 4. 

"Theory of the Propagation of Light in Dispersive Media" (Theorie der Lichtfort-
• p f l a n z u n g in d i sperg ierenden Medien) . Koniglich Preussische Akademie der Wissen-

schaften (Berlin).Sitzungsberichte (1922): 18-22. 

m "Quantum-Theoretical Observation on the Stern-Gerlach Experiment" (Quanten-

• theoretische Bemerkung zum Experiment von Stern und Gerlach) (with Paul 
Ehrenfest). Zeitschriftfiir Physik 11 (1922): 31-34. 

The two physicists demonstrated that the Stern-Gerlach effect, discovered in 1922, had to 
overcome insurmountable difficulties if it were to show the behavior of atoms in a magnetic 
field. See paper 198 for more on Ehrenfest, one of Einstein's closest friends. 
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" H o w I D iscovered t h e T h e o r y of R e l a t i v i t y " ( W i e ich d ie R e l a t i v i t a t s t h e o r i e e n t -

• d e c k t e ) . I n f o r m a l l e c t u r e at t h e U n i v e r s i t y o f Kyoto, J a p a n , D e c e m b e r 1 4 , 1 9 2 2 . 

( N o t e s t a k e n b y Y u n I s h i w a r a a n d t r a n s l a t e d i n t o E n g l i s h b y Y. A . O n o i n Physics Today, A u g u s t 

1 9 3 2 , p. 4 5 . ) 

Einstein's translator on th is tr ip was Japanese phys ic ist Yun Ishiwara. Ishiwara publ ished his 

notes of the lecture in 1923 in Tokyo and had t h e m reprinted there in 1 9 7 1 . 

Early in the year, Einstein and his wife, Elsa, were com-
pleting their journey to Palestine, where Einstein laid 
the cornerstone of the first building of the Hebrew Uni-
versity of Jerusalem. The couple traveled on to France 
and Spain before returning to Berlin in the middle of 
March. 

In July, Einstein went to Sweden to deliver his No-
bel lecture. After some disagreements with Mileva about 
how to use the Nobel Prize money, they decided to buy 
three multifamily houses in the Zurich area, whose rent-
al income should assure Mileva's financial security. That 
summer, Einstein spent time with his teenage sons vaca-
tioning in southern Germany. 

Einstein resigned from his post on the League of Na-
tions' Commission on Intellectual Cooperation because 
he felt it had neither the strength nor the will to accom-
plish its stated mission, and as a pacifist he could no lon-
ger support it. He tried to come to terms with his Prus-

Crossing from the Atlantic to 
the Pacific Ocean, or back, 
is easy now that the Panama 
Canal is a fully operational 
success. 

1923 
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Booze is banned. Prohibition 
officers raid a D.C. speakeasy. 

sian and German nationality as a period of economic 
stability seemed to begin with the end of inflation. 

Hitler's "Beer Hall Putsch" (coup d'etat) in Munich 
failed, and he was arrested and subsequently sentenced 
to five years in prison. Fascism was also sweeping Ita-
ly, whose leaders were dissolving all nonfascist political 
parties. 

> I G M U N D F R E U D — w i t h whom Einstein would corre-
' spond in 1929,1932, and 1936—published The Ego and the 

Id, and Arthur Eddington published The Mathematical 
Theory of Relativity, which Einstein considered the finest 
presentation of the subject in any language. 

The Electrolux Company produced the first electric 
refrigerator, and Vladimir Zworykin, a Russian immi-
grant working at Westinghouse, invented and patent-
ed the first iconoscopic television camera tube. It was 
not until 1929, however, after he teamed up with another 
Russian immigrant, David Sarnoff, at R C A that he re-
ceived the managerial and financial backing to develop 
his invention into a marketable product. The R C A team 
finally introduced its television ten years later at the 1939 
World's Fair in New York. 

Robert Millikan of the United States was awarded the 
Nobel Prize in physics for his experimental work that de-
termined the charge on the electron and on the photo-

Sigmund Freud's psychoanaly- electric effect. Millikan had met Einstein at Caltech in 
sis revolutionizes psychology. Pasadena two years earlier. The chemistry prize went to 
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Fritz Pregl of Austria for his method of microanalyzing 
organic substances. 

1 1 1 % " M y I m p r e s s i o n s of P a l e s t i n e . " N e w Palestine 4 ( 1 9 2 3 ) : 3 4 1 . 

I iXvb Einstein recounted his experiences and feelings during his visit to the future Jewish 
homeland. He was not yet concerned about an "Arab question," declaring that Jews and Arabs 
appeared to live in harmony and that the major problems were those of sanitation, malaria, 
and debt. By the end of the decade, after major anti-Jewish disturbances, he became more con-
cerned about the Arabs and their rights. 

1 1 C "<-)n General T h e o r y o f R e l a t i v i t y " ( Z u r a l l g e m e i n e n R e l a t i v i t a t s t h e o r i e ) . Konig-

JLXUi lich PreussischeAkademie derWissenschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 2 3 ) : 3 2 - 3 8 

( n o t e a p p e n d e d o n 7 6 - 7 7 ) . 

117. " T h e o r y of R e l a t i v i t y . " Nature 1 1 2 ( 1 9 2 3 ) : 2 5 3 . T r a n s l a t i o n o f a n a r t i c l e w r i t t e n f i rst 

in F r e n c h for t h e Bulletin of the Societe frangaise de philosophie 22 ( 1 9 2 3 ) : 9 7 - 1 1 2 . 

lis. ' T h e o r y o f t h e A f f i n e F ie ld." Nature 1 1 2 ( 1 9 2 3 ) : 4 4 8 - 4 4 9 . 

1 1 0 " F u n d a m e n t a l Ideas a n d P r o b l e m s o f t h e T h e o r y of R e l a t i v i t y " ( C r u n d g e d a n k e n 

> X v i u n d Probleme der R e l a t i v i t a t s t h e o r i e ) . In Nobelstiftelsen: Les prix Nobel en 1 9 2 1 -

1922 . S t o c k h o l m : I m p r i m e r i e Royale , 1 9 2 3 . 

This paper presents the Nobel lecture delivered in Coteburg, Sweden, on July 11, 1923. Be-
cause Einstein did not deliver the lecture at the same time as he received the award, it did not 
concern the prize topic—the discovery of the photoelectric effect—but surveyed relativity 
theory instead. 

1 < J A "Does Field T h e o r y Offer P o s s i b i l i t i e s for t h e S o l u t i o n of Q u a n t u m P r o b l e m s ? " ( B i e -

t e t d ie F e l d t h e o r i e M o g l i c h k e i t e n fur d i e Losung des Q u a n t e n p r o b l e m s ? ) . Kdniglich 

PreussischeAkademie derWissenschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 2 3 ) : 3 5 9 - 3 6 4 . 

Despite great successes in quantum theory for a quarter of a century, there was still no logi-
cal foundation for the theory, and one must question whether the remaining difficulties could 
be overcome by the consistent development of earlier theories. 

m"On t h e Q u a n t u m T h e o r y of t h e R a d i a t i v e E q u i l i b r i u m " ( Z u r Q u a n t e n t h e o r i e des 

• S t r a h l u n g s g l e i c h g e w i c h t s ) ( w i t h Paul E h r e n f e s t ) . Zeitschrift fur Physik 1 9 ( 1 9 2 3 ) : 

3 0 1 - 3 0 6 . 
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Marcus Carvey founds the 
Back-to-Africa movement. 

The Einsteins celebrated the wedding of Elsa's elder 
daughter, Ilse, who married journalist Rudolf Kayser. In 
1930 Kayser would publish the first biography of Einstein 
under the pen name of Anton Reiser. After the marriage 
of Ilse, whom he had once loved, Einstein became enam-
ored with his new secretary, Betty Neumann, but ended 
the relationship by the end of the year. Later, a succes-
sion of other women entered Einstein's life. He had 
affairs with some and ignored others, especially those 
who wrote to him offering to become his wife after he 
became a widower. His marital relationship with the 
good-natured Elsa was grounded on companionship 
rather than passion, and there is no indication that she 
was jealous about her husband's dalliances. More than 
likely, she resigned herself to these short-term affairs and 
took pleasure in being the wife of a famous man, confi-
dent that he would never leave her. 

Having second thoughts about giving up his member-
ship, Einstein rejoined the League of Nations commis-
sion he had abandoned the previous year. His goal now 
was to use the organization to effect worldwide stan-
dardization of terminology in physics and chemistry. He 
even attended a meeting of the commission in Geneva. 
In December, the Einstein Tower observatory and labo-
ratory, an expressionist, early modern piece of architec-
ture, was officially opened in Potsdam near Berlin. 

By the middle of May, Einstein wrote to a friend that 
political conditions in Germany had become more set-
tled and that his life was more tranquil. Although Hit-
ler was sentenced to five years in prison for his attempt-
ed coup, he was released after eight months for "good 
behavior." While in prison, he wrote Mein Kampf (My 
Struggle), in which he expressed his hatred of Jews and 
Slavs, berated democracy, and detailed his blueprint for 
achieving German supremacy. 

In December, Einstein made his last major scientif-
ic discovery: by analyzing statistical fluctuations he ar-
rived at an independent argument for the association of 
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Babe Ruth, "The Sultan of 
Swat," crosses home plate for 
the New York Yankees. 

waves with matter. He also predicted that a state of mat-
ter might exist in which a collection of bosons, below a 
certain temperature, all occupy the ground-state energy 
level. This was called the Bose-Einstein condensate, af-
ter Einstein and Indian physicist Subramanyan Bose. 
Wolfgang Ketterle, Eric Cornell, and Carl Wieman were 
awarded the Nobel Prize in physics in 2001 for creating a 
Bose-Einstein condensate in their laboratory. 

THE S K E L E T O N BONES ofMesozoic dinosaurs (70 mil-
lion to 220 million years old) were discovered in the Gobi 
Desert in Mongolia. Sigmund Freud began to publish 
his Collected Writings, which would include twelve vol-
umes by 1939. English astronomer Arthur Eddington, 
whose experiment had confirmed Einstein's general the-
ory of relativity, discovered that the luminosity of a star is 
related to its mass. 

Edwin Hubble, using the 100-inch telescope on 
Mount Wilson, measured the distance to the nearest spi-
ral galaxies—two million light-years, a distance so great 
that our galaxy appeared to shrink overnight. Louis de 
Broglie, after having offered his thoughts on the nature 
of matter, waves, and quanta the previous year, predicted 
that all matter, from electrons to balloons, has the prop-
erties of both particles and waves. 
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J. Edgar Hoover becomes direc-

tor of the FBI. 

The Nobel Prize in physics went to Karl M . G. Sieg-
bahn of Sweden for his discoveries and research in the 
field of x-ray spectroscopy. The prize money in the 
chemistry division, meanwhile, was allocated to the sec-
tion's Special Fund. 

1 Q Q "The Compton Experiment"(Das Komptonsche Experiment). BerlinerTageblatt, April 
20, 1924, suppl. 

Einstein discussed Arthur Compton's discovery of 1922 that an x-ray's wavelength is increased 
when incident radiation is scattered by free electrons, implying that the scattered quanta have 
less energy than the quanta of the original beam. This effect is now known as the Compton ef-
fect and clearly illustrates the particle concept of electromagnetic radiation. Compton would re-
ceive the Nobel Prize in physics in 1927 for this discovery. 

1 Q Q "On the One-Hundredth Anniversary of Lord Kelvin's Birth" (Zum hundertjahrigen 
I f a J i Cedenktag von Lord Kelvins Ceburt). Naturwissenschaften 12 (1924): 601-602. 

The work of Lord Kelvin (W.Thomson) was based in its entirety on the fundamentals of New-
tonian mechanics. Einstein recounted its influence on other researchers, such as James Clerk 
Maxwell. Instead of giving an overview of Thomson's life, he gave a few examples of the scien-
tist's work that he found particularly appealing. 

"Quantum Theory of Monatomic Ideal Cases" (Quantentheorie des einatomigen 
• idealen Cases). Kdniglich Preussische Akademie der Wissenschaften (Berlin). Sitzungs-

berichte (1924): 261-267. Other treatises on the subject were published in 1925 in the same 
journal, pp. 3-14 and 18-25. 

Einstein envisioned the penetrating analogy between the properties of thermal radiation and 
of gases of the "degenerate state,"extending the Bose method to the monatomic gases and pre-
dicting the Bose-Einstein effect. 
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"On the Ether" (Uber den Ather). Schweizerische Naturforschende Gesellschaft.Verhand-
• lungen 105, part 2 (1924): 85-93. 

"On the Theory of Radiometric Forces" (Zur Theorie der Radiometerkrafte). Zeit-
• schriftfiir Physik 27 ( 1 9 2 4 ) : 1 - 6 . 

After having declined an invitation to lecture in South 
America in 1922, Einstein accepted the offer in 1925 and 
embarked on a voyage to Argentina, Uruguay, and Brazil. 
He was feted there by each country's scientific organiza-
tions and German communities. 

In solidarity with Gandhi and affirming his own paci-
fist convictions, Einstein, along with Rabindranath 
Tagore, H. G. Wells, and others, signed a manifesto 
against compulsory military service. 

In the fall, Einstein became a member of the board 
of governors of the newly founded Hebrew University 
in Jerusalem. He soon found himself at odds with other 
members of the board, which was heavily influenced by 
American Jewry, who felt they had the right to deter-
mine the course of the university because of their large 
financial contributions. Einstein had visualized a research 
and teaching university that would take into account the 
needs of Jews emigrating to Palestine, but the Ameri-
cans envisioned primarily a teaching college that would 
give prestigious employment opportunities to those they 
favored. 

Though Einstein had begun to depart from the kind 
of research conducted by most theoretical physicists, 
the Royal Society of London awarded him the Copley 
Medal, its highest honor. 

In Germany, Paul von Hindenburg was elected presi-
dent and Hans Luther chancellor. Hitler published vol-
ume 1 of Mein Kampf, written while he was imprisoned 
in Bavaria and published by F. Eher in Munich, as he re-
organized the Nazi Party. 

1925 
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CA L T E C H ' S R O B E R T A. M I L L I K A N discovered the presence 
of cosmic rays in the upper atmosphere. Samuel Goud-
smit and George Uhlenbeck assigned angular momen-
tum to electrons and established that they have a quan-
tum-mechanical property similar to spin. In a seminal 
paper, Werner Heisenberg changed the relationship be-
tween physical concepts and mathematical symbols by 
using matrices to model quantum systems, thereby es-
tablishing "matrix mechanics." 

German physicist Wolfgang Pauli formulated his 
"Pauli exclusion principle"—that no two electrons can 
be in the same energy state. This helped to explain atom-
ic structure statistically. Following on this, Enrico Fermi 
and Paul Dirac devised a statistical mechanics valid for 
a family of particles (fermions, which include electrons) 
subject to the exclusion principle, now known as Fermi-
Dirac statistics. 

The Nobel Prize in physics was awarded jointly to 
James Franck and Gustav Hertz of Germany for their 
discovery of the laws governing the impact of an elec-
tron upon an atom. The chemistry prize went to Rich-
ard Zsigmondy of Germany and Austria for his demon-
stration of the heterogeneous nature of colloid solutions 
and for the techniques that have become fundamental in 
modern colloid chemistry. 

"Mission of Our University." New Palestine 8 (1925): 294. 
• As a new member of the g o v e r n i n g board of the Hebrew U n i v e r s i t y of Jerusalem, 

E inste in o u t l i n e d the goals of the newly establ ished univers i ty for w h i c h he had helped raise 

funds. 

"Unified Field Theory of Gravitation and Electricity"(Einheitliche Feldtheorie von 
• Gravi tat ion und Elektr iz itat) . Kdniglich PreussischeAkademie derWissenschaften (Ber-

lin). Sitzungsberichte (1925): 414-419. 

"The Electron and Unified Field Theory" (Elektron und einheitliche Feldtheorie). 
• Physica 5 (1925): 330-334. 
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< Q A "Quantum Theory of Ideal Cases" (Quantentheorie des idealen Cases). Koniglich 
J , j U a Preussische Akademie der Wissenschaften (phys.-math. Klasse) (Ber l in ) .S i tzungsber i chte 

(1925): 18-25. 
Extending the Bose method to monatomic ideal gases, Einstein predicted Bose-Einstein con-

densation and the rediscovery of wave properties of particles of matter. 

m"Eddington's Theory and the Hamiltonian Principle" (Eddington's Theorie und 
• Hamiltonsches Prinzip). Appendix to German edition of A. S. Eddington, The Theory 

of Relativity in Mathematical Perspective (Relativitatstheorie in mathematischer Behandlung). Berlin, 

1925. 

From this point on, Einstein's major contributions in 
physics began to dwindle, although he continued to pub-
lish some scientific papers. In middle age, he would con-
tribute to the debate on quantum mechanics, but his 
search for a unified field theory was hitting a dead end, 
though he continued to work on it until his death. (See 
more on this quest in the section for 1951-52, below.) Be-
cause of his accomplishments and charismatic personal-
ity, his reputation as the greatest living scientist did not 
diminish. Indeed, in 1926 the Royal Astronomical So-
ciety awarded him its Gold Medal and the Academy of 
Sciences of the U S S R made him an honorary member. 

In Germany, the Hitlerjugend fascist youth organiza-
tion was founded, and the country was admitted to the 
League of Nations. Paul Joseph Goebbels became the 
Nazi Party leader in Berlin. 

ER W I N S C H R O D I N G E R initiated the development of the fi-
nal quantum theory by describing wave mechanics in terms 
of a differential equation. He showed complete mathe-
matical equivalence to matrix mechanics. Later in 1926, 
Max Born stated that the so-called wave function does 
not describe the behavior of any particle but interpreted 
the equation in terms of a probability: "quantum mechan-
ics" was completed. Still later in 1926, Werner Heisenberg 
used unified quantum mechanics to quickly calculate the 
spectrum of several states of the helium atom. 

1926 
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Robert Goddard finished building a spindly, ten-foot-
long liquid-fuel rocket he nicknamed Nell. He set up 
the missile on his aunt's farm field, and an assistant lit 
the fuse with a blowtorch attached to a long stick. After 
some hesitation, the rocket zoomed into the sky at sixty 
miles per hour to an altitude of forty-one feet and then 
plummeted into a frozen cabbage patch after two and a 
half seconds. 

Robert Watson-Watt proposed the word ionosphere for 
the upper layer of the atmosphere, where the ionization 
of gases affects the propagation of radio waves. Gregory 
Breit and Merle Tuve measured the distance to the ion-
osphere by measuring the time needed for a radio signal 
to bounce back. 

The Nobel Prize in physics went to Jean Perrin of 
France for his work on the discontinuous structure of 
matter, especially his exploration of the sedimentation 
equilibrium. His experiments confirmed Einstein's 1905 
paper on Brownian motion. The chemistry prize was 
awarded to The Svedberg of Sweden for his work on dis-
perse systems. 

"On the Cause of the Formation of Meanders in the Courses of Rivers" (Uber die 
• Ursache der Maanderbildung der Flusslaufe und des sogenannten Baerschen Ge-

setzes). Naturwissenschaften 14 (1926): 223-334. English translation in The World as I See It 
(1934; not in the abridged edition) and Ideas and Opinions (1954). 

Read first before the Prussian Academy of Sciences on January 7, this paper discussed why the 
erosion of rivers tends to occur on the right bank in the Northern Hemisphere and on the left 
in the Southern Hemisphere. Having found no one who was thoroughly familiar with the causal 
relations involved, Einstein decided to tackle the problem himself. 

"Suggestion for an Experiment on the Nature of the Elementary Radiation Emis-
• sion Process"(Vorschlag zu einem die Natur des elementaren Strahlungs-Emissions-

prozesses betreffendes Experiment). Naturwissenschaften 14 (1926): 300-301. 

"Interference Characteristics of Light Emitted by Canal Rays"(Uber die Interferen-
• zeigenschaften des durch Kanalstrahlen emittierten Lichtes). Konig/ich Preussische 

Akademie derWissenschaften (Berlin). Sitzungsberichte (1926): 334-340. 



The First Solvay Congress in 

Brussels in 1 9 1 1 was a who's 

who of physics. Einstein met 

with Marcel Brillouin, Marie 

Curie, Paul Langevin, Hendrik 

Lorentz, Jean Perrin, Max 

Planck, and Ernest Rutherford. 

In the fall, at the latest Solvay Congress in Brussels, Ein-
stein and Niels Bohr began to spar about the foundations 
of quantum mechanics. The debate would continue until 
Einstein's death. 

Despite Einstein's opposition, his son Hans Albert, at 
age twenty-three, married Frieda Knecht, a woman nine 
years his senior. Even Mileva felt that Frieda was not 
good enough, writing a friend the following year that 
Hans Albert looked terrible and that "his wife does not 
know how to look after him, she thinks only of herself." 
Frieda, a warm and bright woman, bore three children— 
David, Klaus, and Bernhard—only one of whom (Bern-
hard) lived beyond the age of six. She and Hans Albert 
adopted a baby girl, Evelyn, in 1941. 

In November, Einstein, along with inventor and phys-
icist Leo Szilard, applied for a patent on a home refrig-
erator using what has come to be known as the Einstein-
Szilard pump. The refrigerators of the time were noisy 
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and unreliable; worse, they often poisoned their owners 
by leaking toxic refrigerants. Proposing a nonmechani-
cal absorption refrigerator, Einstein and Szilard sold this 
idea and a later one to a division of the Electrolux Com-
pany. A E G , the German division of General Electric, 
bought a third design. In all, the two collaborated on five 
designs. But by 1932 the development of these refrigera-
tors was abandoned because of the economic downturn 
and the invention of Freon, a safer coolant. The two sci-
entists continued their seven-year collaboration to make 
and patent other mechanical gadgets. Pumps such as the 
Einstein-Szilard model are now used to circulate liquid 
sodium coolant in nuclear reactors. 

Szilard, a native of Hungary, was noted for his con-
tributions to nuclear physics, thermodynamics, atomic 
energy, and molecular biology. His ideas and patents in-
cluded the cyclotron, linear accelerator, electron micro-
scope, and nuclear chain reaction. The adverse economic 
and political times during which he worked prevented 
the development and manufacturing of his inventions. 
Others later expanded on his ideas and received credit 
for them—even Nobel Prizes. Szilard was instrumental 
in drafting the famous letter from Einstein to President 
Franklin D. Roosevelt in August 1939, recommending 
an atomic energy program, which led to the Manhattan 
Project and the eventual building of the atomic bomb in 
1945. Szilard circulated a petition that year asking that 
the United States not use the bomb against Japan on 
moral grounds. 

In Germany, the stock market crashed in May on 
Black Friday and the economic system collapsed. 

PAUL DIRAC DESCRIBED a method of quantizing the elec-
tromagnetic field, and Niels Bohr and Werner Heisen-
berg, a junior associate, discussed what came to be known 
as the Copenhagen interpretation of quantum mechan-
ics; Bohr took the position that the measurement process 
of a specific experimental situation engenders the impos-
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sibility of simultaneously measuring a particle's position 
and its momentum. Einstein opposed the Copenhagen 
school of thought. 

George Paget Thomson diffracted electrons by pass-
ing them through a thin foil in a vacuum, thereby veri-
fying de Broglie's wave hypothesis. Donald Menzel ob-
tained the first accurate measurements of the surface 
temperatures of Mars and Mercury. 

Charles Lindbergh flew The Spirit of St. Louis nonstop 
from New York to Paris in thirty-three and a half hours. 

The Nobel Prize in physics was shared by Arthur 
Compton of the United States, for the effect named after 
him, and Charles Wilson of Britain, for his cloud cham-
ber, which makes the paths of electrically charged parti-
cles visible by the condensation of vapor. The chemistry 
prize was awarded to Heinrich O. Wieland of Germany 
for his investigations of the constitution of bile acids and 
related substances. 

1 Q C "On Kaluza's Theory on the Connection between Gravitation and Electricity" (Zur 
A«J%Ja Kaluzas Theorie des Zusammenhanges von Gravitation und Elektrizitat). Koniglich 
Preussische Akademie der Wissenschaften (Berlin). Sitzungsberichte (1927): 23-35. 

Kaluza attempted to unify Einstein's theory of gravity with Maxwell's theory of light by mix-
ing them in a fifth dimension. He worked with Oskar Klein, a mathematician, and they pro-
duced the Kaluza-Klein field equations. 

1 Q C "Effect of Earth's Motion on the Velocity of Light Relative to Earth" (Einfluss 
i J U i der Erdbewegung auf die Lichtgeschwindigket relativ zur Erde). Forschungen und 
Fortschritte 3 (1927): 36-37. 

1 Q 7 "Formal Relationship of the Riemann Curvature Tensor to the Field Equations of 
• Gravitation" (Uber die formale Beziehung des Riemannschen Kriimmungstensors 

zu den Feldgleichungen der Gravitation). MathematischeAnnalen 97 (1927): 99-103. 

m "Newton's Mechanics and Its Influence on the Shaping of Theoretical Physics" 

• (Newtons Mechanik und ihr Einfluss auf die Gestaltung der theoretischen Physik). 
Naturwissenschaften 15 (1927): 273-276. For English translation, see The World as I See It (1934; 
not in the abridged edition) or Ideas and Opinions (1954). 
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Writing on the occasion of the two-hundredth anniversary of Newton's death, Einstein 
traced the historical development of physics from the Creeks to Galileo to Newton to the pres-
ent, especially emphasizing Newton's contributions. 

1 Q Q "Isaac Newton." Letter to the Royal Society on the two-hundredth anniversary of 
U v a Newton's death. Nature 119 (1927): 467. 

In this letter, Einstein praised the British for their traditions and for providing an atmo-
sphere that allows the human soul "to soar." Everything that had happened in theoretical phys-
ics since Newton's time had developed from his idea, and only in quantum theory was Newton's 
differential method inadequate. 

"General Theory of Relativity and the Laws of Motion" (Allgemeine Relativitats-
• theor ie und B e w e g u n g s g e s e t z e ) . Kdniglich Preussische Akademie der Wissenschaften 

(Berlin). Sitzungsberichte (1927): 235-245. 
Einstein attacked the problem of deducing the law of motion from the field equations. He re-

peatedly returned to this problem in his later work. 

1928 
In March, while on a trip to Davos, Switzerland, the 
forty-nine-year-old Einstein collapsed with a serious 
heart condition. He was confined to bed for four months, 
but it took him a year to recover fully. 

In April, Einstein hired Helen Dukas as his last sec-
retary. She would remain with him, as part of his house-
hold, for the remainder of his life, and after his death she 
became the archivist of his collected papers at the Insti-
tute for Advanced Study in Princeton. Fiercely loyal to 
him, she was largely responsible for protecting his image 
as a lovable, benevolent, absent-minded genius and for 
keeping his personal life private. 

Einstein was elected to the board of directors of the 
German League for Human Rights, a pacifist organiza-
tion. 

The two papers listed below were submitted to the 
Prussian Academy of Sciences by Max Planck, since 
Einstein was too ill to attend the meetings. In these pa-
pers he presented a new mathematics that he felt would 
allow him to formulate his unified theory of gravity and 
electricity. 
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THIS W A S A PRODUCTIVE Y E A R in physics. George Gamow 
devised the "liquid drop model" of the atomic nucleus, 
implying that something like surface tension holds the 
nucleus together. Leo Szilard and, independently, Rolf 
Wideroe proposed advanced designs for a linear accel-
erator. Hermann Weyl created a matrix theory of con-
tinuous groups and discovered that many of the regulari-
ties of quantum phenomena could best be understood by 
means of group theory. German physicist Hans Geiger 
and graduate student Walter Miiller invented the first 
Geiger counter to detect radioactive particles. Chan-
drasekhar Raman predicted how light scattered from a 
material can be used to gather information about the 
properties of that material, which now forms the basis 
of a powerful spectroscopic tool. Finally, mathematician 
John von Neumann conceived game theory. 

The Nobel Prize in physics was awarded to England's 
Sir Owen W. Richardson for his work on thermionic 
phenomena and especially for the discovery of the law 
named after him. Germany's Adolf Windaus received 
the chemistry prize for his research into the constitution 
of sterols and their relation to vitamins. 

1 / 1 1 "Riemannian Geometry with Preservation of Distant Parallelism" (Riemann-Geom-
l i l i etrie mit Aufrechterhaltung des Fernparallelismus). Koniglich Preussische Akademie 
der Wissenschaften (Berlin). Sitzungsberichte (1928): 217-221. 

"New Possibilities of a Unified Field Theory of Gravitation and Electricity" (Neue 
• Moglichkeiten fur eine einheitliche Feldtheorie von Gravitation und Elektrizitat). 

Koniglich Preussische Akademie der Wissenschaften (Berlin). Sitzungsberichte (1928): 224-227. 

"H. A. Lorentz." Mathematisch-naturwissenschaftliche Blatter 22 (1928): 24-25. Re-
• printed as "Address at the Grave of H. A. Lorentz" in Ideas and Opinions (1954), 73. 

In this eulogy at the graveside of the Dutch theoretical physicist whom Einstein admired and 
loved, Einstein called him the "greatest and noblest man of our time." 



1929 

Children living in a hostel for 

the sons and daughters of 

the working poor send Einstein 

wishes for a happy fiftieth 

birthday. 

On March 14, Einstein celebrated his fiftieth birthday 
and was showered with congratulatory cards, letters, and 
telegrams sent by young and old from all over the world. 
In honor of this occasion, his friends were anxious to ob-
tain a substantial gift for him: a summer home to call his 
own, to be donated by the city of Berlin. The plan was 
foiled by politics and property rights, however, and, tired 
of witnessing one fiasco after another, Einstein decided 
to buy his own plot of land and build a summer home in 
Caputh, three minutes from a lake where he could sail. 
His friends then surprised him with the gift of a sailboat. 
The house was built quickly, and the Einsteins occupied 
it in September, though they kept the apartment in Ber-
lin as well. Einstein exulted in the rural setting, and his 
health improved quickly. With renewed energy, he car-
ried on an extensive series of interviews and correspon-
dence on behalf of Zionist and pacifist goals. Most im-
portantly, however, he published a paper on the unified 
field theory that was a sensation even before publication 
(see paper 145 below). 

In June Einstein received the Planck Medal from the 
German Physical Society. 

He began a friendship and correspondence with Queen 
Elisabeth of Belgium and her husband, King Albert. 
During a visit to his uncle Caesar, Einstein had been in-
vited to meet the queen in her palace at Laeken, where 
they played music as a trio with a lady-in-waiting. The 
queen charmed Einstein with her simplicity and cordial-
ity, and he visited her and her husband again a year lat-
er. Theirs became a warm and enduring friendship, and 
Einstein corresponded with the queen until the end of 
his life; the king died in 1934. Einstein always began his 
letters to her with "Dear Queen." 

In Germany, Hitler appointed Heinrich Himmler as 
Reichsfihrer of the SS. The World Zionist Organization 
established the Jewish Agency to represent all Jews, both 
Zionist and non-Zionist, to fulfill the League of Nations 
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mandate that a "Jewish agency" comprising representa-
tives of world Jewry assist in the "establishment of the 
Jewish Home... in Palestine." 

PAUL DIRAC PUBLISHED his "relativistic wave equation," 
which describes the spin of electrons and led to the pre-
diction of the electron's antiparticle, the positron. Edwin 
Hubble published a seminal paper outlining his observa-
tions that galaxies are receding, which caused Einstein to 
abandon the cosmological constant as the "biggest blun-
der of my life" (see discussion of paper 67, above). And Sir 
Frank Whittle, combining the concepts of rocket pro-
pulsion and gas turbines, invented jet propulsion. 

The romantically named Louis-Victor Pierre Ray-
mond de Broglie, a French prince, received the Nobel 
Prize in physics for his work showing that matter, specif-
ically the electron, can sometimes exhibit wavelike prop-
erties. The chemistry prize was divided equally between 
another romantically named scientist, Hans Karl August 
Simon von Euler-Chelpin of Sweden and Germany, and 
Sir Arthur Harden of England for their investigations on 
the fermentation of sugars and enzymes. 
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Einstein and Marie Curie 
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1 / 1 / 1 [Text of broadcast on the semicentennial of Thomas A. Edison's incandescent light-
X I I • ing.] Printed in the New York Times, October 23, 1929. 

\ /I E Unified Field Theory" (Zur einheitlichen Feldtheorie). Koniglich Preussische 
Akademie der Wissenschaften (Berlin). Sitzungsberichte (1929): 2-7. 

T h i s e x p o s i t i o n of E instein's t h e o r y on u n i t a r y f ield laws for g r a v i t a t i o n a n d e l e c t r o m a g n e -

t i s m c e n t e r e d on his efforts to i n c o r p o r a t e t h e e l e c t r o m a g n e t i c f ield i n t o t h e g e o m e t r y o f space-

t i m e . T h e p u b l i c a t i o n o f t h i s paper w a s i m m e d i a t e n e w s . G o s s i p in t h e m a s s m e d i a , based on 

t h e t w o papers he p u b l i s h e d in 1 9 2 8 , h a d c l a i m e d t h a t E i n s t e i n had so lved t h e r iddle o f the 

u n i v e r s e , a n d t h i s p u b l i c a t i o n w a s h i g h l y a w a i t e d . T h e f irst p r i n t i n g i m m e d i a t e l y sold o u t , and 

m o r e p r i n t i n g s w e r e ordered. E i n s t e i n c o u l d n o t u n d e r s t a n d t h e c o m m o t i o n , e v e n t h o u g h he 

had f a i t h in h i s t h e o r y . C r i t i c s f o u n d f a u l t w i t h i t , h o w e v e r , a n d after a f e w m o r e a t t e m p t s at 

c o r r e c t i o n s , E i n s t e i n f i n a l l y a d m i t t e d , t h r e e y e a r s later, t h a t he was w r o n g . 

146. "The New Field Theory." New York Times, February 3, 1929. 
A report on paper 1 4 5 . 

"Unified Interpretation of Gravitation and Electricity"(Einheitliche Interpretation 
X 1 I • v o n G r a v i t a t i o n und E l e k t r i z i t a t ) . Koniglich Preussische Akademie der Wissenschaften 

(Berlin). Sitzungsberichte (1929): 102. 

1 / I Q "Unified Field Theory and the Hamiltonian Principle" (Einheitliche Feldtheorie 
X ^ O a und H a m i l t o n s c h e s Pr inz ip) . Koniglich Preussische Akademie der Wissenschaften (Ber-

lin). Sitzungsberichte (1929): 156-159. 

1930 For the first time, Einstein became a grandfather when 
Hans Albert's wife, Frieda, gave birth to a son, Bernhard; 
he became a father-in-law for the third time when Mar-
got tied the knot with Dmitri Marianoff (the marriage 
later ended in divorce). His other son-in-law, Rudolf 
Kayser, published the first biography of Einstein; Mari-
anoff would publish another fourteen years later. Albert 
and Elsa prepared for another trip to America, this time 
to California, where Einstein would lecture at the Cali-
fornia Institute ofTechnology in Pasadena. 

As the Nazis gained the majority in the German elec-
tions and Heinrich B riming formed a right-wing coali-
tion government, Einstein stepped up his political ac-
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Einstein's theory of relativity 
is alleged to be simpler than 
the tax rode. 

tivities in the face of increasing German nationalism and 
unrest. As a socialist, his politics were left of center. Al-
though he was not a Communist, he was not averse to 
contact with them, being curious about all points of view. 
He drew the line at participating in meetings at which 
Communists dominated, however. 

Einstein attended his last Solvay Congress in Brussels 
and received an honorary degree from the E T H (Poly) 
in Zurich. 

In December, their ship was anchored in New York 
harbor for five days before continuing its voyage, and the 
Einsteins again faced the press, met celebrities, and re-
turned exhausted at night to their stateroom. Among 
others, they met Arturo Toscanini, Fritz Kreisler, and 
John D. Rockefeller Jr. Einstein visited the Riverside 
Church on Manhattan's Upper West Side to view his im-
age and those of many others sculpted into the tympa-
num over the new church's main entrance—a sight that 
delighted him, according to the church's rector. 

As the ship sailed south and then west toward Califor-
nia, the Einsteins stopped in Cuba for two days before 
passing through the Panama Canal. 

Both in New York and in California, Einstein spoke 
out in favor of pacifism and antimilitarism, usually to the 
embarrassment of his hosts. 

In the Soviet Union and its satellites, anti-Semitism 
was growing. Palestine, which had been ruled by the 
British since World War I, was beginning to receive huge 
waves of eastern European Jews—about 200,000—com-
ing from the shtetls to resettle the land of their ancestors. 
The British were aware of Arab resistance to such a huge 
influx and recommended the cessation of Jewish immi-
gration. At this time, about 9.5 million Jews lived in Eu-
rope, mostly in the cities. Those in Germany, about 0.5 
million in a German population of about 65 million, were 
the most assimilated in Europe; for the most part they 
had no desire to join the early exodus. In Germany, the 
Nazi Party had emerged as the majority party in the na-
tional elections, portending as yet unknown evils. 
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AR T H U R E D D I N G T O N attempted to unify the general the-
ory of relativity with quantum theory. American phys-
icist Ernest O. Lawrence published the principle of 
the cyclotron, permitting the acceleration of atoms to 
high speeds to create nuclear reactions. Subrahmanyan 
Chandrasekhar of India, while a student at Cambridge, 
calculated around this time that stars with a core mass 
of less than 1.4 Suns will eventually collapse under their 
own weight, forming a dense state known as a white 
dwarf. This finding, called the "Chandrasekhar limit," 
paved the way for the theoretical prediction of neutron 
stars and black holes for stars whose mass is above this 
limit. 

The Nobel Prize in physics was awarded to Sir Chan-
drasekhar Venkata Raman of India (Chandrasekhar's 
uncle) for his work on the scattering of light and the dis-
covery of the effect named after him. Hans Fischer of 
Germany received the chemistry prize for his research 
into the constitution of hemin and plant pigments (chlo-
rophyll), especially his synthesis of hemin. 

"The Compatibility of Field Equations in the Unified Field Theory" (Die Kompati-
• bilitat der Feldgleichungen in der einheitlichen Feldtheorie). Koniglich Preussische 

Akademie der Wissenschaften (Berlin). Sitzungsberichte (1930): 18-23. 

"Two Exact Statistical Solutions of the Field Equations of the Unified Field Theory" 
• (Zwei strenge statistische Losungen der Feldgleichungen in der einheitlichen 

Feldtheorie) (with Walther Mayer). Koniglich Preussische Akademie der Wissenschaften (Berlin). 
Sitzungsberichte (1930): 1 10-120. 

"On Progress Made by the Unified Field Theory" (Uber die Fortschritte der ein-
• heit l ichen Feldtheorie) (a s u m m a r y ) . Koniglich Preussische Akademie der Wissenschaften 

(Berlin).Sitzungsberichte (1930): 102. 

"On the Theory of Spaces with the Riemann Metrics and Distant Parallelism" (Zur 
• Theorie der Raume mit Riemann-Metrik und Fernparallelismus). Koniglich Preus-

sische Akademie der Wissenschaften (Berlin). Sitzungsberichte (1930): 401-402. 
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4 "The Unified Field Theory Based on Riemann Metrics and Distant Parallelism" (Auf 
1 J \ ) m die Riemann-Metrik und den Fernparallelismus gegrundete einheitliche Feldtheo-
rie). MathematischeAnnalen 102 (19301:685-697. 

154. "Space, Ether, and Field in Physics" (Raum, Ather und Feld in der Physik). Forum 
Philosophicum 1 (1930): 173-180. 

4 f " P "About Kepler"(Uber Kepler). FrankfurterZeitung, November 9, 1930. English trans-
•• :J<Jm lation in The World as I See It (1934) and Ideas and Opinions (1954). 

W r i t i n g on t h e o c c a s i o n o f t h e t h r e e - h u n d r e d t h a n n i v e r s a r y o f J o h a n n e s Kepler's d e a t h , E i n -

ste in r e c o u n t e d t h e d i f f i c u l t i e s Kepler, w o r k i n g on p l a n e t a r y m o t i o n , m u s t have faced in h is 

t i m e a n d praised h i s i n g e n i o u s m e t h o d s . He c o n c l u d e d t h a t " k n o w l e d g e c a n n o t s p r i n g f rom e x -

per ience a lone but f rom t h e c o m p a r i s o n o f t h e i n v e n t i o n s o f t h e i n t e l l e c t w i t h o b s e r v e d fact ." 

1 C I ? "Religion and Science." New York Times, November 9, 1930. Reprinted in Ideas and 
I v V l i Opinions (1954), 36-40. See also papers 216, 226, and 257 on the same topic. 

E i n s t e i n w r o t e t h i s a r t i c l e e x p r e s s l y for t h e New York Times Magazine. It w a s r e p r i n t e d as t h e 

essay " C o s m i c R e l i g i o n " in t h e book o f t h e s a m e n a m e t h e f o l l o w i n g year (see n o . 1 6 6 b e l o w ) . 

In t h i s s o m e w h a t p r o v o c a t i v e p i e c e , E i n s t e i n professed h i s b e l i e f in a " c o s m i c r e l i g i o n , " w h i c h 

to h i m w a s a h i g h e r level o f r e l i g i o n t h a n o r g a n i z e d r e l i g i o n . He dec lared it t o be a " m i r a c u l o u s 

order t h a t m a n i f e s t s i tse l f in all o f n a t u r e as wel l as in t h e w o r l d o f ideas," d e v o i d o f a person-

al C o d w h o doles o u t rewards a n d p u n i s h m e n t s based on people's b e h a v i o r . He c o n c l u d e d t h a t 

there is no c o n f l i c t b e t w e e n s c i e n c e a n d r e l i g i o n , i n d e e d , t h a t c o s m i c r e l i g i o s i t y is n e c e s s a r y 

for s c i e n t i f i c research. 

1 "Science and God: A Dialogue." Forum and Century 83 (1930): 373-379. 
J L w I • T h i s a r t i c l e is based o n a c o n v e r s a t i o n w i t h J. M u r p h y a n d J. W . N. S u l l i v a n , t o u c h i n g 

on t h e r e l a t i o n s h i p o f s c i e n c e t o o t h e r a s p e c t s o f l i fe, t h e q u e s t i o n o f J e w i s h racia l c h a r a c t e r i s -

t i c s , a n d other t o p i c s o f i n t e r e s t t o E i n s t e i n . S u l l i v a n w a s a m a t h e m a t i c i a n a n d s c i e n c e popular -

izer w h o had u n d e r t a k e n a "tour o f g r e a t m e n , " i n t e r v i e w i n g as m a n y e m i n e n t s c i e n t i s t s as he 

could find for an u p c o m i n g b o o k . J. M u r p h y m a y have been J o s e p h M u r p h y , a w o r l d - r e n o w n e d 

a u t h o r i t y on m y s t i c i s m a n d m e t a p h y s i c s , or J a m e s M u r p h y (see paper 1 8 1 b e l o w ) . 

I C Q "What I Believe." Forum and Century 84 (1930): 193-194. Reprinted as "The World as 
I See It"in Ideas and Opinions (1954), 8 - 1 1 . 

Here E i n s t e i n put f o r t h h i s personal bel iefs a n d p h i l o s o p h y . T h i s p iece c o n t a i n s h i s f a m o u s 

q u o t a t i o n s : " ! have never looked u p o n ease a n d h a p p i n e s s as e n d s i n t h e m s e l v e s — s u c h an e t h i -

cal basis I cal l t h e ideal o f a p i g s t y . . . T h e ideals w h i c h have g u i d e d m y w a y . . . have been K i n d -

ness, B e a u t y , a n d T r u t h , " a n d " T h e m o s t b e a u t i f u l e x p e r i e n c e w e c a n have is t h e m y s t e r i o u s . " 
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159. "Concept of Space." Nature 125 (1930): 897-898. 

1 1 J A "On the Present State of the Theory of Relativity." Yale University Library Gazette 6 
1 0 U . (1930): 3-6. 

161. "The Space-Time Problem"(Das Raum-Zeit Problem). Koralle 5 (1930): 486-488. 

1 / J Q "Speech at the Broadcasting Exhibition" (Rede zur Funkausstellung). Berlin, Au-
iUfaa gust 22, 1930. Transcribed from the sound recording by F. Herneck. Naturwissen-

schaften 49 (1930): 33. 

1931 

The Empire State Building 
nears completion. 

In January, Einstein was the guest of Charlie Chaplin at 
a Hollywood premiere of the film City Lights. The pic-
ture of the two charismatic men together was circulated 
widely in the media. Einstein met other celebrities as 
well, including Helen Keller, Upton Sinclair, and Nor-
man Thomas. He also went to Mount Wilson Obser-
vatory to meet with astronomer Edwin Hubble, who in 
1929 had obtained proof that the universe was indeed ex-
panding, causing Einstein to dismiss the cosmological 
constant of his 1917 paper as his "biggest blunder." (But 
see discussion above under paper 67.) 

The return trip from California to New York in March 
was by train, with a stop at a Hopi Indian reservation 
near the Grand Canyon. The Hopis gave Einstein a 
peace pipe, recognizing his pacifism, and dubbed him 
their "Great Relative." During a short stop in Chicago, 
Einstein had just enough time to fire off yet another pac-
ifist speech . At New York's Astor Hotel, he gave a speech 
at a fund-raiser for Palestine, urging Jews to cooperate 
with Arabs. Then it was back on board ship for the re-
turn to Germany, which was now on shaky grounds po-
litically. 

After having barely recuperated from his trip and de-
livering two papers to the Prussian Academy of Sciences, 
Einstein took leave, again in May for a month's stay in 



Albert Einstein, "The Great 
Relative,"visits with Hopi Indi-
ans at the Grand Canyon. 
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England, where he delivered the Rhodes Lectures at Ox-
ford and accepted an honorary degree. The blackboard 
on which Einstein wrote some equations at Oxford has 
been preserved. Einstein's equations from a lecture on 
June 6,1930, in Nottingham have also been preserved at 
its university. 

During the summer, he sequestered himself at the 
house in Caputh. Ever concerned about war, he wrote 
letters and issued statements on pacifism and the need 
to refuse military service. He was convinced that Ger-
many was heading toward an aggressive dictatorship un-
der Adolf Hitler. 

In December, Einstein was again en route to Pasadena, 
on a ship that took him and Elsa directly to Los Angeles. 
He had decided to leave Germany and was negotiating 
employment elsewhere, including at Caltech, though he 
would have preferred staying in Europe. He continued to 
speak out in favor of pacifism and commented on racial 
discrimination in the United States. 

As the Great Depression became a worldwide phe-
nomenon, German banks closed down. 
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Pacifist Mahatma Gandhi trav-
els to London to make his case 
for Indian independence. 

IN T H E S C I E N C E S , Wolfgang Pauli, while in Zurich, 
predicted the existence of "a little neutral thing," the 
neutrino, to explain where the energy went during beta 
decay. Bernhard V. Schmidt invented a new type of tele-
scopic optical system enabling astronomers to take sharp 
photographs of large areas of the sky. Austrian logician 
Kurt Godel published, at age twenty-five, his famous 
"incompleteness theorem," showing that within any giv-
en branch of mathematics there would always be some 
propositions that cannot be proven either true or false 
using the rules and axioms of that branch. Ernest Law-
rence's cyclotron, which would later be called an "atom 
smasher," was finished in Berkeley. 

The Nobel Prize money for the physics section was 
allocated to the Main Fund of the foundation and to 
the Special Fund in physics. The prize in chemistry was 
given jointly to Germany's Friedrich Bergius and Carl 
Bosch for the development of chemical high-pressure 
processes. 

"Science and Dictatorship." In Otto Forst-Battaglia, ed., Dictatorship on Trial, trans-
• lated by Huntley Paterson, introduction by Winston Churchill. London: George G. 

Harrop, 1930. Reprinted in 1970 by Books for Libraries Press, Freeport, N.Y. 
In this book, compiled at the time of Hitler, Stalin, and Mussolini, "eminent leaders of mod-

ern thought"contributed their ideas on the expedient of dictatorship throughout history. Ein-
stein's contribution consists of only two lines, in which he says that dictatorship means that 
people are muzzled, and therefore stultified, and that "science can flourish only in an atmo-
sphere of free speech." 
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" S c i e n c e a n d H a p p i n e s s . " S p e e c h a t C a l i f o r n i a I n s t i t u t e o f T e c h n o l o g y . R e p r i n t e d 

• i n New York Times, F e b r u a r y 2 2 , 1 9 3 1 , s e c . 9. A l s o p u b l i s h e d i n Science, n e w s e r i e s , 7 3 , 

no. 1 8 9 3 ( A p r i l 1 0 , 1 9 3 1 ) : 3 7 5 ~ 3 8 1 -

Einstein rhetorically asked why science has brought so little happiness. His answer: We have 
not yet learned to make sensible use of it. Scientists must not forget that concern for people's 
happiness is paramount in all technical endeavors. 

" M i l i t a n t P a c i f i s m . " World Tomorrow 1 4 ( 1 9 3 1 ) : 9. R e p r i n t e d i n Ideas and Opinions 

• ( 1 9 5 4 ) as " A c t i v e P a c i f i s m . " 

Einstein made these remarks in response to a peace demonstration in Flemish Belgium, call-
ing for disarmament and hoping that future generations "will look back on war as an incompre-
hensible aberration of their forefathers." 

1 / * £ * Cosmic Religion, with Other Opinions and Aphorisms. N e w York : Cov ic i -Fr iede , 1 9 3 1 . 

i U U i This small book contains a biographical note, essays on religion, pacifism, and the 
Jews, and aphorisms taken from earlier sour urces. 

1 " T a g o r e T a l k s w i t h E i n s t e i n . " A s i a 3 1 ( 1 9 3 1 ) : 1 3 8 - 1 4 2 . 

A U I • This conversation on Eastern music was reported by Indian poet and musician Rabin-
dranath Tagore. 

168. " T h e N a t u r e o f R e a l i t y . " M o d e r n Review ( C a l c u t t a ) 4 9 ( 1 9 3 1 ) : 4 2 - 4 3 . 

In this conversation, Einstein and Tagore discussed the nature of beauty and truth. 

*! I J A "The 1932 Disarmament Conference."Nation 133 (1931): 300. Reprinted in Ideas and 
i w v i Opinions ( 1 9 5 4 ) . 

After declaring that the state should be the servant of man and not vice versa, Einstein dis-
cussed the need for international disarmament, abolishment of compulsory military service, 
and changes in educational systems that pass on military traditions. He decried nationalism as 
unhealthy, leading to aggression and war, and called for the protection of conscientious objec-
tors worldwide. In an optimistic tone, he wrote that he believed that responsible national lead-
ers "do, in the main, honestly desire to abolish war." 

About Zionism: Speeches and Letters. Translated and edited by Sir Leon Simon. New 
York: Macmillan, 1931. 

Einstein's speeches and letters about Zionism were collected from various sources and dated. 
Unfortunately, precise locations in the original sources are not given. 
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m"On the Cosmological Problem of the General Theory of Relativity" (Zum kosmolo-
• gischen Problem der allgemeinen Relativitatstheorie). Kdniglich PreussischeAkademie 

derWissenschaften (Berlin). Sitzungsberichte (1931): 235-237. 
In t h i s paper E instein accepted the nonstat ic character of the universe and rejected the cos-

mological constant as unnecessary and as c o m p r o m i s i n g the s i m p l i c i t y of his field equations. 

(Also see the discussion under paper 67 above.) 

1 7 Q "Unified Theory of Gravitation and Electricity" (Einheitliche Theorie von Gravita-
I I tion und Elektrizitat), part 1 (with Walther Mayer). Kdniglich Preussische Akademie 
derWissenschaften (Berlin). Sitzungsberichte (1931): 541-557 (part 2 published in 1932). 

"Foreword"to Sir Isaac Newton, Opticks. New York: McGraw-Hill, 1931. 
X I Reviewing Newton's work, E inste in s u m m a r i z e d t h a t "in one person he c o m b i n e d the 

experimenter, the theorist , the m e c h a n i c , a n d , not the least, the art ist of exposit ion." 

1 7 / 1 Relativity: The Special and General Theory. Translated by R. Lawson. New York: Peter 
X I Smith, 1931. 

Accord ing to E i n s t e i n , the book was intended "to g ive an exact i n s i g h t i n t o the theory of 

re lat iv i ty to those readers who, from a general and phi losophical point of v iew, are interest-

ed in t h e theory, but w h o are not conversant w i t h the mathemat ica l apparatus of theoretical 

physics." Rather t h a n w r i t i n g elegantly, he repeated himself f requently " in the interest of clear-

ness." 

1932 While at the California Institute of Technology from 
January until March, Einstein met Abraham Flexner, 
a prominent educational reformer, fund-raiser, and or-
ganizer who was interested in innovative and progres-
sive educational institutions. (See Thomas Bonner's bi-
ography of Flexner, which is listed in the bibliography.) 
Flexner was the founding director of the Institute for 
Advanced Study in Princeton, New Jersey, which was es-
tablished in 1930 through an endowment by Louis Bam-
berger and his sister, Caroline Fuld. Flexner was looking 
for a faculty for the new institute and was eager to get 
Einstein on board. He offered an attractive position—a 
half-year, annual appointment, which would enable Ein-
stein to spend the other half-year in Berlin, as he was still 
not quite ready to give up his house in Caputh and, per-
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haps, his new love, Toni Mendel. He agreed to come to 
Princeton in October of the following year. 

Einstein thereafter traveled to Geneva for a peace con-
ference, visited Oxford, and corresponded with Sigmund 
Freud and Maxim Gorki. 

In the meantime, he became a grandfather for the sec-
ond time when Frieda and Hans Albert's baby, Klaus, 
was born in Zurich. Little Klaus died six years later. 

In Germany, Paul von Hindenburg was elected presi-
dent, defeating Hitler by 7 million votes, but the Nazis 
took control of the parliament (the Reichstag). Franz von 
Papen was named chancellor when Hitler refused Hin-
denburg's offer to become vice chancellor; then van Pa-
pen resigned and Kurt von Schleicher was named to the 
post. Hitler, who was born in Austria, received German 
citizenship. 

As a great famine swept the U S S R , Jews, mostly Zi-
onists, continued their exodus to Palestine to establish 
agrarian settlements and begin a new life in their prom-
ised land. 

IT W A S A B U S Y Y E A R in physics. Early in 1932 Ma-
rie's daughter Irene Curie and Frederic Joliot bom-
barded nonradioactive beryllium with alpha particles, 
briefly turning it into a radioactive element. Later that 
year, Enrico Fermi of Italy succeeded in intensifying 
the Curie-Joliot effect by using the newly discovered 
and massive neutrons of beta rays instead of alpha rays. 
Meanwhile, Werner Heisenberg proposed a new mod-
el of the atom in which protons and neutrons achieve 
stability by exchanging electrons. James Chadwick iso-
lated the neutron, the first particle discovered with zero 
electrical charge, though a two-year debate ensued as to 
whether the new particle was really a fundamental build-
ing block or a composite of the proton and electron. 

This year also saw the announcement of the first ap-
paratus that could artificially accelerate atomic particles 
to high energies—the Cockcroft-Walton accelerator. 
Within a month, beams of high-energy protons pro-

Amelia Earhart completes her 
transcontinental flight. 
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Einstein with Robert Millikan 

(left) and Georges LemaTtre, 

three giants of modern physics. 

duced by the machine were used to initiate the disinte-
gration of lithium nuclei, confirming the equivalence of 
mass and energy, as Einstein had predicted. 

Werner Heisenberg of Germany won the Nobel Prize 
in physics for the creation of quantum mechanics, whose 
application led to the discovery of allotropic forms of hy-
drogen. America's Irving Langmuir received the chemis-
try prize for his discoveries and investigations in surface 
chemistry. 

1 T P "To American Negroes."Crisis 39 (1932): 45. 
X I %Jm In this article written for the NAACP's official journal, Einstein criticized racism 
after he had witnessed rampant racial prejudice during his visit to the United States in the win-
ter of 1931-32. 

1 7 / J "Is There a Jewish View of Life?" Opinion 2 (September 26, 1932): 7. Reprinted in 
X I w • Ideas and Opinions ( 1 9 5 4 ) . 

In answer to this question, Einstein replied that in his opinion there is no specific Jewish 
point of view. But he believed the Jewish tradition has a reverence for life and a positive atti-
tude toward it and contains "a sort of intoxicated joy and amazement at the beauty and gran-
deur of this world." 

1 7 7 "Unified Theory of Gravitation and Electricity" (Einheitliche Theorie von Gravita-
X I I • tion und Elektrizitat), part 2 (with Walther Mayer). Kdniglich PreussischeAkademie der 
Wissenschaften (Berlin). Sitzungsberichte (1932): 130-137. 
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Walther Mayer was the young assistant who later immigrated to the United States with Ein-
stein. He had joined Einstein in 1930 and, of all of Einstein's collaborators, he coauthored the 
largest number of papers with him. Mayer continued to work with Einstein for a short time at 
the Institute for Advanced Study in Princeton. 

•IT^Q "Semivectors and Spinors" (Semi-Vektoren und Spinoren) (with Walther Mayer). 
•Lf 0 » Koniglich Preussische Akademie der Wissenschaften ( B e r l i n ) . S i t z u n g s b e r i c h t e ( 1 9 3 2 ) : 

522-550. 

i ^ Q "On the Relation between the Expansion and the Mean Density of the Universe" 
X I \fm ( w i t h Wil lem d e S i t t e r ) . Proceedings of the National Academy of Sciences ( U S A ) 1 8 

(1932): 213-214. 
Einstein and de Sitter put forth a revised cosmological model that solves the Friedmann equa-

tions and takes account of Edwin Hubble's evidence for the expansion of the universe, tenta-
tively implying an initial singularity. 

180. "Present State of Relativity Theory" (Gegenwartiger Stand der Relativitatstheorie). 
Die Quelle (later Padagogischer Fiihrer) 82 (1932): 440-442. 

181. "Prologue and Epilogue: A Socratic Dialogue" (with James Murphy). In Max Planck, 
Where Is Science Going? New York: Norton, 1932. 

1 Q O "Introduction and Address to Students of UCLA," February 1932. In Builders of the 
JLO£i Universe. Los Angeles: U.S. Library Association, 1932. 

In this little-known text presented in both English and German, Einstein discussed the source 
of his own creative scientific work. The subject is science as a coordination of observed facts, 
as seen, for example, in the progression from the special theory of relativity to the unified field 
theory. 

t Q O "On Dr. Berliner's Seventieth Birthday" (Zu Dr. Berliners siebzigsten Geburtstag). 
L O J A Naturwissenschaften 20 (1932): 913. Reprinted in Ideas and Opinions (1954), 68-70. 

Berliner, a German physicist and Jew, was editor of the German physics journal Naturwissen-
schaften from 1913 to 1935, when the Nazis dismissed him. In 1942, when he was about to be 
deported, he committed suicide at the age of eighty. In this article, Einstein praised Berliner's 
work on the journal. 



While Einstein and Elsa were still in Pasadena, their 
lives were drastically affected by world events. In Janu-
ary, the Nazis came to power, with Hitler at the helm 
as chancellor, and the purging of Jews began. Einstein 
was advised that it was now too dangerous to return to 
Germany, since a price had been put on his head and 
his books were being discredited and burned. The Ein-
steins went to Belgium and set up a temporary residence 
at Coq sur Mer, a peaceful seaside village surrounded by 
dunes. Security guards were sent by the Belgian govern-
ment to protect them. In April, Helen Dukas and Wal-
ther Mayer arrived from Berlin to join them. Einstein's 
stepdaughter Margot and her husband Dmitri had al-
ready fled to Paris, and Ilse and Rudolf were still in Ber-
lin. During this stay in Belgium, Einstein became better 
acquainted with Queen Elisabeth. 

Einstein's house and bank accounts were confiscated 
by the Nazis, but he had kept funds in foreign banks in 
anticipation of this crisis. He became disillusioned with 

1933 
Hitler Youth salute their ap-

proving Fuhrer. 

100 
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pacifism and warned the world repeatedly that Germany 
was preparing for war. He reluctantly decided that coun-
tries that are in grave danger, such as Belgium, had no 
choice but to depend on their armed forces in the face 
of a formidable and vicious enemy. Under current condi-
tions, he maintained, he would gladly serve in the mili-
tary to defend European civilization. At heart he was still 
a pacifist, he said, but that was a position that one could 
take only when military dictatorships ceased to exist. In 
response to his change of opinion, pacifist leaders ac-
cused him of being a turncoat. 

Einstein resigned from all of his positions and affili-
ations in Germany and gave up his German citizenship. 
After considering several job offers, he decided to accept 
the one proposed by Flexner, which had in the mean-
time been upgraded to a regular, year-round position in 
Princeton. 

The itinerant Einstein spent the month of June in 
Oxford again, delivering a lecture during his stay, and 
this time he met Winston Churchill. Then he made a fi-
nal trip to Switzerland and saw his son Eduard for the 
last time. Eduard had developed schizophrenia and was 
confined to a mental institution at Burgholzli, where he 
stayed periodically until he died there in 1965. Einstein, 
feeling that he could do nothing to help his son other 
than offer him financial security, returned to England 
in September for four weeks before embarking for the 
United States. He gave one last speech in Europe, at the 
Royal Albert Hall in London on October 3, warning his 
listeners about the dangers that lay ahead and praising 
them for remaining loyal to their democratic traditions. 

Use's husband, Rudolf Kayser, managed to have Ein-
stein's writings and correspondence and some furnish-
ings, including the grand piano, sent from Berlin to 
France. From there, everything eventually made its way 
to the United States by way of diplomatic channels. 

The small Einstein entourage, without Ilse and Mar-
got and their spouses, who stayed in Paris, arrived in 
Princeton on October 17. They spent their first night at 
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the quaint Peacock Inn before moving into temporary 
quarters on the corner of Library and Mercer streets. 
The residence was about halfway between the univer-
sity's mathematics building, where Einstein would have 
a temporary office, and the grounds of the Institute for 
Advanced Study, which had yet to be built. A perma-
nent home on Mercer Street not far from the temporary 
home would become available a year and a half later. 

Einstein now began his "American years" as the first 
faculty member of the Institute for Advanced Study. He 
never returned to Europe. 

As politics slipped into the extremes, with the fascist 
Nazis on one side and the hardline Communists on the 
other, the Nazis ordered the building of the first concen-
tration camps in Germany at Dachau near Munich to in-
carcerate Communists. By 1945, 8 to 10 million Jews and 
other "undesirables" had been interned and at least half 
were killed. Germany was no longer interested in peace 
and quit the League of Nations, withdrawing from all 
disarmament talks. Hitler was granted dictatorial pow-
ers of the Third Reich and suppressed all other politi-
cal parties. He ordered the burning of all books written 
by Jews and non-Nazis, including those of Einstein and 
Freud, demanding total conformity and condemning lib-
eral ideals. Racial hysteria and prejudice drove many Na-
zis into fanaticism, and any Germans who persisted in 
espousing liberalism were to be destroyed—chiefly Jews 
and Communists. All modernist art was suppressed in 
favor of superficial realism, and scientific research was se-
riously hampered by new regulations. Before 1939, sixty 
thousand artists and hundreds of scientists managed to 
leave Germany. While the Nazis continued to terrorize 
the Austrians, Austrian chancellor Engelbert Dollfuss 
opposed union (Anschluss) with Germany, and the fol-
lowing year he would pay for it with his life. 

In the USSR, famine and starvation reached disas-
trous proportions and Jews continued to leave for Pal-
estine in search of a better life. Stalin, not to be outdone 
by Hitler in his inhumanity, began his great purge of the 
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Paul Dirac (left), Werner Heisen-

berg, and Erwin Sthrodinger 

Communist Party, arresting, imprisoning, and executing 
many Bolsheviks and Trotskyist sympathizers, most of 
them intellectuals, throughout the USSR. 

AU S T R I A N P H Y S I C I S T Erwin Schrodinger and British 
physicist Paul A. M . Dirac shared the Nobel Prize for 
their investigations of quantum mechanics. Schrodinger 
developed an equation to describe nonrelativistic parti-
cles. Dirac took into account particles with spin and pre-
dicted the existence of antimatter. The prize for chemis-
try was allocated to the foundation's Main Fund and to 
the chemistry section. 

1 Q y i Why War? T r a n s l a t e d b y S t u a r t G i l b e r t . Par is : I n t e r n a t i o n a l I n s t i t u t e o f I n t e l l e c t u a l 

I w l i C o o p e r a t i o n , League o f N a t i o n s , 1 9 3 3 . 

This slight pamphlet constitutes an exchange of letters between Einstein and Sigmund Freud 
on the proclivity of humankind to make war and what action one can take to counter it. 

1 Q J™ The Fight against War. E d i t e d b y A l f red Lief. N e w Y o r k : J o h n Day, 1 9 3 3 . 

A v J i This sixty-four-page pamphlet contains selections from Einstein's writings and 
speeches on war covering the years 1914-32. The historical setting and usually a specific refer-
ence are given for each statement. 

| Q P "On G e r m a n - A m e r i c a n A g r e e m e n t " ( Z u r d e u t s c h - a m e r i k a n i s c h e n V e r s t a n d i g u n g ) . 

A U U i California Institute of Technology, Bulletin 4 3 , no. 1 3 8 ( 1 9 3 3 ) : 4 - 8 ( in G e r m a n ) , 9 - 1 2 

(in E n g l i s h ) . 
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From a symposium broadcast on January 23, 1933. See also the New York Times, January 24, 
1933-

1 "Letter to the Prussian Academy of Sciences." Science, new series, 77 (1933): 444. 
A O l a i n this letter of April 5, 1933, Einstein stated his reasons for resigning from the Prus-
sian Academy of Sciences (he had resigned in a letter of March 28): that he did not wish to 
live "in a country where the individual does not enjoy equality before the law, and freedom of 
speech and teaching." He also expressed the opinion that the academy had slandered him by ac-
cusing him of "atrocity-mongering"against Germany in America and France. 

188. "Victim of Misunderstanding/'Times (London), September 16, 1933. 
In this letter Einstein explained his position on communism. 

1 O A "Civilization and Science."Speech presented at Royal Albert Hall, London, October 
l O v i 4,1933. Published as "Europe's Danger, Europe's Hope" in 1934 by Friends of Europe 
Publications, no. 4. 

The meeting was organized by the Refugee Assistance Fund. Einstein spoke on the interre-
lationship between personal freedom and collective security and concluded that "only through 
peril and upheaval can nations be brought to further development."The New York Herald Tribune 
reprinted the speech as "Personal Liberty"on February 4,1934. 

190. 
497-502. 

"Dirac Equations for Semivectors" (Dirac-Gleichungen fur Semi-Vektoren) (with 
Walther Mayer). Akademie van wetenschappen (Amsterdam). Proceedings 36 (1933): 

M "Splitting of the Most Natural Field Equations for Semivectors into Spinor Equa-
• tions of the Dirac Type" (Spaltung der naturlichsten Feldgleichungen fur Semi-

Vektoren in Spinorgleichungen vom Diracschen Typus) (with Walther Mayer). Akademie van 
wetenschappen (Amsterdam). Proceedings 36 (1933): 615-619. 

"I Q Q "On the Method of Theoretical Physics." Herbert Spencer Lecture at Oxford Univer-
I v L i sity, June 10, 1933. Oxford: Clarendon, 1933. Also published in The World as I See It 
(1934) and Ideas and Opinions (1954). 

In this lecture series in honor of philosopher Herbert Spencer, Einstein spoke about the de-
velopment of the theoretical system, "something ineffable about the real, something occasion-
ally described as mysterious and awe-inspiring,"and the function of pure reason in science. He 
maintained that pure thought can grasp reality, using mathematical concepts to justify his con-
fidence. 
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" N o t e s o n t h e O r i g i n o f t h e Genera l T h e o r y of R e l a t i v i t y . " George A . G i b s o n F o u n -

• d a t i o n Lecture at G l a s g o w U n i v e r s i t y , J u n e 2 0 , 1 9 3 3 . G l a s g o w U n i v e r s i t y P u b l i c a -

t i o n s N o . 2 0 . G l a s g o w : J a c k s o n , 1 9 3 3 . R e p r i n t e d in Ideas and Opinions ( 1 9 5 4 ) . 

T h e sponsors of the lecture asked E inste in to speak about t h e h i s t o r y of his own scientif ic 

work. He agreed to do so because, as he said, it is easier to throw l ight on one's own work than 

on someone else's and one should not neglect to do so out of modesty. He traced the work of 

others w h o had inf luenced h i m and w h i c h eventual ly led to his d iscover ies, as well as o u t l i n i n g 

the obstacles he had to overcome in his t h i n k i n g . 

In America, the Einsteins immediately involved them-
selves in the intellectual and political activities that had 
always been of concern and interest to them. One of their 
first invitations came from President Franklin D. Roose-
velt, with whom they dined in the White House in late 
January, staying overnight there. Even here, according to 
Helen Dukas, Einstein did not wear socks. 

One of Einstein's first acts in America was to give a 
benefit violin recital in New York as a fund-raiser for sci-
entists who were fleeing Germany. 

Einsteins financial security was now assured. He had 
had some money put away in foreign accounts, and he 
received a salary twice that of the average university pro-
fessor—a total luxury during the Great Depression. Also, 
his lecture fees were high. Even though his own needs 
were minimal, Elsa enjoyed the amenities of a bourgeois 
lifestyle. 

Einstein was still interested in pacifism in general, and 
he decided that the best approach to peace was to speak 
out in favor of a world government, which he felt was the 
best defense against fascism. 

In May, the family received the bad news that Ilse was 
deathly ill in Paris. Elsa rushed to Europe by ship to be 
at her bedside, only to watch Ilse die in July at the age of 
thirty-seven. Meanwhile, Einstein spent a long summer 
on the shores of Rhode Island, along with a physician 
friend from Berlin, Gustav Bucky, and his family, sailing 
and enjoying the sea while Elsa was away. Later that year, 
Margot and Dmitri came to Princeton, while the widow-

1934 
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er Rudolf Kayser, Use's husband, remained in Europe and 
settled in the Netherlands. 

In June, Hitler, as Stalin had done in the USSR, be-
gan to remove and assassinate much of the political and 
military opposition in Germany and purge the Nazi Par-
ty of those he didn't trust. Because of an alleged plot by 
some Nazis against Hitler and his government, he had a 
number of Nazis executed. After German president Paul 
von Hindenburg died, Hitler installed himself as Fiihrer, 
demanding the loyalty of all civilians and the military. 
The salute and cry of "Heil Hitler," already compulsory 
among Nazi Party members, became a norm in German 
society. To the southeast, Austrian chancellor Engel-
bert Dollfuss was assassinated by the Nazis after he had 
ruthlessly suppressed a national-socialist uprising in the 
country, but a Nazi attempt to take over Austria failed. 

MA R I E C U R I E D I E D , and her daughter Irene now took 
the spotlight. Together with Frederic Joliot, she an-
nounced the discovery of artificial radiation obtained by 
bombarding certain nuclei with alpha particles. Later 
that year, Enrico Fermi and colleagues used neutrons to 
bombard uranium. They established that slow neutrons 
(which had passed through paraffin) were more efficient 

Bohr (right) and Heisenberg 
at a Niels Bohr Institute confer 
ence. 
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I instein p 

I hrenfest 

ays v iol in w i t h Paul 

on the piano. 

than fast ones in producing certain nuclear reactions and 
showed how nuclear reactions could be controlled. 

Leo Szilard filed the first patent application for the 
idea of a neutron chain reaction. He assigned it to the 
British admiralty the next year to keep the patent a se-
cret. 

John Wheeler and Gregory Breit calculated the prob-
ability that two colliding photons could create an elec-
tron-positron pair. Their work was confirmed sixty-tour 
years later at the Stanford Linear Accelerator. 

Edwin Hubble and Milton Humason established pho-
tographically that there were at least as many galaxies 
in the universe as there are stars in the Milky Way. And 
James Chadwick and Maurice Goldhaber made the first 
determination of the neutron mass that was accurate 
enough to decide that the neutron was indeed a funda-
mental building block. 

The Nobel Prize money in the physics section was al-
located to the Main Fund and to the Special Fund of this 
division. The chemistry prize went to Harold Urey of the 
United States for his discovery of heavy hydrogen (deu-
terium). 

1 Q / I The World as I See It ( M e i n W e l t b i l d ) . N e w Y o r k : C o v i c i - F r i e d e , 1 9 3 4 . 

This book is a collection of excerpts and essays on a variety of topics; it is the first of 
several future editions. Later editions were abridged and do not contain some of the material 
in this original version. Among other essays, it includes Einstein's lectures at King's College in 
London and at Columbia University in New York, both in 1921, and various writings on science, 
Judaism, and politics published until that time. Many of these essays and lectures are reprinted 
in Ideas and Opinions ( 1 9 5 4 ) . 

1 Q f " " E d u c a t i o n a n d W o r l d P e a c e ."Progressive Education 1 1 ( 1 9 3 4 ) : 4 4 0 . R e p r i n t e d i n t h e 

* w J « New York Times, N o v e m b e r 2 4 , 1 9 3 4 . 

In this message read at a New York conference of the Progressive Education Association on 
November 23, 1934, Einstein said that the United States is in the fortunate position of teaching 
pacifism in the schools because, due to "no serious danger" of a foreign invasion, it is not nec-
essary to inculcate a military spirit in students. He called for international rather than national 
military means of defense and a strengthening of international solidarity. 
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" P r e s e n t a t i o n of S e m i v e c t o r s as V e c t o r s of a P a r t i c u l a r D i f f e r e n t i a t i o n Character" 

I v U i ( D a r s t e l l u n g der S e m i - V e k t o r e n als g e w o h n l i c h e V e k t o r e n v o n b e s o n d e r e m Differ-

e n t i o n s c h a r a k t e r ) ( w i t h W a l t h e r Mayer). Annals of Mathematics, ser. 2 , 3 5 ( 1 9 3 4 ) : 1 0 4 - 1 1 0 . 

197. " I n t r o d u c t i o n " ( i n E n g l i s h a n d G e r m a n ) . In Leopold Infe ld , The World in Modern Sci-

ence. L o n d o n : G o l l a n c z , 1 9 3 4 . 

f Q Q " O b i t u a r y for Paul E h r e n f e s t " ( N a c h r u f Paul E h r e n f e s t ) . In Almanak van het Leidsche 

I v U i Studencorps. Le iden: D o e s b u r g , 1 9 3 4 . 

Ehrenfest, born in V i e n n a , had been professor of theoretical physics at the U n i v e r s i t y of Lei-

den and had had a very close f r iendship w i t h E instein since 1 9 1 2 . For m a n y years, he had tried 

to attract E inste in to a permanent posit ion in the Netherlands. Suffer ing from a "morbid lack of 

self -conf idence,"according to E i n s t e i n , he mercy-ki l led his s ixteen-year-old son, Vass ik , w h o suf-

fered from Down's syndrome, and t h e n shot himself. 

1935 

A "snake oil" salesman putting 

on a show in Tennessee. Such 

demonstrations were still 

popular through the late 1930s. 

A house became available for the Einsteins at 112 Mercer 
Street, less than a mile's walk to both Fine Hall on the 
university campus and the new grounds of the Institute 
for Advanced Study, which would be Einstein's profes-
sional home until his death. 

Though the Einsteins had come to the United States 
with only visitors'visas, their goal was to become U.S. cit-
izens. At that time, an application for citizenship could 
be filed only at a foreign consulate in a foreign coun-
try. They chose to do so in Bermuda and took a cruise 
there in May. After filing their application, they were the 
guests of the American consul at a lavish party in Ein-
stein's honor. Five years later, the required waiting time, 
Einstein would become a U.S. citizen. 

Einstein also traveled to Massachusetts to receive an 
honorafy degree from Harvard University. The Einsteins 
spent the summer in Old Lyme, Connecticut, a historic 
seaside village on the east bank of the mouth of the Con-
necticut River. 

In Europe, Germany incorporated the Saarland, since 
1919 an autonomous region in what is now southwest-
ern Germany, into its Reich. The Nazis repudiated the 
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Einstein circa 1935 

Versailles Treaty and stopped making World War I rep-
arations while also reintroducing compulsory military 
service. As Germany began to prosper again, the Na-
zis passed the Nuremberg Laws, by which Jews lost all 
protections and security as German citizens, relegating 
them to second-class citizenship and prohibiting them 
from marrying or having sexual relations with "Aryan" 
Germans. 

A PUNCH-CARD MACHINE introduced by I B M had an arith-
metic unit based on relays and could perform multiplica-
tion. 

Hideki Yukawa of Japan proposed that the force hold-
ing the atomic nucleus together resulted from the ex-
change of a new particle that was several hundred times 
heavier than an electron. Two years later it was estab-
lished that Yukawa's particle was the 71-meson, or pion. 

Sir James Chadwick of England was awarded the No-
bel Prize in physics for the discovery of the neutron. The 
chemistry prize was awarded jointly to Frederic Joliot 
and Irene Joliot-Curie of France in recognition of their 
synthesis of new radioactive elements, or artificial radio-
activity. 
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199. "Appeal for J e w i s h U n i t y . " A d d r e s s before t h e women's d i v i s i o n o f t h e A m e r i c a n 

J e w i s h Congress . New Palestine 2 5 , no. 9 ( M a r c h 1 , 1 9 3 5 ) : 1 . 

O A A "Peace M u s t Be W a g e d . " I n t e r v i e w by R. M. B a r t l e t t . Survey Graphic 2 4 ( 1 9 3 5 ) : 384. 

fciWV» E inste in offered his v i e w on war and peace in th is interv iew, deal ing m a i n l y with 

Germany's nat ional ism since the First World War. He said t h a t every c o u n t r y needs to surren-

der a port ion of its sovereignty through internat ional cooperat ion, t h a t people need to th ink in 

internat ional terms, and that , to avoid destruct ion, humans must sacrif ice aggression. He also 

stated his bel ief that humans can abol ish war through educat ion. 

M" C a n Q u a n t u m - M e c h a n i c a l D e s c r i p t i o n Be C o n s i d e r e d C o m p l e t e ? " ( w i t h B. Podol-

• s k y a n d N. Rosen). Physical Review, ser. 2, 4 7 ( 1 9 3 5 ) : 7 7 7 - 7 8 0 . 

Here t h e authors brought to publ ic a t t e n t i o n Einstein's cr i t ica l a t t i t u d e toward q u a n t u m 

theory ("spooky act ion-at -a -d istance") . T h e y elegantly exposed the consequences of the quan-

t u m - m e c h a n i c a l formal ism regarding the representation of a state of a system t h a t consists of 

t w o particles t h a t have been in interact ion for a l imited t i m e interval . Accord ing to their cr ite-

ria, q u a n t u m mechanics does not provide a complete descr ipt ion of physical reality. If it is to be 

complete, t h e n so-called hidden var iables m u s t e x i s t . T h i s paper later created c o n t e n t i o n among 

phys ic ists , after the work of John Bell in 1 9 6 4 propelled it into s ign i f icance. Bell showed that 

q u a n t u m mechanics must be nonlocal . Subsequent experiments have conf i rmed Bell's theorem. 

N a t h a n Rosen was a y o u n g student and collaborator of Einstein's w h o later became a found-

ing member of the physics d e p a r t m e n t at the Technion in Haifa, Israel. According to Abraham 

Pais, the idea for the paper came from Rosen. Before c o m i n g to the Inst i tute for Advanced 

Study, Boris Podolsky had worked at Caltech in Pasadena. He wrote the actual paper after hav-

ing long discuss ions w i t h E i n s t e i n . 

202. "The Part ic le Problem i n t h e G e n e r a l T h e o r y of R e l a t i v i t y " ( w i t h N. Rosen). Physi-

cal Review, ser. 2, 4 8 ( 1 9 3 5 ) : 7 3 - 7 7 . 

A A O " E l e m e n t a r y D e r i v a t i o n o f t h e E q u i v a l e n c e of Mass a n d Energy." J. W. G ibbs Lec-

faUwi t u r e t o t h e A m e r i c a n A s s o c i a t i o n for t h e A d v a n c e m e n t o f S c i e n c e , December 28, 

1 9 3 4 . Bulletin of the American Mathematicdl Society 4 1 ( 1 9 3 5 ) : 2 2 3 - 2 3 0 . 
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936 Unfortunately, Elsa did not have a chance to enjoy her 
new home and furnishings for long. She became ill with 
kidney disease and had a painful year, some of it spent at 
Saranac Lake in upstate New York. She died right be-
fore Christmas. Though Einstein was depressed during 
the time she was ill, he recovered rather quickly after her 
death. It may have helped that he was not alone in his 
household: he still had the company of Margot, who had 
gotten a divorce from Dmitri, and Helen Dukas—and 
his work. Three years later, his sister, Maja, would join 
them as well. 

Hans Albert received a doctorate from the E T H 
(formerly the Poly) in Zurich. The following year he 
came to the United States to visit his father, and in 1938 
he resigned his position in Switzerland and moved to 
the United States with his family. After spending some 
time in Greenville, South Carolina, working at the U.S. 
Department of Agriculture, and at Caltech, he became 
a professor of hydraulic engineering at the University of 

111 
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California in Berkeley in 1947. After his wife, Frieda, died 
in 1958, he married Elizabeth Roboz. 

Albert Einstein came to understand and read English 
quite well, but the middle-aged man never mastered spo-
ken English and in letters to friends often complained 
about his difficulties. He was able to write and speak 
simple sentences, and he could read prepared speeches, 
but in general he reverted to German in long discussions 
or conversations. Many of his letters at this time were 
first written in German and then translated into English 
by Helen Dukas or colleagues. 

German troops occupied the Rhineland, a western 
area near the French border that had been under weak 
French control since the Treaty of Versailles. They re-
militarized the area without opposition. Hitler's foreign 
policy and plan for domestic construction were approved 
by an astounding 98.8 percent of the voters in a new Ger-
man referendum on March 29. His influence all over Eu-
rope grew as pro-Nazi groups wanted their countries to 
become part of the Third Reich, which Hitler was deter-
mined to expand. Many countries and autonomous re-
gions were easy targets as they were going through the 
Great Depression and Hitler promised to restore Ger-
many's power and prestige, lost after its defeat in World 
War I. Not all were eager to join, however. An Austro-
German convention reiterated that Austria was an in-
dependent country, a state of affairs that would change 
in two years with the Anschluss (union of the two coun-
tries). 

IN M E D I C I N E AND T H E S C I E N C E S , great strides were 
being made. Dr. Alexis Carrel and his lab assistant, the 
aviator Charles Lindbergh, developed the first artificial 
heart to be used during heart surgery, by inventing the 
perfusion pump. 

Edwin Hubble, in his book The Realm of the Nebulae, 
suggested that the universe extends out about 500 mil-
lion light-years. This distance has been revised upward 
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several times since then, making our own galaxy just a 
tiny speck in a vast cosmos. 

English mathematician Alan Turing, while a gradu-
ate student at Princeton University, published a paper in 
which he described the "Turing machine," the abstract 
precursor of the computer. Turing committed suicide in 
1954 in England by cyanide poisoning. 

Hans von Ohain, who designed the first operational 
turbojet engine, gained a patent for his machine. Frank 
Whittle had already filed the first patent for a jet engine 
in 1930, but Von Ohain's jet was the first to fly, in 1939. 

The first television broadcast took place in England. 
The Nobel Prize in physics was divided equally be-

tween Victor F. Hess of Austria for his discovery of cos-
mic rays and Carl D. Anderson of the United States for 
his discovery of the positron. The chemistry prize was 
awarded to Peter Debye of the Netherlands (though he 
worked in Berlin at the time of the award) for his contri-
butions to our knowledge of molecular structure through 
investigations on dipole moments and on the diffraction 
of x-rays and electrons in gases. 

Q A / 1 " S o m e T h o u g h t s C o n c e r n i n g E d u c a t i o n . " T r a n s l a t e d b y L i n d a A r r o n e t . School and 

rnm\J I • Society 4 4 ( 1 9 3 6 ) : 5 8 9 - 5 9 2 . R e p r i n t e d in Ideas and Opinions ( 1 9 5 4 ) as "On E d u c a -

t ion." 

In this speech, given at a convocation of the State University of New York at Albany to cel-
ebrate the tercentenary of higher education in America, Einstein said that the aim of education 
must be to train independently thinking individuals whose highest life goal should be to serve 
their community. Schools should not use fear, force, and artificial authority—all of which he 
had detested in the German educational system of his youth. 

205. "Freedom of Learning."Science 83, new ser. ( 1 9 3 6 ) : 3 7 2 - 3 7 3 . 

^ j A / J " P h y s i c s a n d Real i ty / 'Journal of the Franklin Institute 221, no. 3 ( M a r c h 1 9 3 6 ) : 3 1 3 -

• v W i 347. Repr inted in Ideas and Opinions ( 1 9 5 4 ) . 

Einstein, who was awarded the Franklin Medal in 1935, argued that the quantum-mechani-
cal description can be considered only as a way of accounting for the average behavior of a large 
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number of atomic systems. In the fo l lowing words, he expressed his bel ief t h a t it should give 

exhaust ive descr ipt ions of i n d i v i d u a l phenomena: "To believe th is is logical ly possible w i t h o u t 

c o n t r a d i c t i o n , but it is so very c o n t r a r y to my scientif ic i n s t i n c t t h a t I c a n n o t forgo the search 

for a more complete conception." 

207. " T h e T w o - B o d y P r o b l e m in G e n e r a l R e l a t i v i t y " ( w i t h N. R o s e n ) . Physical Review, 

ser. 2 , 4 9 ( 1 9 3 6 ) : 4 0 4 - 4 0 5 . 

208. " L e n s - l i k e A c t i o n o f a S t a r b y D e v i a t i o n of L i g h t i n t h e G r a v i t a t i o n a l F ie ld." 

Science 84 ( 1 9 3 6 ) : 5 0 6 - 5 0 7 . 

1937 
u 

Sir Ernest Rutherford, discov-

erer of the nucleus, dies. 

Though Einstein continued to give speeches and inter-
views and carried on a hefty correspondence, he pub-
lished only one paper this year, and this one was in col-
laboration with someone else. In fact, his scientific work 
now consisted almost entirely of collaborations with 
young assistants as his working energy declined. 

Einstein continued to help refugees come to the Unit-
ed States by trying to find them sponsors or jobs and 
lending or giving them money when necessary. 

SING A CLOUD CHAMBER, J. C. Street and E. C. Steven-
son discovered the muon. Before this, scientists had 
thought that electrons, protons, and the newly discovered 
neutron were the only fundamental particles. The muon 
is an unstable lepton (a particle that has spin quantum 
number Vi and experiences no strong forces) that is com-
mon in the cosmic radiation near Earth's surface. 

Grote Reber constructed the first radio telescope in his 
backyard in Wheaton, Illinois. He built the telescope at 
his own expense while working for a radio company in 
Chicago. 

The Nobel Prize in physics was awarded jointly to 
Clinton Joseph Davisson of the United States and Sir 
George Paget Thomson of England for their experimen-
tal discovery of the diffraction of electrons by crystals. 
The chemistry prize was divided equally between Sir 
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Walter N. Haworth of England, for his investigations on 
carbohydrates and vitamin C, and Paul Karrer of Swit-
zerland, for his investigations on carotenoids, flavins, and 
vitamins A and B2. 

" O n G r a v i t a t i o n a l W a v e s " ( w i t h N . R o s e n ) . J o u r n a l of the Franklin Inst i tute 2 2 3 

• ( i937) : 43-54-

1938 This year, great waves of immigration into the United 
States followed the annexation (Anschluss) of Austria by 
Germany in March. Einstein could no longer handle the 
flow of appeals that came to him, and his finances be-
came limited while America was still going through the 
Depression. He was now part of an ever-growing number 
of Jewish refugees in America, many of them academics, 
though he did not socialize with them exclusively. His 
closest friends were educated, nonacademic professionals 
such as physicians, artists, and writers. 

Einstein's second grandson, Hans Albert and Frieda's 
son Klaus, died suddenly late in the year at the age of 
six, possibly of diphtheria. Einstein wrote to the couple 
in January 1939, after he had learned of the death: "The 
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deepest sorrow loving parents can experience has come 
upon you... Although I saw [Klaus] only for a short time, 
he was as close to me as if he had grown up near me." 

Sensing a tumultuous time ahead, President Roosevelt 
sent an appeal to Germany and Italy to settle European 
problems amicably, but the United States withdrew its 
ambassador to Germany, and Germany, not to be out-
done, recalled its ambassador to the United States. The 
infamous Kristallnacht took place in November, and 
Hermann Goering, the outrageous, brutal, and cunning 
commander in chief of the German Air Force who had 
gained power in economic and political circles, fined 
Germany's Jews a million marks and ordered the "Ary-
anization" of all Jewish businesses. Goering used his po-
sition to indulge in ostentatious luxury. He occupied a 
palace in Berlin and built a lavish hunting lodge where 
he organized feasts and hunting expeditions and in gen-
eral showed off his extravagant tastes. Charles Lindbergh 
had accepted the German Medal of Honor from Goer-
ing, causing outrage in the United States. The following 
year he made himself even more unpopular by criticiz-
ing FDR's policies, whereupon the president denounced 
Lindbergh. The aviator never returned the medal. 

Enrico Fermi receives the 
Nobel Prize for his work on 
artificial radioactivity. 
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THIS Y E A R IN P H Y S I C S , Otto Hahn, Lise Meitner, Fritz 
Strassmann, and Meitner's nephew Otto Frisch discov-
ered nuclear fission, which had revolutionary effects not 
only in physics but later also on world politics, when 
nuclear weapons became an issue. Hans Bethe hypoth-
esized that nuclear fusion is the source of energy in stars, 
and Arthur Compton demonstrated that cosmic radia-
tion consists of charged particles. 

The Nobel Prize in physics was awarded to Italy's 
Enrico Fermi for his demonstration of the existence of 
new radioactive elements produced by neutron irradia-
tion and for his related discovery of nuclear reactions 
brought about by slow neutrons. Germany's Richard 
Kuhn received the chemistry prize for his work on carot-
enoids and vitamins. Kuhn was pressured not to accept 
the award because Hitler had raged against the Nobel 
committee after it had awarded the peace prize in 1935 to 
Carl von Ossietzky, a Nazi opponent. The German gov-
ernment informed Kuhn that accepting the prize would 
not be in the best interests of the country, forcing him to 
forgo the prize money. Later, he did at least accept the 
medal and certificate. 

0 1 A "Our Debt t o Z i o n i s m . " A d d r e s s to N a t i o n a l Labor C o m m i t t e e for Pa lest ine. New 

Palestine 28, n o . 2 ( A p r i l 29, 1 9 3 8 ) : 2 - 4 . R e p r i n t e d i n Ideas and Opinions ( 1 9 5 4 ) . 

This essay is part of an address given to the National Labor Committee for Palestine in New 
York City on April 17, 1938. Focusing on the current troubled times for Jews, Einstein said that 
Zionism had renewed a sense of community among the Jews, enabling many of them to escape 
anti-Semitism and engaging them in productive work in Palestine. 

m" W h y Do T h e y H a t e t h e J e w s ? " T r a n s l a t e d by R u t h N o r d e n . Collier's Weekly 1 0 2 ( N o -

• v e m b e r 26, 1 9 3 8 ) : 9 - 1 0 , 38. R e p r i n t e d in Ideas and Opinions ( 1 9 5 4 ) . 

In answer to this question, Einstein said that Jews were the object of discrimination because 
they are thinly scattered throughout the Diaspora and therefore unable to defend themselves 
against attacks, usually initiated by envious antagonists. Historically, they have been charged 
both with trying to assimilate and with being too clannish. He maintained that societies need 
heterogeneous groups, both political and social, for their invigorating effect on all aspects of 
life. 
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" G r a v i t a t i o n a l E q u a t i o n s a n d t h e Problems of M o t i o n " ( w i t h Leopold Infeld and 

• B a n e s h H o f f m a n n ) , p a r t 1 (see paper 2 2 3 for part 2 ) . Annals of Mathematics 39, 

ser. 2 ( 1 9 3 8 ) : 6 5 - 1 0 0 . 

Discussing their theory of the interact ion of point masses w i t h grav ity , the three physicists 

showed t h a t the laws of mot ion of such particles follow the g r a v i t a t i o n a l field equat ions. 

0 1 0 " G e n e r a l i z a t i o n o f Kaluza's T h e o r y o f E l e c t r i c i t y " ( w i t h Peter B e r g m a n n ) . Annals of 

fallfi Mathematics 39, ser. 2 ( 1 9 3 8 ) : 6 8 3 - 7 0 1 . 

Peter Bergmann was Einstein's ass istant at the Inst itute for Advanced S t u d y unti l 1 9 4 1 , and 

they coauthored two papers: t h i s one and one in 1 9 4 1 , w h i c h inc luded another ass istant, Val-

ent ine B a r g m a n n , as a th i rd author. In 1 9 4 2 , E inste in wrote the foreword for Bergmann's text-

book, Introduction to the Theory of Relativity. 

01/1 v̂0'utl0n °f Physics: The Growth of Ideas from Early Concepts to Relativity and Quanta 

falTi ( w i t h Leopold I n f e l d ) . N e w Y o r k : S i m o n a n d S c h u s t e r , 1 9 3 8 . 

In th is popular book, E inste in and Infeld presented the ideas b e h i n d re lat iv i ty theory and 

traced physical t h o u g h t s ince the t i m e of Gal i leo. T h e y did so w i t h o u t t h e use of mathemat ics , 

making t h i s a useful guide for laypeople and physic ists al ike. Infeld, w h o had come to the Unit -

ed States from Poland, worked as an ass istant to E inste in at the Inst i tute for Advanced Study 

from 1936 to 1938. From 1938 to 1 9 5 0 he worked at the Univers i ty of Toronto, but then the Ca-

nadian g o v e r n m e n t accused h i m of d ispens ing secret a t o m i c bomb informat ion to the Soviet 

Union and he returned to Poland, d y i n g there in 1968. 

1939 Einstein's sister, Maja, came to Princeton from Italy. Her 
husband, Paul Winteler, had been refused entry into the 
United States because of health problems, which at that 
time made one ineligible for immigration. He moved to 
Geneva to live with friends, but Maja decided to move to 
Princeton to be in a safer haven with her brother, hoping 
to rejoin Paul later. The Einstein household on Mercer 
Street now consisted of Einstein, Maja, Margot, Hel-
en Dukas, and a dog, Chico, and cat, Tiger. All of them 
would continue to live in the house until their deaths, 
with Margot being the last to die in 1986. 

By now Einstein was becoming an outsider in the 
world of physics, no longer involved with mainstream 
research. Still, he kept abreast of the newest develop-
ments, debated quantum mechanics, and worked on his 
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Home sweet home—Einstein's 

house on Mercer Street in 

Princeton 

unified field theory. He gained scientific satisfaction vi-
cariously through his younger associates and continued 
the humanitarian and political involvements he cham-
pioned. 

Because of his reputation as a genius and humanitar-
ian, Einstein's name continued to carry a lot of weight, 
and his involvement in a project often led to its success. 
On a muggy July day, his old friend Leo Szilard (from 
the refrigerator days) visited Einstein's summer retreat at 
Peconic Bay in Rhode Island. Another physicist, Eugene 
Wigner, was at his side. They reported that, in new ex-
periments with uranium, German chemists Otto Hahn 
and Fritz Strassmann had demonstrated the possibil-
ity of splitting the atom of uranium-235 (which, as Aus-
trian physicist Lise Meitner explained to them from her 
exile in Sweden, was "nuclear fission"). With this devel-
opment, scientists would soon be able to achieve a chain 
reaction that could produce a huge amount of energy— 
possibly a fission bomb—and the visitors feared that 
Germany might begin work on such a bomb. They re-
ported that, recognizing the implications, Frederic Joliot 
of France had immediately ordered six tons of uranium 
oxide from the Belgian Congo and heavy water (used as a 
moderator and coolant in nuclear reactors) from Norway 
and sent the material to England ahead of the invading 
German army. The visitors and their host anxiously dis-
cussed the scenario that Germany might also recognize 
the possibilities inherent in chain reactions and embark 
on an atomic bomb project of its own. 

By August, Szilard had drafted a letter to President 
Roosevelt, which Einstein was to sign, warning the pres-
ident about the military implications of atomic energy. 
The letter stressed that a catastrophe might lie ahead il 
Germany succeeded in building a bomb and the United 
States neglected to do so. Einstein signed the letter, and 
it was delivered to Roosevelt—though not until more 
than a month after World War II had already begun on 
September 3. Roosevelt thanked Einstein for the impor-
tant news and proceeded to appoint a committee to do a 
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year's work of research on uranium and to study the pos-
sibilities of nuclear energy. 

The World's Fair took place in New York, and Ein-
stein and the members of his household took time to 
enjoy the exhibits. Einstein submitted a statement, "To 
Posterity," for the fair's time capsule. In it, he recalled 
some of the world's technological achievements and 
informed future generations that people were living in 
both economic fear and fear of war. He said that the 
intelligence and character of the masses are lower than 
those of the few people who had achieved something 
that was of value to the world. 

Einstein was present when the cornerstone of Fuld 
Hall, the Institute for Advanced Study's first building, 
was laid on May 22. 

On September 1, Germany invaded Poland and 
annexed the northern German-speaking port city of 
Danzig (Gdansk). Within two days, Britain and France 
declared war on Germany, while the United States re-
mained neutral. Germany continued to overrun west-
ern Poland and took Warsaw, the capital city, immedi-
ately installing a Nazi governor-general in Poland. At 
the same time, the USSR was invading Poland from the 
east. In England, women and children were evacuated 
from London—where the English translation of Hitler's 

Einstein and family members 

at the World's Fair in New York 
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Mein Kampf was now being published—in anticipation 
of war. In the United States, the economy began to re-
cover as the European nations ordered arms and materiel 
in preparation for war. Meanwhile, at the dawn of World 
War II in Europe, Sigmund Freud died in London at the 
age of eighty-three. 

IN 1939, NIELS BOHR proposed his "droplet model" of 
the nucleus, which paved the way for nuclear fission. Ac-
cording to this model, short-range forces pull nuclear 
particles together, similar to the way in which molecules 
of a liquid attract one another. Basically, the theory stated 
that a fission reaction might be initiated if a neutron hit 
the heavy nucleus of an atom. Bohr discovered that the 
rare uranium-235 was fissionable and the more common 
isotope uranium-238 was not, which became important 
to the work of the Manhattan Project. 

The ever-inventive Szilard proposed stacking alter-
nate layers of graphite and uranium in a lattice; this ge-
ometry would define neutron scattering and subsequent 
fission events. 1 . 1 . Rabi and his collaborators developed 
a method for measuring nuclear magnetic moments, 
which forms part of the basis for lasers, atomic clocks, 
and measurement of the Lamb shift. Americans viewed 
their first television broadcast, launching a sea change in 
home entertainment. 

Ernest O. Lawrence of the United States was awarded 
the Nobel Prize in physics for the invention and devel-
opment of the cyclotron and for results obtained with it, 
especially with regard to artificial radioactive elements. 
The chemistry award was given to Adolf Butenandt of 
Germany for his work on sex hormones and to Leo-
pold Ruzicka of Switzerland for his studies on poly-
methylines and higher terpenes. As with Richard Kuhn 
the preceding year, the German government pressured 
Butenandt into refusing to accept his prize on political 
grounds, but, like Kuhn, he received the medal and cer-
tificate later. 
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Albert Einstein circa 1959 

"Our Goal." Address at a c o n f e r e n c e at P r i n c e t o n T h e o l o g i c a l S e m i n a r y , M a y 19, 

• 1 9 3 9 . M i m e o g r a p h . R e p r i n t e d as part 1 of " S c i e n c e a n d R e l i g i o n " in Ideas and Opin-

ions, 4 1 - 4 4 . See paper 2 2 5 for part 2 . A l s o see papers 1 5 6 a n d 2 5 6 o n t h e s a m e t o p i c . 

According to E inste in , sc ient i f ic and rat ional means cannot f u l l y serve to inf luence a person's 

c o n v i c t i o n s and b e l i e f s — t h e y have their l i m i t s . T h e r e f o r e , the most i m p o r t a n t funct ion of reli-

g i o n in our social l ives is to make clear a society's values and goals, its powerful t rad i t ions that 

have g i v e n a foundat ion to aspirat ions and va lues .Tradit ions do not need to be just i f ied because 

t h e y have already worked well in a healthy society. 

O [ S i x t i e t h B i r t h d a y S t a t e m e n t . ] Science 89, new ser. ( 1 9 3 9 ) : 2 4 2 . 

L l U i E inste in very briefly discussed the Amer ican scientif ic sp i r i t , expressing appreciat ion 

for the ideal work ing and l iv ing c o n d i t i o n s he was e n j o y i n g in the United States. 

O l 7 " E u r o p e W i l l Become a Barren W a s t e . " N e w Palestine 29 ( M a r c h 2 4 , 1 9 3 9 ) : 1 - 2 . 

t m X l m Based on a radio address in support of the United Jewish Appeal ent it led " H u m a n i t y 

on Tr ia l ,"th is statement was also d ist r ibuted as a leaflet. 

0 1 Q " S t a t i o n a r y S y s t e m s w i t h S p h e r i c a l S y m m e t r y C o n s i s t i n g o f M a n y G r a v i t a t i n g 

falOi Masses / '^nnals of Mathematics, ser. 2, 4 0 ( 1 9 3 9 ) : 9 2 2 - 9 3 6 . 



British prime minister W i n s t o n 

Churchi l l makes a w a r t i m e 

radio address. 

Noting that no decisive action had been taken after his 
warning about atomic energy, Einstein sent a second let-
ter to President Roosevelt in March, stressing the urgen-
cy of the situation. But the pace did not pick up until the 
fall of 1941. 

Einstein became an American citizen on October 1. 
Along with Helen Dukas and stepdaughter Margot, he 
went to the courthouse in Trenton to take his oath of al-
legiance. Einstein retained his Swiss citizenship, howev-
er, and held dual citizenship until the end of his life. 

In the midst of the war in Europe, under skies heavy 
with military planes, Winston Churchill became prime 
minister of Britain after Neville Chamberlain resigned; 
Churchill passionately delivered his famous "blood, 
sweat, and tears" speech to rally his country and pre-
pare them for what lay ahead. Germany invaded Nor-
way, Denmark, Holland, Belgium, and Luxembourg; the 
Dutch and Belgians surrendered and German occupa-
tion began in the two countries. Italy declared war on 
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1940 
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Einstein, stepdaughter Margot 

(right), and secretary Helen 

Dukas become U.S. citizens. 

France and Britain, and the Germans entered Paris in 
June. Germany conducted a Blitzkrieg (literally, light-
ning war—here, all-night, intensive aerial bombing) of 
London. Japan, Germany, and Italy—the Axis Powers— 
signed a military and economic pact. Throughout all of 
this turmoil, many of Europe's greatest scientists man-
aged to flee to the United States. 

In America, voters elected Franklin Roosevelt as presi-
dent for an unprecedented third term. In anticipation of 
war, he asked Congress for a huge defense budget and 
urged the production of fifty thousand airplanes. Con-
gress created the Selective Service System for compulsory 
military service, and all men between the ages of twenty-
one and thirty-six were required to register immediately. 
The Smith Act required all aliens to register. 

BY MARCH 1940, physicists Otto Frisch and RudolfPei-
erls in England had produced two brief but significant 
papers showing that, if the rare uranium-235 isotope 
could be separated, the amount needed for a bomb would 
be relatively small and therefore the building of a bomb 
would be feasible. 

Georgii Flerov and Konstantin Petrzhak of the So-
viet Union discovered the spontaneous fission of urani-
um. Harold Urey became director of the U.S. program to 
separate uranium isotopes; while doing so, he developed 
statistical methods of isotope separation that permitted 
large-scale production of uranium-235. Further, Norbert 
Wiener proposed the construction of vacuum-tube elec-
tronic computers that could, by using binary mathemat-
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ics on magnetic tape, make totally preprogrammed digi-
tal calculations. 

Vannevar Bush, director of the Carnegie Institution of 
Washington, organized the National Defense Research 
Committee to mobilize America's scientific resources in 
support of the war effort. • 

This year through 1942, no Nobel Prizes were award-
ed in physics and chemistry. Instead, the prize money for 
these years was allocated to the foundation's Main Fund 
and to the Special Fund of each section. 

0 1 0 " F r e e d o m a n d S c i e n c e / ' T r a n s l a t e d by J a m e s C u t m a n n . In Freedom: Its Meaning, e d -

L l v i i ted by R u t h N. A n s h e n , 3 8 1 - 3 8 3 . N e w York: H a r c o u r t , Brace. 

After stat ing that most people can agree on two g o a l s — t o sat isfy their basic physical needs 

through the least a m o u n t of work possible and to be sp i r i tua l ly c o n t e n t , for w h i c h t h e y m u s t 

have the chance to develop their intel lectual and art ist ic g i f t s — E i n s t e i n said t h a t the freedom 

to express oneself is p a r a m o u n t . People should not have to work so m u c h that they have neither 

the t i m e nor the strength to express themselves creat ively or w i t h independent ideas. 

O O A " N e w Bond a m o n g N a t i o n s " ( N e u e r B u n d der N a t i o n e n ) . Au/bau 6, no. 26 ( D e c e m -

' - r i f a V a ber 27, 1 9 4 0 ) : 1 - 2 . 

Th is art ic le is based on an i n t e r v i e w at the t ime E inste in received his Amer ican c i t izensh ip . 

221. " M y P o s i t i o n o n t h e J e w i s h Q u e s t i o n " ( M e i n e S t e l l u n g z u r j i i d i s c h e n Frage) . Aufbau 

6, no. 52 ( D e c e m b e r 27, 1 9 4 0 ) : 9. 

0 0 0 [ S t a t e m e n t o n t h e s i g n i f i c a n c e of A m e r i c a n c i t i z e n s h i p . ] In I Am an American: By 

Famous Naturalized Americans, e d i t e d by Robert Spears B e n j a m i n , 4 3 - 4 7 . N e w Y o r k : 

A l l i a n c e Book. 

223. " G r a v i t a t i o n a l E q u a t i o n s a n d t h e Problems of M o t i o n " ( w i t h Leopold Infeld) , part 

2 (see no. 2 1 2 for p a r t 1 ) . A n n a l s of Mathematics 4 1 , ser. 2 ( 1 9 4 0 ) : 4 5 5 - 4 6 4 . 

0 0 / 1 " C o n s i d e r a t i o n s C o n c e r n i n g t h e F u n d a m e n t a l s of T h e o r e t i c a l Physics." Science 9 1 , 

new series ( 1 9 4 0 ) : 4 8 7 - 4 9 2 . Repr inted in Ideas and Opinions ( 1 9 5 4 ) as "The F u n d a -

ments of T h e o r e t i c a l P h y s i c s . " A d d r e s s t o t h e E i g h t h A m e r i c a n S c i e n t i f i c Congress , W a s h i n g -

ton, D.C. , M a y 2 4 , 1 9 4 0 . 

E inste in traced the d e v e l o p m e n t of theoret ical sc ient if ic t h i n k i n g and the attempt to find a 

un i fy ing theoretical basis for each branch of science. 



1941 
The destruction at Pearl 

Harbor, as photographed by a 

Japanese pilot 

Einstein became a grandfather again, with the adoption 
of Evelyn, born in March, by Hans Albert and Frieda. 

On the eve of the attack on Pearl Harbor, the U.S. 
government at last decided to embark on a massive tech-
nological and scientific enterprise in support of the de-
velopment of atomic energy. Plans were made for the 
highly classified Manhattan Project, to be carried out 
by eminently skilled physicists and technical experts in 
laboratories in Los Alamos in the New Mexico des-
ert. When the Manhattan Project was established, its 
first major challenge was to find acceptable and plenti-
ful sources of fuel for the bombs. Both uranium-235 and 
plutonium-239 were likely candidates because they could 
sustain a chain reaction, which gives the atomic bomb 
its power. 

Einstein was ready to help in the effort but was unable 
to do so: he could not get the required security clearance. 
His newly adopted homeland considered him a security 
risk because of his leftist sympathies. Indeed, agents had 
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been following his every move for years and were con-
tinuing to do so without his knowledge.The massive FBI 
file on Einstein can now be seen on the FBI's Website on 
the Internet and is discussed thoroughly in a recent book 
by Fred Jerome. In the end, the FBI reports concluded 
that Einstein did not appear to have Communist lean-
ings, nor was he involved in subversive activities. Still, 
his fearlessness in associating socially with Soviet sym-
pathizers made him a suspect citizen. Had FBI agents 
known that Einstein's warnings helped to establish the 
Manhattan Project to defend the nation, they might have 
been more likely to consider him a loyal American. 

In later years, after witnessing the devastation and ag-
ony caused by atomic weapons, Einstein said if he had 
known that the Germans would not be successful in 
building a bomb, he would never have signed the letter to 
Roosevelt. Though German scientists had been aware of 
the possibilities, they were not able to build a bomb be-
cause the necessary resources were not available to them 
under war conditions. Still, a nuclear reactor running at 
criticality was almost achieved by the Germans by the 
end of the war. 

The U.S. government did seek Einstein's advice over 
the next few years on nonclassified matters and on ex-
plosives. He felt useful in being part of the effort to de-
feat fascism while being spared from any direct involve-

The carving of Mount Rush-

more was halted in 1 9 4 1 when 

the United States entered 

World War II. 
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ment in the development of the most destructive weapon 
ever built. 

World War II was already in full swing all over Eu-
rope, and Germany opened its counteroffensive in North 
Africa and invaded Russia, seeking to expand the Third 
Reich. The German battleship Bismarck sunk the Brit-
ish battleship HMS Hood after one of the fiercest naval 
battles in history, and then Allied torpedoes succeeded 
in sinking the German vessel; the wreck of the Bismarck 
was discovered in 1989 at a depth of 15,700 feet, and the 
Hood was found in 2001. 

After the U.S. ambassador to Japan warned Roosevelt 
of a possible Japanese attack on the United States and 
Pearl Harbor was hit on December 7, the United States 
and Britain declared war on Japan. On December 10, 
Germany declared war on the United States. Italy fol-
lowed suit, and the United States declared war on both 
countries. In the U.S. Congress, only one congressional 
representative, pacifist Jeanette Rankin of Montana, cast 
a vote against declaring war. 

GLENN SEABORG and his colleagues at the University of 
California in Berkeley discovered the element plutoni-
um. One of its isotopes (P-239, which they produced 
from P-238) was fissionable and suitable for an atomic 
bomb. Its fission rate was even greater than that of ura-
nium-235. 

Lev Landau of the Soviet Union constructed a com-
plete theory of quantum liquids at very low temperatures. 
He would win the Nobel Prize in physics in 1962. 

No Nobel Prizes in physics and chemistry were award-
ed this'year. 

Swing sweeps the nation. 

Count Basie and his orchestra 

are among the most popular of 

the big bands. 

" S c i e n c e a n d R e l i g i o n , Part 2." In Science, Philosophy and Religion, a s y m p o s i u m vol -

• u m e p u b l i s h e d by t h e C o n f e r e n c e on S c i e n c e , P h i l o s o p h y a n d R e l i g i o n in T h e i r 

D e m o c r a t i c W a y o f Life, N e w Y o r k , 1 9 4 1 . R e p r i n t e d as part 2 of " S c i e n c e and R e l i g i o n " in 

Ideas and Opinions ( 1 9 5 4 ) , 4 4 - 4 9 . See paper 2 1 5 for part 1 . A l s o see papers 1 5 6 a n d 2 5 6 o n t h e 

same t o p i c . 
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Einste in said that he can define sc ience, but he c a n n o t define rel ig ion. Therefore, i f a person 

claims to be rel igious, he assumes it is someone who has values of a superpersonal, not mate-

r ial ist ic, nature. Confl icts between science and rel igion have sprung from fatal errors, rel igion 

can learn from science to ach ieve its goals, and the source of the need to seek truth through sci -

ence springs from the rel ig ious sphere, that is, from a fa i th t h a t the rules val id for the world of 

existence are rat ional . He made his famous remark, "Science w i t h o u t rel ig ion is lame, rel igion 

w i t h o u t science is bl ind." 

O f l / J " F i v e - D i m e n s i o n a l R e p r e s e n t a t i o n o f G r a v i t a t i o n a n d E l e c t r i c i t y " ( w i t h V . Barg-

fafaUi m a n n a n d P. G . B e r g m a n n ) . In Theodore von Karman Anniversary Volume, 2 1 2 - 2 2 5 . P a s ~ 

adena, Cal i f . : C a l i f o r n i a I n s t i t u t e o f T e c h n o l o g y , 1 9 4 1 . 

"Credo as a Jew." In Universal Jewish Encyclopedia 4 ( 1 9 4 1 ) : 3 2 - 3 3 . 227 
" T h e C o m m o n L a n g u a g e o f S c i e n c e . " Advancement of Science ( L o n d o n ) : 2 , n o . 5 

• ( 1 9 4 1 ) . R e p r i n t e d i n Ideas and Opinions ( 1 9 5 4 ) . 

In this broadcast recording for a science conference in London on September 28, 1 9 4 1 , E i n -

stein spoke of language as an i n s t r u m e n t of reasoning and of the i n t i m a t e connect ion between 

language and t h i n k i n g . 

1942 
1943 

Einstein officially became a consultant on explosives for 
the U.S. Navy, for which he was paid twenty-five dollars 
a day. 

Bertrand Russell arrived in Princeton, beginning a 
friendship with Einstein and meeting for discussions 
with him and others once a week. 

The United States appointed General Douglas Mac-
Arthur commander in chief of the troops in the Far East 
and General Dwight D. Eisenhower in Europe and 
North Africa. The Japanese continued to invade and 
capture territories in the Pacific and defeated the U.S. 
fleet at the Battle of the Java Sea. The Japanese occupied 
Bataan on the Philippine Peninsula and forced seventy 
thousand American and Filipino soldiers to march more 
than sixty miles to a northern camp; about 10 percent 
died on the way, while the others were brutally mistreat-
ed and starved during what became known as the Bataan 
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Uneasy all iance: Josef Stalin, 

Franklin Delano Roosevelt, and 

Winston Churchill 

"Women had a big share in fill-

ing these bundles for Berlin." 

w 

Death March. In Germany and Poland, the murder of 
millions of Jews, Slavs, and dissidents began in the Nazi 
death camps. Allied round-the-clock bombing of Ger-
many began by the end of 1943. 

In the United States, Japanese Americans of all ages 
were undergoing horrors of their own. Even those born 
in the United States or holding U.S. citizenship were 
now considered a threat by the government and were 
forced to leave their homes on the West Coast and in 
Latin America. Caravans of military vehicles transported 
them to ten special inland detention camps until the end 
of the war. A little-known fact is that many Italian Amer-
icans were forced to move as well, all this as both Japa-
nese and Italian sons were sent to war on the American 
side. More than fifty years later, the Japanese would re-
ceive minor reparations for the indignities they suffered, 
while the Italians were still struggling to get their story 
known. In 2000, Congress asked the Civil Rights Divi-
sion of the U.S. Department of Justice to investigate re-
ports that thousands of Italian Americans were arrested, 
rounded up, or interned and that their homes were raided 
and property was confiscated during World War II. 

ORK BEGAN at the Clinton Engineer Works (now Oak 
Ridge) in Tennessee to extract uranium-235 from ura-
nium ore. Early in 1942, General Leslie Groves was ap-
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pointed director of the whole Manhattan Project, and he 
in turn appointed J. Robert Oppenheimer as director of 
research at the Los Alamos National Laboratory, respon-
sible for developing the atomic bomb. 

In early 1942, physicist and Nobel laureate Arthur 
Holly Compton organized the Metallurgical Labora-
tory at the University of Chicago to study plutonium and 
fission piles. In December, Italian physicist and Nobel 
Prize winner Enrico Fermi, working at the University of 
Chicago's nuclear reactor, supervised the first controlled 
nuclear chain reaction, releasing controlled energy from 
the nucleus of the atom and laying the foundation for an 
atomic bomb. After Niels Bohr had updated him on the 
progress of fission, Fermi had immediately seen the pos-
sibility of the emission of neutrons at the start of a chain 
reaction—and when neutrons hit the heavy nucleus of an 
atom, a fission reaction could begin. Fermi continued to 
help solve the problems associated with the development 
of the bomb at the Manhattan Project; he became a U.S. 
citizen in 1944. 

Meanwhile, John Atanasoff and Clifford Berry, at 
Iowa State University in 1942, finished building the first 
electronic digital computer, the Atanasoff-Berry Com-
puter, or A B C . It incorporated several major innova-
tions, including the use of binary arithmetic, regenerative 

U.S. Marines are the first to 

desegregate. Blacks and whites 

share time on the diamond at 

Camp Lejeune. 
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Einstein works for the U.S. 

Navy. 

memory, parallel processing, and the separation of mem-
ory and computing functions. 

No Nobel Prizes in physics and chemistry were award-
ed in 1942. For 1943, the physics award went to Otto 
Stern of the Carnegie Institute of Technology in Pitts-
burgh for his contribution to the development of the 
molecular ray method and his discovery of the magnet-
ic moment of the proton. The chemistry prize went to 
George de Hevesy of Hungary for his work on the use of 
isotopes as tracers in the study of chemical processes. 

Q O A "The C o m m o n L a n g u a g e o f Sc ience." Advancement of Science 2, no. 5 ( 1 9 4 2 ) : 1 0 9 . 

tmtm V i A radio address to the Br it ish Associat ion for the A d v a n c e m e n t of Sc ience, g iven in 

September 1 9 4 1 but not publ ished unt i l the fol lowing year. 

O Q A " D e m o n s t r a t i o n o f t h e N o n - e x i s t e n c e of G r a v i t a t i o n a l F ie lds w i t h a N o n - v a n i s h -

FA J L / A ing Total Mass Free o f S i n g u l a r i t i e s / ' T u c u m a n Universidad Nacional, Revista, ser. A , 2 

( 1 9 4 2 ) : 1 1 - 1 5 . 

Based on an address before a j o i n t meet ing of the American Physical S o c i e t y and the Amer i -

can Associat ion of Physics Teachers, Pr inceton, N.J. , December 29, 1 9 4 1 , ent it led "Solut ions of 

the F in ite Mass of the G r a v i t a t i o n a l Equations." 

0 0 1 " N o n e x i s t e n c e o f R e g u l a r S t a t i o n a r y S o l u t i o n s o f R e l a t i v i s t i c F ie ld E q u a t i o n s " 

L v l i ( w i t h W o l f g a n g P a u l i ) . Annals of Mathematics 4 4 ( 1 9 4 3 ) : 1 3 1 - 1 3 7 . 
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1944 Einstein made a major contribution to the war effort this 
year. To raise money for war bonds, he had agreed to copy 
his 1905 paper on relativity by hand and allow it to be sold 
at auction. He contributed a second manuscript for the 
same cause. The manuscripts were auctioned in Febru-
ary: the relativity copy fetched $6.5 million, and the other 
manuscript $5 million. Einstein was astonished. The buy-
ers donated both copies to the Library of Congress. 

As the cost of living rose 3 percent in the United 
States, the war was still pummeling Europe, the Pacif-
ic, and North Africa, with gains and losses on all sides. 
In June, D-day (the Normandy invasion) took place—a 
huge Allied offensive on the French coast, with more 
than seven hundred ships and four thousand small craft 
meeting fierce German resistance and counterattacks. 

In July, a growing number of disaffected German mil-
itary officers who felt peace could be achieved only by 
Hitler's removal conspired in an attempt to assassinate 
the Fiihrer. The effort failed when the briefcase contain-
ing a bomb was bumped aside from Hitler's path, and 

Einstein and Bohr debate 

quantum mechanics. 
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Einstein with chorus girls 

Hitler suffered only minor injury. German field marshall 
Erwin Rommell (the "Desert Fox") supported Hitler's 
removal but did not take part in the assassination plot; 
instead, he committed suicide later in the year, knowing 
that Hitler would get him eventually. 

JOHN VON NEUMANN and Oskar Morgenstern published 
their formulation of game theory as it applies to human 
economic behavior, using zero-sum parlor games such 
as poker and chess. Stanislaw Ulam and Edward Tell-
er, while working on the Manhattan Project, developed 
a two-stage radiation implosion design that employed 
both fusion and fission and allowed the detonation of 
thermonuclear weapons. 

The Nobel Prize in physics was awarded to 1 . 1 . Rabi of 
the United States for his resonance method of recording 
the magnetic properties of atomic nuclei. The chemistry 
prize went to Otto Hahn of Germany for his discovery 
of fission of heavy nuclei. 

"Gandhi 's S t a t e s m a n s h i p . " In Mahatma Gandhi: Essays and Reflections on His Life and 

• Work, e d i t e d b y S. R a d h a k r i s h n a n . L o n d o n r A l l e n a n d U n w i n , 1 9 4 4 . 

T h i s work was or ig inal ly presented to Gan j h . on his sevent ieth b i rthday in 1939 and then re-

publ ished. E inste in was an ardent admirer of Gandhi and his n o n v i o l e n t methods. 
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"The Arabs a n d P a l e s t i n e " ( w i t h Er ich K a h l e r ) . Princeton Herald, A p r i l 1 4 a n d 28, 

• 1 9 4 4 . 

E instein v igorously stated his bel ief that a place must be made for the Arabs in Palestine. 

"To t h e Heroes o f t h e Batt le of t h e W a r s a w G h e t t o . " Bulletin of the Society of Polish 

• Jews ( N e w York) ( 1 9 4 4 ) . 

In th is two-paragraph s t a t e m e n t , E inste in famously blamed "the Germans as an ent i re peo-

ple" for the mass murders in Europe because they elected Hit ler by a h igh major i ty w h i l e being 

aware of his intent ions , as o u t l i n e d in his book and speeches. 

" R e m a r k s o n B e r t r a n d Russell's T h e o r y of K n o w l e d g e . " In The Philosophy of Bertrand 

m Russell, e d i t e d b y Paul A . S c h i l p p . L i b r a r y o f L i v i n g P h i l o s o p h e r s , vo l . 5. LaSal le , III. : 

Open C o u r t , 1 9 4 4 . 

After stat ing his a d m i r a t i o n for Russell, E inste in d iscussed the e v o l u t i o n of p h i l o s o p h i c 

t h o u g h t about the object ive world and the world of concepts and ideas. 

2 2 0 E t h i c a l Imperat ive ."Opin ion 1 4 ( M a r c h 1 9 4 4 ) : 1 0 . 

" B i v e c t o r F i e l d s I" ( w i t h V . B a r g m a n n ) . Annals of Mathematics 4 5 , ser. 2 ( 1 9 4 4 ) : ! -

1 4 . 

Va lent ine Bargmann, a m a t h e m a t i c a l phys ic ist , was one of Einstein's assistants at the Inst i -

tute for Advanced S t u d y and a ta lented pianist . His wife , S o n j a B a r g m a n n , translated the essays 

in the popular book Ideas and Opinions, for w h i c h Bargmann wrote an introduct ion for the sc ien-

tif ic part (pp. 2 1 7 - 2 2 0 ) . 

" B i v e c t o r F i e l d s l l ."Annals of Mathematics 4 5 , ser. 2 ( 1 9 4 4 ) : 1 5 - 2 3 . 



The United States drops atom 

bombs on Hiroshima and Naga 

saki, ending World War II. 

1945 Einstein continued to be concerned about the arms race 
and wrote President Roosevelt another letter in March at 
the request of Leo Szilard. He asked that the president 
speak with Szilard about his and other physicists' con-
cerns about the lack of contact between those conduct-
ing classified research and those making policy. Einstein 
did not know the exact nature of the Manhattan Project, 
but presumably he was told that it could have grave con-
sequences. Roosevelt, however, died on April 12 and nev-
er saw the letter. He also did not live to see the ending of 
German resistance that month, Hitler's suicide on April 
30, and the official German surrender on May 7. The Al-
lied offensive finally emerged victorious in Europe, and 
V-E Day (Victory over Europe) was declared on May 8. 
But Japan had not yet surrendered. 

On July 16, an atomic bomb was tested at Alamogordo 
in the New Mexico desert. Three weeks later, on August 
6, the U.S. B-52 bomber Enola Gay dropped a uranium-
235 bomb, nicknamed "Little Boy," on Hiroshima. Three 

136 
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days later the bomber Bock's Car dropped a plutonium-
239 bomb, "Fat Man," on Nagasaki. The shockwaves, fire, 
and radiation in each attack claimed more than seventy 
thousand lives instantly, and thousands more died later. 
Japan surrendered and World War II ended on August 
14, both in Europe and in the Pacific. Close to 50 million 
people had lost their lives by the end of the war, includ-
ing those who had died in Nazi concentration camps. 

The Smyth report at last disclosed that Einstein was 
the person who had warned Roosevelt about the possi-
bility of a German plan to build a bomb and that he was 
indirectly responsible for the United States'own research 
into the matter. The report, written at the end of June 
1945, summarized that a bomb had been built and that 
scientists and the military were expecting from day to 
day that the bomb would be exploded—that "a weapon 
has been developed that is potentially destructive beyond 
the wildest nightmares of the imagination." A brighter 
note, the report said, was that peaceful uses of atomic 
energy are possible as well. Most experts agree that the 
bomb would have been built by the United States even 
without Einstein's warning, simply because the technol-

Einstein in 1945 
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ogy had become available in the United States and in 
England. 

In June, fifty nations signed the United Nations char-
ter (Poland signed later), to go into effect October 24, 
and the League of Nations turned over its assets to the 
new organization. 

Einstein officially retired from the Institute of Ad-
vanced Study and became a pensioner. The institute al-
lowed him to keep his office in Fuld Hall until his death. 

At a December 10 dinner at the Astor Hotel in New 
York honoring Nobel Prize winners, Einstein voiced his 
concerns about the bomb that physicists had delivered 
to the world that year. He soberly uttered the words that 
became world-famous: "The war is won, but the peace 
is not." 

THIS Y E A R THE NOBEL PRIZE in physics was awarded to 
Austria's Wolfgang Pauli for the discovery of the exclu-
sion principle, also known as the Pauli principle. Artturi 
Vintanen of Finland received the award in chemistry for 
his research and inventions in agricultural and nutritional 
chemistry, especially for his fodder preservation method. 

" E i n s t e i n o n t h e A t o m i c Bomb." E d i t e d by R a y m o n d S w i n g . Atlantic Monthly 1 76 

• ( N o v e m b e r 1 9 4 5 ) : 4 3 - 4 5 . A r t i c l e s w i t h t h e s a m e t i t l e h a d appeared in t h e New York 

Times o n October 27 a n d O c t o b e r 29. R e p r i n t e d as " A t o m i c W a r or Peace, Part 1 ," in Ideas and 

Opinions ( 1 9 5 4 ) , 1 1 8 - 1 2 3 . See paper 2 5 1 for part 2 . 

E inste in advocated a world g o v e r n m e n t for the purpose of control l ing use of the atomic 

bomb and all a r m a m e n t s . It should be founded, he wrote, by the three great mi l i tary powers: 

the United States, Soviet U n i o n , and Great Br ita in. T h i s world g o v e r n m e n t would have power 

over all mi l i tary matters and be able to intercede in countr ies where oppression occurs, because 

a world g o v e r n m e n t is preferable to the far greater evil of wars. Later, the Russian A c a d e m y of 

Science denounced E inste in for a d v o c a t i n g such a system (see Ideas and Opinions, 1 3 4 - 1 4 0 ) . 

T h e Emergency C o m m i t t e e of A t o m i c Sc ient ists d istr ibuted a reprint of th is article in Novem-

ber 1947 and January 1 9 4 8 w i t h an appeal for f inancial support. 

"On t h e C o s m o l o g i c a l Problem."AmericanScholar 1 4 ( 1 9 4 5 ) : 1 3 7 - 1 5 6 . C o r r e c t i o n s to 

• t h e a r t i c l e are o n p. 269 o f t h e j o u r n a l . 
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A / 1 I " G e n e r a l i z a t i o n of t h e R e l a t i v i s t i c T h e o r y o f G r a v i t a t i o n . " Annals of Mathematics 46, 

t i l " ser. 2 ( 1 9 4 5 ) : 5 7 8 - 5 8 4 . 

A / I " I n f l u e n c e o f t h e E x p a n s i o n of Space o n t h e G r a v i t a t i o n F ie lds S u r r o u n d i n g I n d i -

T f a a v i d u a l S t a r s " ( w i t h E. G. S t r a u s ) . Review of Modern Physics 1 7 ( 1 9 4 5 ) : 1 2 0 - 1 2 4 ; cor-

r e c t i o n s a n d a d d i t i o n s , 1 8 ( 1 9 4 5 ) : 1 4 8 - 1 4 9 . 

Ernst Straus was Einstein's col laborator at the Inst i tute for Advanced Study. His recol lections 

of working w i t h E inste in can be found in A. P. French, ed. , Einstein: A Centenary Volume ( C a m -

bridge: Harvard U n i v e r s i t y Press, 1979) . 

0 / 1 0 T e s t i m o n i a l f r o m Prof. E i n s t e i n . " In J a c q u e s H a d a m a r d , An Essay on the Psychol-

L T \ ) > ogy of Invention in the Mathematical Mind, 1 4 2 - 1 4 3 . P r i n c e t o n , N.J . : P r i n c e t o n U n i -

v e r s i t y Press, 1 9 4 5 . P r i n c e t o n S c i e n c e L i b r a r y e d i t i o n : A p p e n d i x , in The Mathematician's Mind: 

The Psychology of Invention in the Mathematical Field. P r i n c e t o n , N.J . : P r i n c e t o n U n i v e r s i t y Press, 

1996. 

E inste in answered a q u e s t i o n n a i r e that Hadamard, a French m a t h e m a t i c i a n , had sent to 

mathemat ic ians for a survey on how their mental processes work. 

244. "On H a r n e s s i n g Solar Energy." New York Times, A u g u s t 1 4 , 1 9 4 5 . 

1946 In the postwar years, Einstein became increasingly dis-
turbed about the atomic bomb and its use. Returning 
to his prewar pacifism, he spoke out in favor of a world 
government and sometimes advocated "Gandhi's meth-
ods" to achieve it. He believed that, as long as individual 
nations maintained separate armaments, there would al-
ways be wars. He took on the chairmanship of the new-
ly formed Emergency Committee of Atomic Scientists, 
which was concerned with the peaceful uses of atomic 
energy. From now until the end of his life, he immersed 
himself in questions of peace and world government. He 
also supported the state of Israel, even though he did not 
always agree with its policies. As to his relationship with 
Germany, he would not reconcile with the country and 
wanted nothing to do with Germans except for the few 
who had been steadfast in their opposition to Hitler. 
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Einstein's sister, Maja, planned to return to Geneva af-
ter the war to rejoin her ill husband, but it was not to be. 
She suffered a stroke and remained bedridden, and the 
condition worsened over the years. Einstein faithfully 
read to his sister, who had come to resemble him greatly 
in old age, every night. 

THIS WAS A YEAR of several achievements in physics. Lev 
Landau of the Soviet Union postulated an attenuation 
of wave motion when the velocity of a wave is compara-
ble to the velocity of electrons in plasmas; he would win 
the Nobel Prize in 1962. Willard F. Libby began to de-
velop radioactive carbon-14 dating, for which he received 
the Nobel Prize in chemistry in i960. George Gamow 
suggested that the relative abundances of the elements 
had been determined by nucleosynthesis during the early 
stages of the universe's expansion. Fred Hoyle suggested 
that collapsing stars will continue to collapse until they 
become rotationally unstable and throw off the heavy el-
ements they have built up. And John von Neumann and 
colleagues defined the concept of a software program 
and showed how a computer could execute such a pro-
gram. Scientists at the University of Pennsylvania devel-
oped the ENIAC computer, containing eighteen thou-
sand vacuum tubes, which demonstrated that high-speed 
digital computing was possible with vacuum-tube tech-
nology and laid the foundation for the electronic com-
puter industry. 

The Nobel Prize in physics was awarded to Percy W. 
Bridgman of the United States for the invention of an 
apparatus to produce extremely high pressure and for 
the discoveries he made with it in high-pressure physics. 
One-half of the chemistry prize was awarded to James B. 
Sumner of the United States for his discovery that en-
zymes can be crystallized, and the other half was award-
ed jointly to John H. Northrup and Wendell M. Stanley 
of the United States for their preparation of enzymes and 

Einstein surveys the land. virus proteins in pure form. 
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A i l I " " S o c i a l O b l i g a t i o n o f t h e S c i e n t i s t . " In Treasury for the Free World, e d i t e d b y R. Rae-

fal J i b u r n . N e w Y o r k : A r c o , 1 9 4 6 . 

T h i s book or ig inated from t h e files of Free World, a publ icat ion t h a t d isseminated t h e ideas 

of internat ional leaders o n t h e urgent problems of the t i m e . W h i l e it was being prepared, the 

atomic bombs fell on Japan. In t h e book, s ixty-one wor ld - renowned figures, inc luding Charles de 

Gaulle, Fiorello La Guardia , Marshal T i t o , Jul ian Huxley, and Darryl Z a n u c k , gave their o p i n i o n s 

on the current world s i t u a t i o n . Einstein's essay is presented in t h e form of a quest ionnaire . He 

is asked (1) how sc ient ists can make their inf luence felt toward the a i m of world cooperat ion 

(through the establ i shment of an internat ional body t h a t presides over mi l i tary matters) ; (2) 

if sc ient ists should concern themselves w i t h pol it ical matters (every c i t izen should express h is 

convict ions) ; (3) i f there is a re lat ionship between the progress of physics and m a t h e m a t i c s a n d 

the progress of society (yes, because t h e y bring about new t e c h n o l o g y and because t h e y are ef-

ficient counterweights a g a i n s t a mater ia l i st ic a t t i t u d e ) ; and (4) w h a t can be done to undo the 

effects of Nazism ("the G e r m a n s can be kil led or constra ined, but t h e y cannot be reeducated to 

a democrat ic w a y of t h i n k i n g and a c t i n g w i t h i n a foreseeable period of t ime"). 

246. "To t h e J e w i s h S t u d e n t s " (An d i e j i i d i s c h e n S t u d e n t e n ) . Aufbau 1 2 , no. 1 ( 1 9 4 6 ) : 

1 6 . 

247. " G e n e r a l i z a t i o n of t h e R e l a t i v i s t i c T h e o r y o f G r a v i t a t i o n . " Annals of Mathematics 4 7 

( 1 9 4 6 ) : 7 3 1 - 7 4 1 . 

248. " E l e m e n t a r y D e r i v a t i o n of t h e E q u i v a l e n c e of Mass a n d Energy."Technion Journal 5 

( 1 9 4 6 ) : 1 6 - 1 7 . 

' l / l Q "E = mc2: T h e M o s t U r g e n t Problem of O u r T i m e . " Science Illustrated 1 ( A p r i l 1 9 4 6 ) : 

faiTVi 1 6 - 1 7 . R e p r i n t e d in Ideas and Opinions ( 1 9 5 4 ) , 337. 

An explanation of the formula for t h e equivalence of mass and energy in Einstein's o w n words 

for the general reader. 

1947 Einstein continued his intensive commitment to arms 
control and the formation of a world government. His 
son Hans Albert was appointed professor of engineering 
at the University of California at Berkeley. 

The British proposal to divide Palestine was rejected 
by both Arabs and Jews, so the question was turned over 
to the United Nations, which announced a plan for par-
tition. 
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Legendary pilot Chuck Yeager 

breaks the sound barrier in the 

Bell X - i . 

1 I G H T E R ACE and test pilot Chuck Yeager achieved the 
first supersonic speeds in the rocket-powered Bell-Xi. 
Meanwhile, John Bardeen, Walter Brattain, and Wil-
liam Shockley invented the point-contact transistor at 
Bell Labs in New Jersey. Britain's Cecil Powell and his 
collaborators discovered the pion, predicted by Hideki 
Yukawa in 1935 as the mediator of a short-range nuclear 
force, opening the door to modern particle physics. Close 
on the heels of this discovery, a series of cosmic-ray ex-
periments by George Rochester and Clifford Butler in-
dicated that a new type of unstable, neutral elementary 
particle existed, the V-particle, now known as the K me-
son; their discovery can be seen as the first step toward 
understanding the quark nature of matter. Finally, "fly-
ing saucers" were reported to have crashed near Roswell, 
New Mexico. 

The Nobel Prize in physics was awarded to Sir Ed-
ward V. Appleton of England for his investigations of 
the physics of the upper atmosphere, especially for his 
discovery of the so-called Appleton layer. The chemis-
try prize was also awarded to an Englishman, Sir Robert 
Robinson, for his investigations on plant products of bio-
logical importance, especially alkaloids. 

250, " T h e M i l i t a r y M e n t a l i t y . " American Scholar 1 6 ( 1 9 4 7 ) : 3 5 3 - 3 5 4 . R e p r i n t e d i n Ideas 

and Opinions ( 1 9 5 4 ) , 1 3 2 - 1 3 4 . 

E i n s t e i n a c c u s e d A m e r i c a o f p l a c i n g t h e i m p o r t a n c e o f n a k e d power a b o v e all other factors 

"The Scroll of the Rule," one of 

the better-preserved Dead Sea 

Scrolls 
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that affect relations a m o n g nat ions , result ing in a m i l i t a r y m e n t a l i t y in government. He warned 

that Germany's s imi lar a t t i t u d e beginn ing w i t h Bismarck and Kaiser W i l h e l m II resulted in Ger-

many's decl ine in less t h a n a hundred years. Now, the m i l i t a r y m e n t a l i t y is even more dangerous 

because of the more powerful weapons. 

O C 1 " A t o m i c W a r or Peace." As t o l d t o R a y m o n d S w i n g . Atlantic Monthly 1 8 0 ( N o v e m -

£ % J - L i ber 1 9 4 7 ) : 2 9 - 3 3 . R e p r i n t e d as " A t o m i c W a r or Peace, Part 2," in Ideas and Opinions 

( 1 9 5 4 ) , 1 2 3 - 1 3 1 . See paper 2 3 9 a b o v e for part 1 . 

T h e Emergency C o m m i t t e e of A t o m i c Sc ient ists d istr ibuted a reprint of this article separately 

w i t h a plea for f inancial support. Here E instein spoke in favor of o u t l a w i n g the atomic bomb and 

again advocated a world g o v e r n m e n t for the purpose of avert ing wars. 

252. [Response t o t h e e d i t o r o n W a l t e r White's a r t i c l e , " W h y I R e m a i n a Negro."] Satur-

day Review of Literature 3 0 ( N o v e m b e r 1 , 1 9 4 7 ) : 2 1 . 

253. [Open letter t o t h e U n i t e d N a t i o n s General A s s e m b l y on h o w to "break t h e v i c i o u s 

circle."] United Nations World 1 (October 1 9 4 7 ) : 1 3 - 1 4 . 

fl "The Problem of S p a c e , E t h e r a n d t h e Field in Phys ics ." In Alan and the Universe, ed. 

1 • Saxe C o m m i n s a n d R. N. L i n s c o t t . Vol . 4 o f T h e G r e a t T h i n k e r s ser ies. N e w Y o r k : 

R a n d o m House, 1 9 4 7 . O r i g i n a l l y in E inste in's The World as I See It ( 1 9 3 4 ) , pp. 8 2 - 1 0 0 , a n d re-

p r i n t e d in Ideas and Opinions ( 1 9 5 4 ) , 2 7 6 - 2 8 5 . 

E inste in discussed sc ient i f ic concepts as they have h istor ica l ly related to space, g i v i n g m a t h -

ematical examples. 

1948 After many years of illness and hardship, Einstein's first 
wife, Mileva, died at the age of seventy-two in Zurich. 
This left Eduard, who was often confined to a mental in-
stitution because of his battle with schizophrenia, with-
out the attention and love his mother had provided over 
the years. Family friends visited him, but he never heard 
from his father directly. 

Einstein's severe stomach problems were continuing to 
aggravate him. When he was hospitalized at the end of 
the year with severe pains, his doctor discovered that he 
had a large aneurysm of the abdominal aorta, an abnor-
mal dilation the size of a grapefruit. Surgery was not in-
dicated, however. 
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E i n s t e i n , looking older and 

troubled 

In January in India, when the peace-loving and serene 
seventy-nine-year-old Mahatma Gandhi, one of Ein-
stein's great heroes, was on his way to evening prayer, he 
was assassinated by a Hindu extremist who considered 
him a dangerous apostle of nonviolence and of unity be-
tween Hindus and Muslims. 

In the Near East, the state of Israel was finally estab-
lished, with Chaim Weizmann as president and David 
Ben-Gurion as premier. In the United States, the Mar-
shall Plan was instituted to aid European economic re-
covery. 

ON JUNE 21, the modern stored-program computer was 
born when the University of Manchester's Small-Scale 
Experimental Machine, nicknamed "Baby," successfully 
executed its first program. It was the first computer to 
store a changeable user program in electronic memory 
and process it at electronic speed. 

Sin-itiro Tomonaga, Victor Weisskopf, Julian Schwing-
er, and Richard Feynman independently invented dif-
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ferent methods of making the renormalization calcu-
lations of quantum electrodynamics ( Q E D ) precise. 
Maria Goeppert-Mayer and, independently, Hans Jen-
sen proposed the shell structure of the nucleus, in which 
nucleons are assumed to occupy shells analogous to elec-
tron shells. T h e long-playing (LP) record was invented, 
and the 200-inch refracting telescope was dedicated at 
M o u n t Palomar, north of San Diego, even though it did 
not become fully operational until 1949. Holography was 
invented when Dennis Gabor proposed a way of display-
ing a three-dimensional image of an ob ject by splitting a 
light beam. 

T h e Nobel Prize in physics was awarded to Britain's 
L o r d Patrick M . S. Blackett for his development of the 
Wilson cloud chamber method and for the discoveries 
he made with it in the fields of nuclear physics and cos-
mic radiation. Arne W . K. Tiselius of Sweden received 
the chemistry prize for his research on electrophoresis 
and adsorption analysis, especially for his discoveries 
concerning the complex nature of the serum proteins. 

flrr [ L e t t e r o n u n i v e r s a l m i l i t a r y t r a i n i n g a d d r e s s e d t o t h e c h a i r m a n o f t h e S e n a t e 

i a V V i c o m m i t t e e . ] U . S . C o n g r e s s , S e n a t e , C o m m i t t e e o n A r m e d S e r v i c e s , H e a r i n g s o n 

U n i v e r s a l M i l i t a r y T r a i n i n g , p. 2 5 7 . Read M a r c h 2 4 , 1 9 4 8 . 

" R e l i g i o n a n d S c i e n c e : I r r e c o n c i l a b l e ? " Chr ist ian Register 1 2 7 ( J u n e 1 9 4 8 ) : 1 9 - 2 0 . 

V > R e p r i n t e d i n Ideas and Opinions ( 1 9 5 4 ) . 

In t h i s response t o a g r e e t i n g s e n t by t h e Liberal M i n i s t e r s ' C l u b o f N e w York C i t y , E i n s t e i n re-

pl ied t h a t t h e a n s w e r to t h e q u e s t i o n is c o m p l i c a t e d b e c a u s e , t h o u g h people can agree o n w h a t 

s c i e n c e is, t h e y o f t e n d i f f e r on a d e f i n i t i o n o f r e l i g i o n . T h e m y t h i c a l aspect of r e l i g i o n — w h i c h 

is o n l y o n e aspect of i t — i s t h e part t h a t is m o s t l i k e l y to c a u s e c o n f l i c t , a n d m y t h s are n o t nec-

essary for t h e p u r s u i t o f r e l i g i o u s a i m s . 

" • I C 7 R e c e i v ' n g t h e O n e W o r l d A w a r d . " A n a d d r e s s g i v e n a t C a r n e g i e H a l l , A p r i l 27, 

a j l • 1 9 4 8 . R e p r i n t e d i n Ideas and Opinions ( 1 9 5 4 ) , 1 4 6 - 1 4 7 . 

E i n s t e i n , d i s t r a u g h t a t t h e c o n s e q u e n c e s o f t h e war a n d t h e specter of c o n t i n u o u s r e a r m a -

m e n t , proposed t h a t t h e r e is o n l y o n e path to peace a n d s e c u r i t y : a s u p r a n a t i o n a l o r g a n i z a -

t i o n . 
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O J I Q " L o o k i n g Ahead."Rotar ian, J u n e 1 9 4 8 , 8 - 1 0 . 

L v U i Th is article inc ludes a repr int ing of two articles in the Bulletin of Atomic Scientists on 

internat ional understanding (4 [1948]: 1) and a reply to Sov iet sc ient ists (4 [1948]: 3 5 - 3 7 ) and 

statements on world g o v e r n m e n t . 

259. " Q u a n t u m M e c h a n i c s a n d R e a l i t y " ( Q u a n t e n m e c h a n i k und W i r k l i c h k e i t ) . Dialectica 

2 ( 1 9 4 8 ) : 3 2 0 - 3 2 4 . 

260. " G e n e r a l i z e d T h e o r y of G r a v i t a t i o n . " Reviews of Modern Physics 2 0 ( 1 9 4 8 ) : 3 5 - 3 9 . 

See paper 2 7 0 for a s i m i l a r a r t i c l e . 

" A t o m i c S c i e n c e R e a d i n g List." In '48: Magazine of the Year ( J a n u a r y ) , 6 0 - 6 1 . 

faUla S t a t i n g that " it is not enough to know all about isotopes and pitchblende and pluto-

n i u m " t o understand a t o m i c energy and its capabi l i t ies, E i n s t e i n selected and described six pe-

r iodicals and books that cover sc ient i f ic and historical sources as well as the "problems of peace, 

security, and the c o n t i n u e d life of man w i t h man."These are the Bulletin of the Atomic Scientists, a 

m o n t h l y publ icat ion, w h i c h he said was the most valuable s ingle source of up-to-date informa-

t ion on atomic energy; Sel ig Hecht's Explaining the^tom (1947) , an a c c o u n t of the scientif ic steps 

t h a t led to our present knowledge on nuclear f ission; John Hersey's Hiroshima (1946), a novel 

descr ibing the effect of the a t o m i c bomb on everyday people; Cord Meyer Jr.'s Peace or Anarchy 

(1947), a review of the complex problems connected w i t h peace a n d secur i ty ; Emery Reves's The 

Anatomy of Peace ( 1945) , w h i c h discusses the issues of peace and the need for a world govern-

ment to secure it ; and Raymond Swing's In the Name of Sanity, w h i c h conta ins discussions of the 

events that fol lowed the news that a t o m i c energy had been discovered and is based on a series 

of broadcasts 

1949 Early this year, after Einstein was discharged from a 
month's stay in the hospital, he spent a few weeks conva-
lescing in Florida with his old friend, Dr. Walter Bucky, 
whom he had visited many times at his residence on Sev-
enty-sixth Street in New York. He also took time to fin-
ish writing his "Autobiographical Notes" for inclusion in 
a volume edited by Paul Schilpp (see paper 264 below). 

During the year of Einstein's seventieth birthday, 
three hundred scientists assembled in Princeton to pay 
tribute to him and hold a symposium on his contribu-
tions. When Einstein entered the auditorium, a respect-



Selected Published Papers and Commentary, 1951-52 147 

Einstein turns seventy and the 

Institute for Advanced Study 

holds a celebration. 

ful silence filled the hall, followed by an impassioned 
standing ovation. 

Einstein continued to refuse the efforts of the Ger-
mans to reconcile with him by declining a foreign mem-
bership in the Max Planck Institute and the honorary 
citizenship of Ulm, the city of his birth. He would do the 
same in the case ofWest Berlin in 1952 and with the Ger-
man section of the International Organization of Oppo-
nents of Military Service in 1953. 

The United Nations admitted Israel into its ranks, and 
the new nation moved its capital from Tel Aviv to Jerusa-
lem. Meanwhile, the USSR tested its first atomic bomb. 
In the United States, the cornerstone for the permanent 
headquarters of the United Nations was laid in New York 
City for the structure that would be completed in 1952. 

THE 2OO-INCH-MIRROR Hale telescope at Mount Palo-
mar, in San Diego County in California, dedicated the 
previous year, was put into operation. Edwin Hubble 
took the first photographic exposure in January, and in 
October the telescope was made available to astronomers 
from Caltech and the Carnegie Institution of Washing-
ton, D.C. 

Freeman Dyson, in several articles, unified Richard 
Feynman's and Julian Schwinger's radiation theories. 
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Mount Wilson Observatory 

Kurt Godel reported his discovery of solutions for the 
field equations of general relativity that described "ro-
tating universes" in which it is possible to travel into the 
past. Godel, a famous logician and eccentric who had es-
caped the Nazis and came to the Institute for Advanced 
Study in 1939, became Einstein's collaborator and good 
friend. He was best known for his incompleteness theo-
rem of 1931, which implied that all complex logical sys-
tems are, by definition, incomplete; at any one time, each 
system contains more true statements than it can prove 
according to its own defining set of rules. They also lead 
to statements such as "this theorem is not a theorem." 
Over the years, Einstein and Godel could be seen walk-
ing together along the streets of Princeton, Einstein hap-
pily smoking his pipe and the slight, bespectacled Godel 
solemnly staring down at the ground, both deep in con-
versation. In his later years, Godel apparently suffered 
from what is today known as obsessive-compulsive dis-
order, being paranoid about the spread of germs, compul-
sively cleaning his silverware before eating, and wearing 
a ski mask wherever he went. He suffered two nervous 
breakdowns, and, in the end, he refused to eat and died at 
age seventy-two in Princeton. 

The Nobel Prize in physics was awarded to Hideki 
Yukawa of Japan for his prediction of the existence of 
mesons based on his theoretical work on nuclear forces. 
The chemistry prize was awarded to William F. Giauque 
of the United States for his contributions in the field of 
chemical thermodynamics, particularly concerning the 
behavior of substances at extremely low temperatures. 

Q I J O " W h y S o c i a l i s m ? " Monthly Review: An Independent Socialist Magazine 1 , no. 1 ( M a y 

£ V L i 1 9 4 9 ) : 9 - 1 5 . R e p r i n t e d in Ideas and Opinions ( 1 9 5 4 ) , 1 5 1 - 1 5 8 . 

In this essay, E inste in expressed the v i e w that the "economic a n a r c h y " o f capita l ist society is 

a source of evil because i n d i v i d u a l s depend on society ( w h i c h he called "a fact of nature") and 

that indiv iduals are crippled ( i . e . , t h e y can lose their jobs) by the profit mot ive and the compe-

t i t i o n of capital ists . He advocated the establ ishment of a socia l ist economy, where the means of 

production are owned by soc iety in a planned way. 
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263. " I n t h e S h a d o w o f t h e A t o m i c B o m b . " S o u t h e r n Patriot 7, n o . 3 ( M a y 1 9 4 9 ) . 

" A u t o b i o g r a p h i c a l N o t e s " a n d " R e m a r k s t o t h e E s s a y s A p p e a r i n g i n T h i s V o l u m e . " 

£ V 1 • In Albert Einstein: Philosopher-Scientist, e d i t e d b y P a u l A . S c h i l p p , pp. 3 - 9 4 ( i n G e r -

m a n a n d E n g l i s h ) a n d 6 6 5 - 6 8 8 . L i b r a r y o f L i v i n g P h i l o s o p h e r s , v o l . 7. La S a l l e , I I I . : O p e n 

C o u r t , 1 9 4 9 . 

E i n s t e i n referred to t h e s e n o t e s , w h i c h he w r o t e in 1 9 4 6 a n d w h i c h are e s s e n t i a l l y a s h o r t 

s c i e n t i f i c b i o g r a p h y , as h i s "obituary ." 

265. " F o r e w o r d . " In The Hebrew University of Jerusalem, 1 9 2 5 - 1 9 5 0 . J e r u s a l e m : G o l d b e r g ' s 

Press. 

O / J / J " O n t h e M o t i o n o f P a r t i c l e s i n G e n e r a l R e l a t i v i t y T h e o r y " ( w i t h L e o p o l d I n f e l d ) . 

fawUi Canadian Journal of Mathematics 3 ( 1 9 4 9 ) : 2 0 9 - 2 1 4 . 

T h e a u t h o r s s h o w t h a t t h e field e q u a t i o n s a lone suff ice as a bas is for genera l r e l a t i v i t y t h e o r y . 

1950 Einstein, becoming ever more cognizant of his ill health 
and age, signed and sealed his last will, naming his friend 
Otto Nathan as executor and, along with Helen Dukas, 
trustee of his literary estate. He stipulated that his papers 
be donated to the Hebrew University of Jerusalem after 
the death of Nathan and Dukas, though arrangements 
were made later for an earlier transfer. He willed his vio-
lin to his grandson, Bernhard. His monetary assets would 
go to Helen Dukas; his sons, Hans Albert and Eduard; 
and his stepdaughter, Margot. 

In February, President Truman announced that the 
United States had successfully built a hydrogen bomb—a 
bomb even more powerful than the atomic bomb. Hun-
garian-born physicist Edward Teller was dubbed its 
"father." Upon hearing the news, Einstein decided to 
speak in a nationwide television broadcast. He warned 
that if the bomb were ever used, the planet would be poi-
soned by radioactivity and all life would be annihilated. 

In the United States, Senator Joseph McCarthy be-
gan his Communist witch-hunting by claiming that the 
State Department was infiltrated with Communists and 
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Einstein and J. Robert Oppen-

heimer 

Communist sympathizers, though none were found. 
Over the next four years, he continued to look for and 
demand names of people from a variety of occupations 
and backgrounds, particularly entertainers and intellec-
tuals, who he believed were somehow affiliated with the 
Communist Party. These people were required to testify 
in Congress and defend themselves at meetings of the 
House Un-American Activities Committee (HUAC). 
Einstein advised many of them not to cooperate, as he 
viewed this process to be a violation of their civil rights. 

FRED HOYLE COINED the term big bang for the new the-
ory about the creation of the cosmos. Even though he 
popularized the theory by giving it a name, he challenged 
the belief that the cosmos began with a primal fireball 12 
million years ago. John Nash, who has become a popular 
icon since the book and film A Beautiful Mind appeared, 
introduced the concept of "noncooperative games" in 
game theory. 

Germany had won the greatest number of Nobel Prizes 
by this time, with the United States in second place. This 
year the Nobel Prize in physics went to an Englishman, 
Cecil Powell, for his development of the photographic 
method of studying nuclear processes and for his work 
on the detection of the elementary particles known as 
mesons. The chemistry prize went to two Germans, Otto 
Diels and Kurt Adler, for their discovery and develop-
ment of diene synthesis. 
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267. "On t h e Mora l O b l i g a t i o n o f t h e S c i e n t i s t . " Impact l ( 1 9 5 0 ) : 1 0 4 - 1 0 5 . 

i ) £ Q " P h y s i c s , P h i l o s o p h y , a n d S c i e n t i f i c P r o g r e s s / ' T a p e - r e c o r d e d address to a c o n v e n -

faUOi t i o n o f t h e I n t e r n a t i o n a l Col lege o f S u r g e o n s . A l s o i n Journal of the International Col-

lege of Surgeons 1 4 ( 1 9 5 0 ) : 7 5 5 - 7 5 8 . 

O C O A n Open Letter t o t h e S o c i e t y for S o c i a l R e s p o n s i b i l i t y in S c i e n c e . Science 1 1 2 

faVVi ( 1 9 5 0 ) : 7 6 0 - 7 6 1 . R e p r i n t e d in Ideas and Opinions ( 1 9 5 4 ) as "The S t a t e a n d t h e I n d i -

v i d u a l C o n s c i e n c e , " 2 6 - 2 7 . 

In th is letter of December 2 2 , 1 9 5 0 , E inste in praised the f o r m a t i o n of the society and r e m i n d -

ed the members t h a t " i n s t i t u t i o n s are in a moral sense i m p o t e n t unless they are supported by 

the sense of responsib i l i ty of l iv ing ind iv iduals ."The Nuremberg tr ials had made it se l f -ev ident 

that ind iv idual responsib i l i ty c a n n o t be expunged. 

O ^ A " O n t h e G e n e r a l i z e d T h e o r y o f G r a v i t a t i o n . " Scientific American 1 8 2 , no. 4 ( A p r i l 

£ I V a 1 9 5 0 ) : 1 3 - 1 7 . R e p r i n t e d in Ideas and Opinions ( 1 9 5 4 ) . 

At the request of the editors of the magazine, E inste in discussed his mathemat ica l invest iga -

t ions into the f o u n d a t i o n s of field physics. 

271. " T h e B i a n c h i I d e n t i t i e s in t h e G e n e r a l i z e d T h e o r y of G r a v i t a t i o n . " Canadian Journal 

of Mathematics 4 ( 1 9 5 0 ) : 1 2 0 - 1 2 8 . 

2 7 2 " F o r e w o r d . " In P h i l i p p F r a n k , Relativity: A Richer Truth. L o n d o n : J o n a t h a n C a p e , 

In the foreword to t h i s small book on the ethical i m p l i c a t i o n s of relat iv ity, E inste in wrote 

t h a t it may seem t h a t logical t h i n k i n g is not relevant for eth ics but that , indeed, "ethical direc-

t ives can be made rat ional and coherent by logical t h i n k i n g and empir ica l knowledge." Eth ica l 

axioms, l ike the axioms of sc ience, are founded and t h e n tested; if they fit society or an i n d i -

v idual , they are accepted. 

O ^ O " M e s s a g e t o t h e I t a l i a n S o c i e t y for t h e A d v a n c e m e n t o f S c i e n c e . " S e n t t o t h e 

£ I W i group's f o r t y - s e c o n d m e e t i n g in Lucca, Ita ly. P u b l i s h e d in E n g l i s h in t h e U N E S C O 

j o u r n a l Impact, Fal l 1 9 5 0 . 

In th is address, E inste in wrote about the search for t r u t h and understanding, s a y i n g t h a t 

such inquiry attempts to encompass the complex experiences of h u m a n k i n d whi le looking for 

s i m p l i c i t y and e c o n o m y in basic assumpt ions. T h e man of sc ience has suffered a tragic fate be-

cause, whi le seeking to str ive for t ruth and u n d e r s t a n d i n g , he has also developed destruct ive 

and enslaving tools. 



Senator Joseph McCarthy's "Red 

Scare" ruins the lives of many 

academics, artists, polit icians, 

and labor leaders. 

1951 
1952 

After her long confinement to bed, Maja died in Prince-
ton in 1951. Einstein missed her enormously. Her hus-
band, Paul, died the following year in Geneva. 

In a letter to Queen Elisabeth of Belgium, Einstein 
mentioned that he was still working on a unified field 
theory and that he would continue to do so until he took 
his last breath. In his unified field theory, Einstein at-
tempted to express gravitational theory and electromag-
netic theory within a single unified framework, to show 
that the two forces are based on one grand underlying 
principle. He had trouble accepting two distinct forces 
in nature—and this was even before the discovery of two 
additional forces: the strong and weak nuclear interac-
tions. Today, physicists are searching for an even loftier 
theory: aTheory of Everything (TOE), which they hope 
will unify all forces and all matter. At the moment, string 
theory appears to be the tool of choice. For a popular ex-
position of this research, see Brian Greene's The Elegant 
Universe (2001). 

152 
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After Israel's first president, Chaim Weizmann, died 
in 1952, Einstein was offered the presidency of the new 
nation. He declined, saying that he was deeply honored 
by the gesture but not suited to the job. Israeli leaders, 
knowing that Einstein's skills lay elsewhere, were relieved 
that he turned down the offer. Prime Minister David 
Ben-Gurion pleaded with Yitzak Navon, who in 1978 
became president of Israel himself: "Tell me what to do 
if he says yes. I had to offer the post to him because it is 
impossible not to. But if he accepts, we're in for trouble." 
Though he was not a Zionist, Einstein supported Israel 
while lamenting the fact that the nation was established 
through violence. He was also concerned about the pros-
pect for the long-term peaceful coexistence between Jews 
and Arabs. 

Israel and Germany agreed on reparations for damages 
inflicted by the Nazis on European Jews. 

IN 1951, Rosalind Franklin discovered the nucleic acids 
RNA and DNA and elucidated the basic helical structure 
of the DNA molecule. Though she was the first to make 
these discoveries, her data were given to and used by oth-
ers, and the Nobel Prize for the discovery was awarded 

Einstein w i t h Kurt Godel in 

Princeton 
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Bohr and Wolfgang Pauli play 

with a new toy, the "tippie 

top." 

to three scientists in 1962 for the ultimately correct and 
detailed description of DNA's structure, four years after 
her death in 1958 of ovarian cancer. Nobel Prizes are not 
awarded posthumously. 

As in 1919, another total eclipse of the Sun took place 
in February 1952, visible from Europe, enabling astron-
omers again to confirm the effect of gravity on light as 
predicted by relativity theory. On November 18,1952, the 
United States tested its first hydrogen bomb on Enewe-
tok Atoll in the Marshall Islands in the Pacific Ocean. 

The Nobel Prize in physics for 1951 was won jointly by 
Sir John Cockcroft of England and Ernest T. S. Walton 
of Ireland for their pioneering work on the transmuta-
tion of atomic nuclei by artificially accelerated atomic 
particles. The chemistry prize went to Americans Edwin 
McMillan and Glenn Seaborg for their discoveries in the 
chemistry of transuranium elements. 

The 'Nobel Prize in physics for 1952 was awarded joint-
ly to Americans Felix Bloch and Edward Purcell for 
their development of new methods for nuclear magnetic 
precision measurements and discoveries in connection 
therewith. The chemistry prize was awarded jointly to 
Britain's Archer J. P. Martin and Richard Laurence for 
their invention of partition chromatography. 
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t y j l i " F o r e w o r d . " In D a g o b e r t D. Runes, e d . , Spinoza: Dictionary. N e w York: P h i l o s o p h i c a l 

£ I i • L ibrary, 1 9 5 1 . 

E instein praised t h i s d i c t i o n a r y of Spinoza's terminology, g i v e n in Spinoza's own words, as 

a reliable guide to Spinoza's works, w h i c h are otherwise often diff icult to understand. Baruch 

Spinoza, a s e v e n t e e n t h - c e n t u r y J e w i s h t h e o l o g i a n a n d ph i losopher l i v i n g in H o l l a n d , had 

greatly inf luenced Einstein's rel igious t h i n k i n g . Spinoza dealt negat ively w i t h orthodox Jewry, 

preaching that the laws of t h e Torah were obsolete, for w h i c h he was e x c o m m u n i c a t e d from 

the orthodox ranks. 

275. "The A d v e n t o f t h e Q u a n t u m Theory."Science 1 1 3 ( 1 9 5 1 ) : 8 2 - 8 4 . 

O ^ C " I n t r o d u c t i o n . " In Carola B a u m g a r d t , Johannes Kepler: Life and Letters. N e w Y o r k : 

. L I P h i l o s o p h i c a l L ibrary , 1 9 5 1 . 

In this col lect ion of annotated letters from Kepler to his contemporar ies , i n c l u d i n g Gal i leo, 

E instein wrote an i n t r o d u c t i o n t rac ing Kepler's d e t e r m i n a t i o n of the movement of Earth in 

planetary space. Because Earth " itself can be used at a n y t i m e as a t r iangulat ion point , Kepler 

was also able to d e t e r m i n e by observat ion the true m o v e m e n t s of the other planets."The letters 

show that Kepler completed his work under c o n d i t i o n s of great personal hardship. 

" F o r e w o r d . " In H o m e r S m i t h , Alan and His Cods. B o s t o n : L i t t le , B r o w n , 1 9 5 2 . 

tafia In th is h i s t o r y of rel igious and phi losophical t h i n k i n g , or a person's "place in nature 

and the universe," by a p r o m i n e n t biologist, E inste in praised Smith's o b j e c t i v i t y in present ing 

his subject, s a y i n g t h a t such o b j e c t i v i t y is rarely found in a "pure h i s t o r i a n . " S m i t h does not ne-

glect to recount the suffer ing t h a t "man's m y t h i c t h o u g h t " has often w r o u g h t on h u m a n k i n d . 

"Those W h o Read O n l y N e w s p a p e r s See T h i n g s L ike a N e a r s i g h t e d Person w i t h -

• o u t Glasses" (Wer n u r Z e i t u n g e n l iest , s i e h t d i e D i n g e w i e e i n K u r z s i c h t i g e r o h n e 

A u g e n g l a s e r ) . DerJungkaufmann ( Z u r i c h ) 27, no. 4 ( 1 9 5 2 ) : 7 3 . See E instein's Ideas and Opinions 

( 1 9 5 4 ) , 6 4 - 6 5 , for an E n g l i s h t r a n s l a t i o n . 

In this letter, E inste in stated his belief t h a t i t is i m p o r t a n t for y o u n g people to read the clas-

sics. Because there are o n l y a few exceptional people of letters in a n y g iven century, their work 

becomes "the most precious possession of mankind." 

" S y m p t o m s of C u l t u r a l Decay." Bulletin ofAtomic Scientists 8, no. 7 (October 1 9 5 2 ) . 

• R e p r i n t e d in Ideas and Opinions ( 1 9 5 4 ) , 1 6 6 - 1 6 7 . 

According to E i n s t e i n , pol it ic ians should neither control the sciences nor impede free sc ient if -

ic exchange w i t h other countr ies. Pol it ic ians are now so distrustful , he wrote, that even in peace-

t ime they are determined to organize our lives and work as if we are preparing to w i n a war. 



This year was not eventful in Einstein's personal life. He 
became less physically active as his health deteriorated, 
and he was seldom seen walking the streets of down-
town Princeton, eating ice cream cones, petting dogs, and 
chatting with neighbors. 

IN T H E H I M A L A Y A S , New Zealander Edmund Hillary 
and Nepalese mountain guide Tenzing Norgay be-
came the first people to reach the 29,028-foot summit 
of Mount Everest, a testament to human endurance and 
cooperation. In the sciences, Russia's Andrei Sakharov 
invented a fusion and fission detonator, the basis for the 
first thermonuclear bomb built by the Soviet Union. His 
work on this superbomb was independent of the work of 
America's Edward Teller and Stanislaw Ulam. Murray 
Gell-Mann and, independently, Kazuhiko Nishijima in-
troduced the concept of "strangeness," a quantum prop-
erty that accounted for previously puzzling decay pat-
terns in some mesons. In 1961 Gell-Mann would develop 
the eightfold-way theory, and in 1969 he would receive 
the Nobel Prize in physics. 

The Nobel Prize in physics was awarded to Fritz 

James Watson and Francis Crick 

discover the structure of DNA. 
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1953 
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Fenzing Norgay and E d m u n d 

Hi l lary conquer Mount Everest. 

Zernike of the Netherlands for his demonstration of the 
phase contrast method, especially for his invention of the 
phase contrast microscope. The chemistry prize went to 
Germany's Hermann Staudinger for his discoveries in 
the field of macromolecular chemistry. 

280. "To t h e J e w i s h P e a c e F e l l o w s h i p . " D a t e d S e p t e m b e r 2 1 , 1 9 5 3 . Tidings 8, n o . 1 ( 1 9 5 3 ) : 

3. A l s o i n Tidings 9 , n o . 2 ( 1 9 5 5 ) : 5 . 

O Q 1 " A C o m m e n t o n a C r i t i c i s m o f a R e c e n t U n i f i e d F i e l d T h e o r y . " Physical Review 8 9 

• O J L a ( 1 9 5 3 ) : 3 2 1 . 

T h i s w a s E inste in's f inal paper on t h e un i f ied f ield t h e o r y . He w a s c e r t a i n a b o u t t h e m a t h e -

m a t i c a l c o n c e p t s but u n c e r t a i n a b o u t t h e p h y s i c a l a s p e c t s . 

0 0 0 " E l e m e n t a r y R e f l e c t i o n s o n t h e I n t e r p r e t a t i o n o f t h e F o u n d a t i o n s o f Q u a n t u m 

M e c h a n i c s " ( E l e m e n t a r e U b e r l e g u n g e n z u r I n t e r p r e t a t i o n d e r C r u n d l a g e d e r 

Q u a n t e n m e c h a n i k ) . In Scientific Papers Presented to Max Born. E d i n b u r g h : O l i v e r a n d B o y d , 

1953-

0 0 0 " P r e f a c e . " l n G a l i l e o G a l i l e i , Dialogue Concerning the Two Chief World Systems: Ptolemaic 

: O J i and Copernican. T r a n s l a t e d b y S t i l l m a n D r a k e . B e r k e l e y a n d Los A n g e l e s : U n i v e r s i t y 

o f C a l i f o r n i a Press , 1 9 5 3 . 

O Q / I " L e t t e r >n R e p l y t o W i l l i a m F r a u e n g l a s s . " Bul let in of the Atomic Scientists 9 ( 1 9 5 3 ) : 

- 0 1 • 2 3 0 . R e p r i n t e d i n Ideas and Opinions ( 1 9 5 4 ) , 3 3 - 3 4 . 

In t h i s letter of M a y 1 6 , 1 9 5 3 , E i n s t e i n e n c o u r a g e d B r o o k l y n t e a c h e r W i l l i a m F r a u e n g l a s s to 

refuse to s u b m i t to q u e s t i o n i n g by t h e U . S . Senate's Interna l S e c u r i t y S u b c o m m i t t e e . All in-

te l lectuals should refuse t o t e s t i f y , not on t h e basis o f t h e F i f t h A m e n d m e n t but because it is 
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s h a m e f u l for a n i n n o c e n t c i t i z e n t o have to s u b m i t t o s u c h an i n q u i s i t i o n , a v i o l a t i o n o f t h e 

s p i r i t o f t h e C o n s t i t u t i o n . 

O O P " M e s s a g e t o t h e 2 4 t h A n n u a l C o n f e r e n c e o f t h e W a r Res ister 's L e a g u e , " N e w Y o r k , 

k O J l A u g u s t 1 0 , 1 9 5 3 . 

1954 
McCarthy ism gets out of 

hand, and Senator McCarthy is 

off ic ial ly censured by the U.S. 

Senate. 

Einstein, though he developed hemolytic anemia, worked 
on his last scientific paper with collaborator Bruria 
Kaufmann, publishing it the following year (paper 293). 

At the height of McCarthy's House Un-American 
Activities Committee (HUAC) hearings and the Op-
penheimer case, the U.S. government alleged that former 
Los Alamos director J. Robert Oppenheimer had Com-
munist sympathies and therefore withdrew his security 
clearance, ending his influence on scientific policy. Ein-
stein supported Oppenheimer and continued to encour-
age others to refuse to testify in front of the investigating 
committees, becoming a hero of the left and liberals and 
an antihero of the right, which wanted him stripped of 
his citizenship and deported. The specter of intellectuals 
being persecuted and civil liberties and freedom of ex-
pression being denied was painful for the aging scientist, 
who was all too familiar with this situation. 

The witch-hunting by Senator Joseph McCarthy con-
tinued in televised hearings. McCarthy now wanted to 
prove Communists had infiltrated the U.S. Army. The 
attorney for the army famously asked him, "Have you no 
shame?" McCarthy was finally censured and condemned 
by a Senate resolution for his insults to the Senate. Since 
then, McCarthyism has become synonymous with un-
founded political accusations and witch-hunting with 
unsupported evidence. 

THE UNITED S T A T E S tested another hydrogen bomb, now 
on Bikini Atoll in the Marshall Islands, vaporizing three 
of the islands. Oppenheimer—and Einstein—had op-
posed this project. Americans and Europeans—not to 
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mention the Pacific Islanders—expressed concern about 
radioactive fallout from nuclear testing. 

In the sciences, Jonas Salk of the United States devel-
oped a vaccine against polio. After mass immunizations 
the following year, the incidence of polio began to de-
cline dramatically. 

Important discoveries were made in physics: Frank 
Yang and Richard Mills discovered non-Abelian gauge 
theory, which initiated a new way of thinking in particle 
physics; Robert Hofstadter began his pioneering stud-
ies of electron scattering in atomic nuclei, enabling re-
searchers to find the size and surface-thickness param-
eters of nuclei (he would win the Nobel Prize in physics 
in 1961); and Charles Townes and collaborators demon-
strated the maser principle, leading six years later to the 
first laser (Townes would be awarded the Nobel Prize in 
physics in 1964). Meanwhile, mathematician John von 
Neumann at the Institute for Advanced Study was de-
veloping a theory of artificial automata, which process 
information and act according to internal rules and in-
structions, just like their natural counterparts. 

The Nobel Prize in physics was divided between Ger-
many's Walther Bothe, for the coincidence method and 
his discoveries made therewith, and Einstein's old friend 
Max Born, now living in Scotland, for his fundamental 
research in quantum mechanics, especially for his sta-

Einstein makes a point . 
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tistical interpretation of wave function. The chemistry 
prize went to Linus Pauling of the United States for his 
research into the nature of the chemical bond and its ap-
plication to elucidation of the structure of complex sub-
stances. 

2S6. Ideas and Opinions. T r a n s l a t e d by S o n j a B a r g m a n n . N e w York: C r o w n , 1 9 5 4 . 

Th is is the most popular compi lat ion of a v a r i e t y of Einstein's wr i t ings , sti l l in pr int . 

287. "Algebra ic P r o p e r t i e s o f t h e F ie ld in t h e R e l a t i v i s t i c T h e o r y o f t h e A s y m m e t r i c 

F ie ld" ( w i t h B r u r i a K a u f m a n n ) . Annals of Mathematics 59 ( 1 9 5 4 ) : 2 3 0 - 2 4 4 . 

288. " F o r e w o r d . " In M a x J a m m e r , Concepts of Space. C a m b r i d g e : H a r v a r d U n i v e r s i t y 

Press, 1 9 5 4 . 

O Q Q The Meaning of Relativity. 5 t h ed. P r i n c e t o n : P r i n c e t o n U n i v e r s i t y Press, 1 9 5 4 . 

favvi Th is is the final revised edit ion of Einstein's seminal work. In it , he completely revised 

appendix 2, "General izat ion of Grav itat ion Theory,"of the fourth e d i t i o n , renaming it "Relativis-

t ic T h e o r y of the N o n - s y m m e t r i c F i e l d " — h i s final a t t e m p t to extend or general ize his theory to 

achieve a unified theory of the gravitat ional and e lectromagnet ic fields. 

O Q A " I f E i n s t e i n W e r e Y o u n g A g a i n , He S a y s He'd B e c o m e a Plumber." New York Times, 

& V V • N o v e m b e r 1 0 , 1 9 5 4 . 

T h i s is a report about a letter E inste in wrote to the editor of The Reporter magazine on Oc-

tober 13 , in w h i c h E inste in c la imed that if he could l ive his life aga in , he would not become a 

sc ient ist . He said he would rather become a plumber or a peddler, "in the hope of f inding t h a t 

modest degree of independence sti l l avai lable under present c i rcumstances." Unconstra ined i n -

dependence would allow h i m to concentrate freely on physics . 

291. " T r i b u t e t o J o s e p h Schar l ." New York Times, D e c e m b e r 9, 1 9 5 4 . 

E inste in praised t h e art ist w h o had sketched h i m . 



Early in the year, Bertrand Russell approached Einstein, 
asking him to issue a joint statement with other scientists 
on the arms race, declaring that in a nuclear war there 
would be no winners or losers, only a permanent state 
of catastrophe. Russell drafted the statement and sent it 
to Einstein, who signed it on April 11 and returned it to 
Russell. With it, he sent a short letter. 

A week later, early in the morning, Einstein died at 
Princeton Hospital after suffering a ruptured abdominal 
aneurysm. Alberta Rozsel, the night nurse, was the last 
person to see him alive. His body, from which the brain 
and eyes had been removed during the autopsy, was cre-
mated late in the afternoon, and his ashes were scattered, 
probably over the Delaware River not far from Prince-
ton, by his friends Otto Nathan and Paul Oppenheim. 
The news spread rapidly throughout the world as a flood 
of tributes filled the media. 

161 
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The restaurant that started it 

all, the original McDonald's 

IN PHYSICS, Emilio Segre discovered "anti-protons" (he 
would win the Nobel Prize in 1959), and John Wheeler 
described a hypothetical object, a "geon,"constructed out 
of electromagnetic radiation. 

The Nobel Prize in physics was divided equally be-
tween Americans Willis E. Lamb, for his discoveries 
concerning the fine structure of the hydrogen spectrum, 
and Polykarp Kusch for his precise determination of the 
magnetic moment of the electron. The chemistry prize 
went to Vincent du Vigneaud, also of the United States, 
for his work on biochemically important sulfur com-
pounds, especially for the first synthesis of a polypeptide 
hormone. 

292. " F o r e w o r d . " In L o u i s de B r o g l i e , Physics and Microphysics. N e w Y o r k : P a n t h e o n , 

1955-

293. 'Preface." In Ju les M o c h , Human Folly:To Disarm or Perish. L o n d o n : G o l l a n c z , 1 9 5 5 . 

294. "A N e w Form o f t h e Genera l R e l a t i v i s t i c F ie ld E q u a t i o n s " ( w i t h Brur ia K a u f m a n n ) . 

Annals of Mathematics 62 ( 1 9 5 5 ) : 1 2 8 - 1 3 8 . 

O A I™ "The E i n s t e i n - R u s s e l l M a n i f e s t o . " Issued f r o m L o n d o n , J u l y 9, 1 9 5 5 . 

fa J J I Also s igned by Max Born, Leopold Infeld, Frederic Jol iot -Cur ie , and Linus Paul ing, 

among others, the manifesto can be seen on the Internet at www.nuclearf i les.org. 

http://www.nuclearfiles.org
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' I Q / * " R e m e m b r a n c e s " ( E r i n n e r u n g e n - S o u v e n i r s ) . Schweizerische Hochschulzeitung 28 

faVVi (spec ia l v o l u m e , 1 9 5 5 ) : 1 4 3 - 1 5 3 . 

E instein recalled, a m o n g other t h i n g s , t h a t he had studied the work and lives of the "masters 

of theoretical phys ics" w h i l e a student. 

297. "Albert S c h w e i t z e r at E ighty."Chr ist ian Century 7 2 , no. 2 ( 1 9 5 5 ) : 4 2 . 

| Q Q " I n t r o d u c t i o n . " In H e n r y I. W a c h t e l , Security for All and Free Enterprise. N e w Y o r k : 

L v O i P h i l o s o p h i c a l L ibrary , 1 9 5 5 . 

O A A " F o r e w o r d . " In W i l l i a m Ess l inger , Politics and Science. N e w York: P h i l o s o p h i c a l L i -

k V w i brary, 1 9 5 5 . 

" W h a t Is t h e Task of an I n t e r n a t i o n a l J o u r n a l ? " Common Cause ( F l o r e n c e , I t a l y ) 1 , 

no. 1 : 3. 300. 
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