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Albert Eimstein was an exceptional human being.
Perhaps nothing reflects the breadth and scope of his
brilliance, his interests, and his influence better than
his publications—wmnose than six hundred seientifie
papers, books, essays, reviews, and opinion pieces.
Einstein began publishing in Mateh 1961 with a seien-
tific work that appeared in the Gerfnan journal Annalen
der Physik when Re was twenty-twe; the last publication
was an editerial in the jeurnal Commen Cause, whitdh
appeared a few menths befare his death in 1933. 1a

the fifty-feur-year interval, his published werk ranged
widely gver relativity thesry and quantum physies,
Rationalism, judaism, war, peace; 2nd edueatien. indsed,
Einsteins literary BHEBHE was $8 aBuRdant that even
fany of Ris mest infarmed admirers are net familiar
with il gFit.

The Einsteiin Abmanec takes a look at Einsteim'’s year-
by-year output, explaining his three hundred most
impertant publications and setting them into the eon:
text of his life, seienee, and werld histery. Consentrat-
ing primarily on Einstains scientific and humanitarian
Wriings, Atics Calaprics summarizes most of the
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PREFACE

The past exists onlly insaifar as it is present in the records of today. And
whatt those records are is detemifred by what questions we ask. There
is no other history than that.—Jjohm Wineelker, 1982

Wihen looking at Allbert Eimstein'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 Einsteim’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
influenees and cireumstances in Elmsteiims life that may
have led te his immense contributions. The accident of
the historical time inte which Eifstein was born allowed
Rim t6 mature inte adultheed dufing an era of exeiting
eultural and pelitieal ehanges. Other faeters that influ-
eneed his life were his family baekground and values and
his ethnieity; the peeple he serendipitousty enceuntered;
his Hnigue genetie makeup and persanality; and, indeed,
the scientists wha came Befere him 2nd made his disegy-
eries passible:

In the pages that follow, you'll find most of Einsteiin’s
publications, speeches, and contributions to his commu-
nity, the last of which he felt were paramount in anyone’s
life. Allbert Eimstein began his long list of publications
with a scientific paper he had finished writing at the age
ot twenty-one. It was published in the Getman journal
snadem derdsié in Maich igoi. The book cleses with a
nenseientifie artiele for Commeon Cause i 1955 Such alke-
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 1§25,
when he was relatively young. His interests broadened as
the events of the twentleth century paved the way for his
Inereaslng commitment to international pelitieal and se-
cial issues.

In between these two papets we find an assortment
of publications from one of the most multifaceted indi-
viduals of our time. Eimsieims writings reveal his wide-
ranging interests and viewpoints. Fortunately for us, he
was 4 man of many words and eenvietions, fearless and
soetimes Futhless in expressing Ris ideas and epiniens.
He had semething to say on everything frem relativity
and guantum theery te a “theery of living,” frem Ger-
fRaR Ratienalism te liBeral Judaism, from war 18 EEQEQ;
frem atheism ts “eastie retigion;” frem lynehing fo 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 mestly on his scien-
tific and humanitarian writings. In additien, 1 have in-
cluded a small sampling of the interviews he gave and
the eulogies and tributes he wiete. He alse partisipated
in radie broadeasts and wrote baek reviews, patent apin-
iens, and pewspaper articles. Semenow, he alss feund
time to write theusands of letters and a variety of state-
fRents, apherisms, and spesehes that were net published
But were later eollected and printed in eampilations sueh
4 Ickeas and Gpinions half a century g and mare fully
i the oRgBing series; The Ealieciad PapsrsiAlbert AN
siein: Serme of these gems can Be foHAd IR My @uaihle
EnsED, Bosks:

To put these works into context, I am presenting them
chronologically with descriptions of concurrent events
in Eimsteiin’s personal life, the world in general, and the
realm of physical science. I summarized the content of
each paper whenever [ was able to find informatlon on it
or had access to the book or article itself.
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I thank the efficient and kind Osik Maoses of the Ein-
stein Papers Project for taking the time to send me some
articles from the Readlx bibliograpiny, which saved me
hours of library work. I gratefully acknowledge the rig-
orous editing of the manuscript by Limda Forlifer of the
Johns Hopkins University Press. | 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, fiolliowed ty tie
Bxgantdd/ Quatable Einstein, witilke e wies phiysics cetiitar
at Princeton University Press, paving the way for my sub-
sequent Eiimstein 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 YEARS 1%79-1900

S
1879 March t4: Allbert Eimstein 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.



Former slave Frederick Doug-

fass is an influential figure

in America around the time of

Einsteini's birth.
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1881

1884

1885

1886

A Brief Einstein Timeline for 1879-1900 xii

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

Finstein's sister, Maja, was born. Thimking 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.

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

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 Darwinis half
cousin, Sir Francis Galton, proved that each persom’s fin-
gerprints are unique. Damish physicist Niels Bohr, with
whom Eiinstein would hotly debate quantum theory, was
born.

Eimstein 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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in vlae aftermath of
elands potato famine
184560}, peasants
seize the crops of
evicted tenants in 1886,
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the police shoeting of
HRarmed laborers iR
Ehicago (May 1886).

1887

1888

1889

Ernst Mach developed the supersonic scale. The Ameri-
can physicists Albert Micielson 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 96 degrees. Tthiis 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 Eimsteiin's work: An
explanation by Geotge F. Fitzgerald in 1892 and indepen-
dently by Hendrick A. Lotentz 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 Eimsteiin’s special theory of relativity and
relegated the ether to the history books.

German emperor Wiilhelm 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 Wiilhelm II. In the
United States, Croatian Amesican engineer Nikola Tes-
la, who invented the rotating magnetic field, the basis
for mest alternating-eurfent machinery, built an electrie
meter, Manufactured by Westinghouse. Georige Eastiman
perfected the Kodak bex camera. Heinrich Hertz dem-
enstrated the wavelike preperties of electromagnetic fa-
diatien, desisively eonfirming Maxwellls theery ef eles-
tremagnetism. His experiment led to the development of
the wireless telegraph and radie.

At the age of ten, Einsteinis interest in physics, math-
ematics, and philosophy began when a family friend, a
university student who recognized Allbert’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 Hitlet.

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

Pursuing readings on his own, Allbert was now teach-
ing himself higher mathematics and calculus. In Italy, a
young scientist, Guglielmo Maiconi, began experiment-
ing with wireless telegraphy; his apparatus was based on
the ideas of German physicist Heinrich Hettz, 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.

Whille Eiinstein 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.

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 auteme-
bile became indispensable to many people over the next
half-century, Eiinstein never learned te drive, perhaps be-
eause others were willing te de it for him. The first phe-
toelectric cell was developed by Julius Elster and Hans
Grife!.

Eiinstiefin’s family moved to Italy; fifteen-year-olidl Albert
stayed in Mumich 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-
vine and car as railroad swrikes

tnpple America in 1894.

1895

1396

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

Eimstein attempted to enroll in the Federal Polytechnical
School (the “Poly,"later the ETH, 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 scheol. He did se in
the village of Aargau, where he lived in the home of his
headmaster. Later he would have fond memoties 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 publie
film was shown in Parls. Wiilheli Roentgen diseovered
x-tays, and King C. Gilllette invented the safety razor.

At the age of seventeen, Eimstein relinquished his Get-
man citizenship, with his father's consent, beeause 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 Octeber. Upen the
death of Swedish inventer and industrialist Alfied Ne-
bel, five anAual Nebel Prizes wete established—in phys-
ies; physielegy and medicine, eheristey, literature, and
peace, to be awarded beginning in 1961 Ankeine Hear
Beequerel diseavered natural radieaetivity, and Gugliel-=
e Maneoni, at the age of twenty-twe, patented 3 sue-
eessful system of radie telemetry. Ludwig Beltzmann
previded what he felt was a reasenable Basis for statis-
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sunk at the beginning of the
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tical mechanics, expressing entropy in terms of prob-

ability theory. Sigmund Freud, who would correspond

with Eiimstein some thirty years later, used the word psy-

chaanalysistéortbefiissttiinve inHidsppger, Titie I todbgyy
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.

In college, Eimstein 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.

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 fiest pho-
tographs using artificial light were taken, and the first
patent was given for a magnetic sound recording, the
“telegraphone.” Gugfielmo Manconi successfully trans-
mitted wireless signals across the Emglish Channel.
Whhille 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.
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British troops pose before en-
gaging in vicious battles during
the Boer War,

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

1900 At twenty-one, Eimstein 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. Dom discovered radar.
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At the turn of the century, Eimstein 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 te study en his own—using source books such as

these by Hermann von Helmholtz, Heinrich Hertz, and

Ludwig Boltzmann—and te diseuss the topies of the

day with his elese eirele of fresthinking friends. Cen-

sequently, Re Rew faund it diffieult to get favorable ree-

smmendations rem Ris teachers, whe had faund him

somewhat arregant, sharp-tangued, and egely The Paly

had already turned down his application o Become R
assistant teacher for the fall semester:

In 1896, Eimstein, with his father Hemmamnis consent,

had relinquished his German citizenship and moved to

Switzerland to go to school. Eimstein had long harbored

an acute distaste for the authoritarian and military atti-

tudes of strict regimentation and discipline popularized

under German chaneellor Otto von Bismarek and Kai-

ser Wiiinelim 1. Neww, five years later, he became a citizen

of the mere telerant natien of Switzeeland, “the mest

Beautiful esarner 6 Earth | knew.”nonikallly, three weeks

later he was required te register for the military, an obli-

%eaﬂe[a Re had seught 8 avaid in @%ram?gﬁ Fortunately

F Einstein, hewever, he was deelared unfit for militar
service due io flat feet, excessive foet perspiratian (whie

fHQi{ have led 8 Ris dislike 8F s9eks), and varesse veins:

tnstead of serving in the armed farees; he was f@EjHlF%H

1o make annual military 3% F% ments. Epiens sister,

Miaia, malntained that Rer RIBERer wanted I8 Became 4

Swis clfizen Beeause e admived fhe Rations potitical

&g&spa; Rawever. he may 2158 ave wanted citizership for

the more HHITAMAN reason of Beeoming eligiBle 18r civil
SErVice PoSIHONS; IRElHYIng feaching:

During his eatly college years, Eimstein had become

romantically involved with fellow physics student Mileva
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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. Miilleva 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-
twe, after several years of eaurtship, he stated his inten-
tien e marry Milileva ever Ris family’s strong ebjections,
espeelally his methers. Mifkva wrete to a friend iR late
1901 that Vs, Einsteln “seems o have set as her lifes
geal ta emBitter a5 mueh as pessible net enly my life but
3lse that ef Rer son... 1 weuld net have theught it pes-
siBle that there could exist sueh heartiess and ouiright
wicked pesplet”

In the spring, Allbert continued to apply for positions
as an assistant to Swiss, German, and Dutch physicists
but to no avail. Wiith no other prospects in sight, in May
19061 he accepted a two-month position as a substitute
teacher at the Technical School in the Swiss town of
Winigsritihue, as he eentinued te be turned dewn for simi-
laf pesitions at other seheels. For the fall semester, he ae-
eepted a termperary tutering pesitien at a private schesl
iR Sehaffhausen and began werk en a deeteral disserta-
tien o the meleeular farees in gases. He submitted this
thesis te the University of Zurich in Nevember (at that
time the Paly had ne Ph.D. pregram) and waited far &
deeisian.

Adding to his anxieties, Milleva Marie had become
pregnant with their child. Eimstein, who at first seemed
unpertutbed by the impending event, realized soon
enough that he was bereft of any means of support and
hastily applied fof a position at the Swiss Patent Office
iR Been through afrangemments made by the father of a
sehoel friend, Maricel Grossmann. Milleva had failed her
final exams at the Poely for a seeond time and dropped eut
of seheel, returning heme te Hungary to await the birth
of her ehild. Einstein packed up his meager belongings
and meved te Bern in eptimistie anticipation of an offer
of wark from the Patent Offfice.



The city of Bern when Einstein
lived there

HILE THE YOUNG EINSTEIN was contemplating his bad
luck that year, Italian inventor Gugfielmo Marconi, on
December 2, transmitted the first transatlantic wire-
less signals from Poldhu in Cornwall, Emgfand, to Saint
Jotin's in Newfoundland, Canada, a distance of twelve
hundred miles. His system, radiating signals at about
860 kHz, proved that wireless waves were not affected
by the curvature of the earth. Te great Italian physicist
Entico Fermi, who would later develop the first nuclear
pile at the University of Chicago, was born, and German
physicist Miax Planck devised quantum theory, in which
he introduced the concept that energy existed in discrete
units, called guanta.

The Nobel Prizes were awarded for the first time this
year. The first Nobel Prize in physics was awarded to
Gemmeamy’s Wiillhelm 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.

“€onclusioms Drawn from the Phenomena of Capillarity” (Folgerungem aus den Capillar-
itatserscheinungem). Ammiden der Physik, ser. 4 (1g01): §1$-523.
Einstein dated his first publication Decemiber 13, 1900, though it was not published until the
lewing March. Using beth thermedynamic and molecular-theoreticall metheds, he examined
the nature of Intermoleculiar forees A the speelfie phenemena of eapillarity in Reutral liguids.
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Eimstieiini’s first child, daughter Lieserl, was born out of
wedlock (probably in January) to Milleva, who had re-
turned to her parents’ home in Novi Sad to give birth.
Eimstein was not present for the birth, nor did he ever see
his daughter. Indeed, Lieserls story is shrouded in mys-
tery. Her parents presumably gave her up for adoption ot
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 Milleva 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 Eimstein the civil sefviee
job he was seeking.

Probably on the advice of his thesis supervisot, Al-
fred Kleiner, Eimstein withdrew his doctoral dissertation
from the University of Zutich 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 Been. 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 Eimstein, finally freed from eco-
nomic worries, would spend the most creative years of
his life.

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

H'IENRI POINCARE, in La Seiencet/hypotieesen oetéditinatt it

oes not matter whether the ether exists. “Wihat is essen-
tial for us is that everything happens as if it existed!. .. It is
only a eonvenient hypothesis... Some day, ne doubt, the
ether will be thrown aside as useless.”
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Bertrand Russell found the “ultimate paradox,” the set
S of all sets which do not contain themselves. If § dves
contain itself, he maintained, then it cannot belong to the
set of all sets which ¢ not contain themselves. So § 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 doesanttain itssd ff Iim altattar
to mathematician Gottlieb Frege in Jume, Russell devas-
tated Frege’s work on building up numbers from sets, on
which Frege had worked since 1878.
The Nobel Prize in physics was awarded jointly to
Hendrijk A. Lowentz and Peter Zeeman of the Nether-
lands for their research into the influence of magnetism
The child at right was thought  on radiation phenomena. In the presence of a magnet-
for a time to be Lieserl, 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 the Thermodynamiic Theory of the Potential Difference betweenm Metals and Fully
» Dissociated Solutions of Their Salts and on an Electrical Method for Investigating Mo-
lectilaPiFaPEERTU EBE LRE TR MRS Hy RANT KHE Thédrie der iPatdhe taIRfforeHy saligctieto Mée-
renay rf&'rGSFl"st(éJr?z‘Pi‘g digs SRR Kaéwgéheiﬁﬂﬁ%ﬂzgeﬂ P tRsd A b @le Rer e e Mt Hoele
EU?rENBQSEHUEEHQF%A@WHEFWEf@WeﬂW@{Pﬁ?HR 8o dbyr Rjgegigktrische Methode
ZUIE FT$ET96 T DL SId MR CORRERIRS ) FnRpen vaRE RSt BHe $225nd 98P bf- thermodynamics,
wh&@ﬁsb@i&lﬂggggﬁqﬂcgm fRitigesr (Pbrikhe validity of the second law of thermodynamics,
which became significant for his later work.
3 “Kinetic Theory of Thermal Equilibrium and of the Second Law of Thermodynamics®
®» (Kinetische Theorie des Warmegleichgewichtes und des zweiten Hauptsatzes der Ther-
moay%ir%?ﬁ')s:%nenglre]ﬁoareirepﬂ%ivar@sg%i:cggf_w“igg.tes und des zweiten Hauptsatzes der Ther-
MIAWIHITHS +6"E8IHpI S ThE nechianiadi folifiditions of the “general theory of heat,” Einstein
her8 1L RS 150 Wéoylgttgntehfn DEHAA 67 dEVS a|1ct)ir?sn§|roefagryeb'!quetﬁ] i rgg/ Uﬁ%ovwgoéorigzar%;ng?srem

here provided the keystone in a chain of derivations already begun by Ludwig Boltzmann.



Albert and Mileva Einstein

in Bem

Eimstein started the new year by getting married. He
and Miileva tied the knot in Berm on Jamwary 6 in a sim-
ple civil ceremony with two wedding guests, Einsteim’s
friends Meurnice Selovine and Comtad Halbiehit, 1 atten-
dance. The couple began te make their Reme tegether in
one ot the slx apartments they weuld 1nRabit during their
geven years 1A the Swiss eapital.

Bern was a lively and lovely town, with clusters of in-
tellectualls and students gathering in various cafes and
homes. The newlyweds fit right in. Einsteiiis need to ex-
press himself freely and mingfle socially had already me-
tivated him, Sollovine, and Halbieht to form what they
mockingly called their “Olyfmipia Acadimy,” a diseussion
group to which they would secasionally invite efe of twe
other friends. Thils small gathering informally dissussed
the impertant selentifie and intellectual topies of the day
whille seelalizing, sefmetimes beisteronsl. The young
peeple debated the philesephical works of Karl Peaf-
§6R, David Hume, Brnst Mikh, Geonrg Riemanmn, Barueh
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Spinoza, and Henri Poincare, often well into the night.
Milleva was part of the group but remained more a quiet
listener than an active participant. Eimstein was still try-
ing to find a better job, which was complicated, @coarding
to Milleva, 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 Milleva visited her family in Novi
Sad, Lieserl came down with scarlet tever. At that time,
Eimstein wrote to Milleva, 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 Allbert nor Milleva ever
mentioned their daughter again in any surviving corre-
spondence.

In the fall, ayear and = half after Lieserl's Ivirth, Mileva
wrote Allbert 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.

Eimstein 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 Ametica. Mlost 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, Notth Car-
olina, a small town with the best winds for the oceasion.
Tie flight lasted a mere twelve seconds and covered only

a hundred feet from start to finish, theugh the ups and
dewns in the aif made the journey eguivalent te 548 feet.
Eatlier 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 Ciiy. Thhe same year,
Henry Ford founded the Ford Metor Company as the
largest car manufacturer in the world and introduced his
Moxdel 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 Wiilhelm 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 Amhenius of Sweden for his electro-
lytic theory of dissociation.

4 “A Theory of the Foundations of Thermodynamics” (Eine Theorie der Grumdlagem der
» Thermodynamik). Annaiben der Physik, ser. 4, 11 (1903): 17%9-187.

Einstein showed that the concepts of temperature and entropy follow from the assumption
of the energy principle and atomic theory. He required only the foundations of atomic physics
but no other physical lypotheses.

The Wright brothers take
flight in Kitty Hawk, North
Caralina.



.
On May 14, Albert and Miilkewa's first son, Hams Albert,
was born, and Eimstein 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 trscame Him~
stein’s close and lifelong friend and correspondent, one
whom Eimstein admired greatly for his personal quali-
ties.

N THE UNITED STATES, the first railroad tunnel was ex-
cavated under the North (now Hudson) River between
Mamhattan 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 Ametica, work began on the Panama Canal,
and W. C. Getgas, an army physician and sanitation ex-
pert, succeeded in controlling yellow fever in the Canal
Zome through mosquito-eradicatiom measures.

Tihe Nobel Prize in physics was awarded to Lord Ray-
leigh (John Wiilliam 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 Wiilliam 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.

E "0n the General Molecular Theory of Heat” (Zur allgemeinem molekularem Theorie der
Warme). Annalen der Physikk 14 (1964): $54-362.
The culminatiom of Einsteinis efforts to generalize and extend the foundatioms of statistical
Bhysics, this was his last paper devoted exclusively to the subject.

1



Einstein in Bern, Switzerland

The year 196§, Einsteiin’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-tihree review artieles for
journals. He accomplished all of this en his ewn time
after eoming heme frem the Patent Offiee, 3 remark-
able achievement for someane Aot yet in the halls ef aca-
defnia. Prspite Being sutside the academie werld, he had
Re treuBle gaining preminence in the werld of physies
with his innevative 2nd semetimes esntraversial contr:
Butiens e the field. Many schetars think fhat it is pre-
cisely Beeause Einsteln was HRencumbered By the FFQEZ
E_lﬂgé and 1ong heurs of academic life hat he had the
{me 8 think and write clearly and ereatively.

Based on a letter from Eiinstein to Miileva in which he
makes a reference to “our work," some historians have
suggested that Milleva was Eiitstieiin’s collaborator in his
scientific research. No hard evidence exists for this claim,

12
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however. It is known that Allbert 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 Miileva and Hans Albert
on an excursion to Belgrade and Novi Sad to visit Mile-
va's family and introduce their son to them.

HILE 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. Tiree decades
later, Freud and Eimstein 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 Adllerian psychothetagy, Einstein said
that he preferred to remain “in the darkness” and unana-
lyzed.

In Ametica, the Mount Wiisom Observatory was
completed near Pasadena in California. Twenty-six years
later, in 193t, Einstein would visit the observatory where
Nobel laureate Allbert A. Micthelson had measured stel-
lar diameters and the speed of light. In 1903 Edmund B.
Wiilson discovered that the X ehremeseme Is linked to
the gender of the bearer, and Svante Arhenius shewed
Ris preseience By expressing eoneern that large-seale
burning of fossil fuels Might result in glebal warming.

The Nobel Prize in physics went to Philipp Lemard of
Germany for his work on cathode rays. Alithough Ein-
stein and Lemard had professional respect for each other
early in the century, Lenard later became a staunch Nazi
and anti-Semitte and, in his book German Physies (1936),
denounced Einsteiin’s “Jewish physics” and relativity the-
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Theodore Roosevelt’s inaugural
parade

ory.“In contrast to the intractable and solicitous desire fot
truth in the Aryan scientists, the Jew lacks to a siriking
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 Heuristic Point of View Concerning the Productiom and Transformatiom of Light®
s (Uber einen die Erzeugung und Verwandlung des Lichtes betreffenden heuristischen
Geﬁcﬂg‘ﬁﬂnﬁf’)?ﬂnﬁmeﬁwmﬂ( nggsg\y:af}yyi]gsges Lichtes betreffenden heuristischen
GeEii?ﬂEEPr&‘@Kpom&@ﬁnorijeﬂh%hﬁ@tﬂ?ar“zﬁ?c.sr)épéﬁéylﬁétween material bodies and radiation and
intFftely ?:H@oé’(ﬂw&éjpf’Q)ft'l‘i‘:gfﬂeﬁlﬂﬁtg,isﬁeﬂ@&fdng?wssmi'ﬂétfﬁiélbgggi%ramuﬁﬁdbaftm 3¢
RGRSERS S EORFEREAH, BN BoRF PSR oPERY Kt AT T et ety
BT IgEe, AL Sh GRS RIGEL R aghacO S8BTt bF e LA e e
BoHShds T e O LR ER N deri e e Ho T e el HalEE
etk e SR o, RSt Ly, HeniB RN & Al
S, P95 3 B DR e ot asrand el
radlatfltﬂelaw to break the at racﬁlve forces holdlr{ the electrons in he tal Th |sht gmoﬁ

milestonesin t edeve opmentof uantum mechanics, ma EikStein t

the ve men uantum mechani oremo

p|oneer he theReld andqo Ening the wor d ofq uancum physics. “The' ?rst b the five 'grede aDers

ﬁlone% in the field and o enin % % % n sics. The first oft e flve reat papers
lished in 1903, it earne h|m the Nobel' Prize’ |n h sICs sixteen years

o
he ubl|shed in 180 , it earned him the Nobel Prize in sics sixteen years Iater

“A New Determinatiom of Molecular Dimensions” (Eine neue Bestimmung der Molekul-
= dimensionen). Dated April 30, 1905, but not published until the following year. Bern:
wyssyi@ae.smsrmgﬁerymmumm%nwm;aq@lﬁ%»%%gqnowmg year. Bern:
WYPRis'388 MR S bt i ok iBran BB gt NS e dGbrIteY iA&Re3&ring of 1905 after he
withdredo HISARL SubRatRion fPsb2! HiseeHabombried e ReHRAi fiRsBR BRI Athalttsdye

withdrew his first submission in 1902. Here he combined the techniques of classical thermody-
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pamics with these of the theery of diffusion to create a new methed for determining molecular
sizes. He wanted to discover facts that weuld establish ence and for all the existense of atorms
of a specific fiinike size, since at the turn of the century the atemrs existense was still in conten:
tion. After he submitted his copy of the thesis te the University of Zurieh, his petition to re-
ceive the doctorate was approved.

“On the Motion of Smali Particles Suspended in Liquids at Rest Required by the Mo-
8. leadian-Kinetic Theory off Meat” (Uber die von der molekularkinetischen Theorie des
Warme geforderte Bewegungwem in ruhenden Flussigkeitem suspendiertem Teilchen). Aanel
en der Physik 17 (1905): 54¢9-560.

For the first time, Einsteim discussed Brownian motion, the irregular movement of micre-
scopic particles suspended in a liquid, which was named after the eighteenth-century Scottish
botanist who first observed it. As Einstein explained in a letter to his friend Conrad Habicht on
May 25, he proved in this paper that particles about 1/1000 millimeter in diameter suspend-
ed in liquids and too small to see move randomly because of thermal dynamics. By inverting
Boltzmamn's formula, Einstein described its mathematiss, deriving the probability of a macre-
scopic state for the distributiom of gas molecules. This paper led to experiments validating the
kinetic-molecular theory of heat. To date, this is Einstein's most-cited paper.

9 “On the Electrodynamiics of Moving Bodies"” (Zur Elektrodynamik bewegter Korper).
= Annalkn der Physik 17 (190§): 8oa+-g21.

This landmark in the development of physics, one of the two papers that laid out the theory
of special relativity (the other is no. 10), formulated a new conceptiom of time. By assuming
that the speed of light is the same to every observer moving at a constant velocity, Einstein
showed that space and time were not independent: spacetime was born. According to Hermann
Weyl in 1918, this theery "led to the diseevery that time is associated as a fourth coordinate
on an equal festing with the ether thiee eeordinates of space, and that the scene of material
events, the werd, s therefere a faur-dimensionl, metrical eantinuwm” It was a r@xsildionary
piece of selentific werk:

Einsteiin's exploration of the nature of simultaneity and expression of the necessity of deffiming
$ifultaneity led to widespread discussion of the “conventionality of simuitaneity” in the phi-
|8§@phy of science, which is still a hot topic today.

Henri Poincare, also in 180, obtained, independently from Einstein, many of the results of
the special theory.

1||| “Does the Inertia of a Body Depend om Its Energy Content?" (ist die Tragheit eines
“'<& Korpers von seinem Energieinhalt abhangig?). Ammatden der Physiik 18 (1905): 63p-641
Using the postulates of the special theory of relativity, Einsteim showed that energy radiat-
8 is equivalent to mass lost, which would eventually lead to the famous equation E = mc’. He
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considered the conservatiom of energy of a radiating body in a system at rest and in a system in
uniform motion relative to it. For the first time he concluded that “the mass of a body is a mea-
sure of its energy content."Tihe special theory of relativity paved the way for a deeper apprecia-
tion of symmetry criteria in physics and introduced new views on space and time, yet it took
twenty-five years for experimental evidence in its favor to emerge. Einsteim credited Galileo,
Isaac Newton, James Clerk Maxwell, and H. A. Lorentz for laying the foundation for the theory.

. |
In January, Eimstein 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 ree-
ognition of his ability to analyze difficult patent applica-
tiens, and his salary alse took a jump. By this tife, the
stall but lively Olympia Academy had disbanded be-
eause its members had meved te distant plaees, and Ein-
stein deepened his friendships with other Bernese fesi-
dents, sueh as his sister Meins fiance, Paul Wintedes, and
Mirihele Besse.

After his year of miracles, Eimstein eagerly waited for
reactions to his publications. Some of the most eminent
physicists of the day, such as Nobelist H. A. Lotentz and
future Nobelist Max Planck, understood and appreci-
ated the revolutionary implications of his wetk. Einstein
admired Planek greatly, alling him "ene of the finest
persens I have ever knewn.” Tengue iR eheek, Einstein
added, "but he really did net understand physies, Because
during the eclipse of 1919 he stayed up all night to see if
it wauld esnfifm the Bending of light by the gravitation-
3| field: 1F he had really understeed the general thesry of
Felativity, he wetld Rave gane te Bed the way 1 did." He
eredited Planck’s suppart 8f his theary for afiracting the
Ratice 8f calleagues 1A the field s8 guicidy:

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

publishing papers to elaborate his ideas. Still, Einstein
was an attentive family man at this time and especially
doted on Hans Albert. Milleva 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 1926, stated a new tenet, often called the third law of
thermodynarmics: if a chemical change takes place be-
tween substances that are at absolute zero, there is no
ehange in entropy.

Roald Amumndsen 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, Maiie Curie was appointed
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to her deceased husband and co-Netbelist’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. Homson of Biglland 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.

m “On the Theory of Brownian Motion” (Zur Theorie der Brownschem Bewegung). An-
nalen der Physik 19 (1906): 371—381.

Hére BRI tEFH %B@Q‘erﬂt%dlﬁﬂ@érl?@ﬁa@és on Brownian motion in more elegant form, adding
twﬁﬁémﬁﬁﬁﬁﬁﬁhﬁ?bﬁ‘%rﬂ%’ VHEtRAI1 8T st RAE L RSh Wﬁ"ﬁiﬁrpéﬁ?iﬂﬂ“u HH@?‘{'ﬁeei'ﬁﬂ%%E@’&Fg?é’\?im
% BRY RBAILEASIIBR: THe \BrdiAl AH Yo tatidAal plcveHtesD FiRt M YBESt ﬁgesdﬂﬂ %%é?fjé’dﬁ‘@é?-'
HAR @Qﬂe‘?i?ﬁ%égﬂr‘tH@'férﬁﬁ@%@tﬁ‘ld%ﬁ‘iiﬂ‘i‘ﬁi tRe 8L PiPsetincigilg solid sphere. Jean Per-

rin's experiments on the former would win him the Nobel Prize in 1926.

“The Principle of Conservatiom of Motion of the Center of Gravity and the Inertia of
» Emergy™(Das Primzip von der Erhalttung der Schwerpunktsbewegung und diesTragtheitt
der Energie). Ammiden der Physik 20 (1906): G27-633.
In an ingenious thought experiment involving energy transport in a hollow cylinder, Einstein
returned to the relationship between inertial mass and energy, giving more general arguments
for their complete equivalence.

A
Elimstieiim’s work was now being discussed setiously by the
most prominent physicists in Europe. In June, however,
when he applied for a postdoctoral position at the Uni-
versity'of Been, his application was turned down because
he did net submit the requisite unpublished thesis (Ha-
bilikarionsseifiy). 1ni itspphaeeHreaateent Heeseaatthcon-
fhittee a bundle ef his already published papers, feeling
that these sheuld suffice.

In the fall, after contemplating why relativity seemed
to apply to almost every physical phenomenon except
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———eee,

gravity, he formulated the principle of equivalence for
uniformly accelerated mechanical systems. Whille sitting
in the Patent Office, le sudidtenlly rediized dvat, iif 2 persom
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—ttiezee is no reference point. Eimstein 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 Eimstein 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

Mesncury.

THE AMERICAN ENGINEER Geotge W. Goethals was ap-

pointed to direct the construction of the Panama Canal.

The Nobel Prize in physics was awarded to the Amer-
ican Allbert 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 Micihelson 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.

"Plandk’s Theory of Radiatiom and the Theory of Specific Heat” (Die Plancksche The-
v ofie der Strahlung und die Theorie der spezifischen Warme). Annaben der Physik 22

(1907)1: 180-190.

(n théqft)rftlﬁgper he wrote on the quantum theory of solids, Einstein made a deduction of
Plalfckherdfth « AR F'o M1 14 %Wdoﬂlst&em%%%'imrmﬁﬂrt}'cé’é ﬁ?HBEbiﬁWtﬁi&W?ﬁ ehdefueHemat
Risiafkéu st EHOCh dBF WB AR RYEEMBHER YatBH FRUSEDI RRRRALILRG LEPIEUIR B RBaBEIE
Cassicqpant Tt BFRISd ARBH BHUiEee QTG For tha@ YBUEIRE o 20 BFBITAL YRR A BRGI9EP Serd

tmatqu@pgédttgmi{g&&?gmplete explanation for the specific heat of solids from absolute zero

1% 3hove room temperature.
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WI"On the Limit of Validity of the Law of Thermodynamiic Equilibrium and on the Pos
m Ksibility of a New Determination of the Elementary Quanta” (Uber die Giiltigkeit
des Sat2é31bmotharMedy REFASEHRAL IR i Hgthdichie BRA taber i toglKhideit iderIHglkef!
BestSAARnY A8 EEHBALYPGINAEAR AR PHRTK 450 14057) diggMgghichkeit einer neuer
BegiHatRiRcused EhemtRRFATOPAAMIic/ apPrBacti B ik tialitHy in BROWAIAn motion to predict
volelpe Fllc tSEidAS iMNESAASHtAT To 1BREFAS L HEO K Heatietedma REAW HAThIY 3511t e PRRtiG
Ko HRgL- ! SEIRMTRI Vb GPRIEBRE VAP dBRE Blscthri¥tels, \RRHEH 8olAW ndablire tBSH ifiniRHEN:
SaREthsBe Beve RN Elhstel hade dithedat 2 bisd St S HY TatBiRly cankd eI Mfadchindife (7%
ek iedf e ey dd wetein He sunrafibatedtih B it butthdmmersi sadl e A d nbis Masainchema llifyle
frebinHoed iYeld TterdSe. ifsteatiphieabEadd by P iSBiFeA JH e Bl VfBS FurBS B fis

Fﬁéﬂﬁﬁ@‘lw&(follilE;Wng?/@aﬁ't.- Instead, he decided to publish a paper on the basic features of hi;
machine the following year.

“Theoretical Remarks on Brownian Motion” (Theoretische Bemerkungem uber die
» Brownsche Bewegung). Zeisthifift fur Hektrothente und engewamidee physiletibctehe Clhenmi¢
13 (1907): 41-42.
Einstein attempted to make the fundamental features of his theory accessible to readers who
had only a moderate background in mathematics. He discussed some peculiarities of the statisj
tical motion of particles suspended in a fluid that can hamper experimental verification.

"On the Inertia of Energy Required by the Relativity Principle” (Uber die vom Relativ-

» itatsprinzip geforderte Tragheit der Emengie). Annaben deer Physik 23 (1967): 371+584.

As in paper 12 above, Einstein discussed the relationship between inertial mass and energy,

arguing for their complete equivalence, namely, that every mass has an equivalent energy just

as every form of energy has an equivalent mass. This relation says that a photon can convert

into matter with the appropriate mass, and vice versa. He deduced the exact expression for the

equivalence of mass and energy, his celebrated equation E = mc?. He also returned to the ques:
tion of the impossibility of superlumimal velocities.

m “On the Relativity Principle and the Conclusions Drawn from It" {Uber das Reletivitat-
sprinzip und die aus demselben gezogenen Folgerungen). Jahrbuch der Radioaktivitat
und FlektPSHIR'R (104315 A5 15 Hhatei A5 OBREKEd R LBIFSDLi SARELHEN t i a pRadicRIIFEH
l@ﬂ/iﬂ@%@l‘in4v611?87()ig‘blé):4§82—-95‘.”5‘9‘” published some corrections to the paper the fol-
1O 12 AdvIBW Ur ticfé HiPIel AN tY; Einstein summarized the results of some of his earlier pa«
perd SAEHE YIRS UF!Fe Rt iUAEHL ¥the EIRYE St BITFTIHEZRIL B3FIIES BYSOTE . SReoRI &P (8RtRisRRE
RATEADCILE, GSAEY, BISELEM BEneR IR STy S YRR K fe kit VRIS R4 GP Y ePaTiE A LN O
Sinematiged Os%itcém el9EEPRY BT BBBY sTME TS ARG Y RHE UM Higs0sRa PR S| Rack
?Qn‘?étcfﬂ‘gﬁf’itgfyﬁ?”}na"tWé?é’Foq'etQHBEI&%%V'CSOHE‘?BH?éoaB?egf?éﬂvaetcﬁ?;'éflténéééﬁso?'r?eﬁqﬂ?fsﬁ%s’iihlf
SPGB NLEE 5 BUELHICES THE D0LEh 550K HERIaPTBRIERgaual o each other. This result

would be a steppingstone to the 1915 theory on general relativity.



Eiinstein 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 Milleva and Hans Al-
bert.

Tioughout the year, Eimstein, his friends the Habicht
brothers, and to some extent Milleva were intensely in-
volved with continuing experiments on his M&schinchen,
for which they eventually received a patent. He contin-
ued to enjoy tinkering with gadgets and solving puzzles
all his life. Wien 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.

HIERMANN MINKOWSKI took FEimsteiin’s algebraic expres-
sion of the special theory of relativity and geometrized
it, comblning space and time into a four-dimensional
continuum; he thereby provided a framework for all fu-
ture werk in relativity. In California, Geokge Ellery Hale
and his team eompleted installing the sixty-ineh reflect-
ing teleseope at Mount Wiisen. Rebert Millikan, whem
Einstein weuld meet later at the California Institute of
Teehnslegy in Pasadena, determined the prebable mini-
UM At 8f an eleetrieal eharge, OF the electran (SF “beta
particle;"as the electron was ealled 8t that time). He later
esined the feFm EasmICERYS-
Two of Finsteiin’s future friends, German chemist
Fritz Haber and Dutch physicist Heike Kamerlingh
Onnes, synthesized ammonia and liquefied helium, re-
spectively. Habet’s synthesis of ammonia eventually led

21
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to the Oppau and Leuna Ammonia Works, which en-
abled Gemmany to prolong World War I after its supply
of nitrogen for making explosives ran out in i914. Both
Kamerlingh Onnes and Haber became Nobel laureates,
in 1913 and 1918, respectively. Meanwthile, English electri-
cal engineer A. A. Campbell Swinton proposed the fiest
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 36, 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 Sibetian forest and
killed hundreds of reindeer and one herdet.

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

:8 “A New Electrostatic Method for the Measurement of Smail Quantities of Electric-
s ity” (Eine neue elektrostatische Methode zur Messung kleiner Hedrnizitatsmengen).
Physiktidisehe Zeitsatifift 9 (1908): 216-217.

Einsteim published the basic features of his method for constructimg the Masbhriciaren that he
used in his work on paper 14.

@) ‘“Elementary Theory of Brownian Motion" (Elementare Theorie der Brownschen Be-
Lasn wegung). Zeitsahnift firr Elaktconhemie und ungawsandse physikilisehe Chamée 14 (1908):
235-239-

An elementary account of Einstain’s theory of Brownian metion was needed, especially by
chemists who were trying to provide experimental suppert for it and often misunderstood it
Einstein elaborated on the relation between diffusion and esmetic pressure and calculated the
diffusion coefficient from the frictiomal resistance of the selvent fluid to the dissolved mole-
cules.
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“On the Fundamental Electromagnetic Equations for Moving Bodies" (iYiber die elek-
» tromagnetischen Grundgleichungen fur bewegte Korper) (with Jakob Laub). Annalem
der Physikk 26 (1908): 532-54®. A correction to this paper was published later in the year in
vol. 27 (1908): 232, and a supplement the following year in vol. 28 (1909): 445-447.
Elaborating on the relativistic transformatiom of Maxwell's equations for vacuum discussed
in paper 8 above, Einstein also considered the displacement wector D and the magnetic induc-
tion B.

“On the Ponderomotive Forces Exerted on Bodies at Rest in the Eledtmearmagnetic
» Field" (Uber die im elektromagnetischen Felde auf runende lerper ausgeiibten poam
deromotorischem Krafte) (with Jakob Laub). Amnaden der Bhysik 26 (1908): s41~550.,

Einstein wrote papers 20 and 21 in a three-week period with jakob Laub, his first scientific
collaborater, to address the problems of formulating relativistically invariant equations for elec-
tromagnetic fiields in moving media, first raised by Hermanm Minkowski the year before. Laub
was also involved in making the corrections and writing the supplement,

. |
Efimsteinnis 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. Consequenitly, his am-
bitions to becorme an academic himself were finally fe-
dlized. Upen his appeintment as assoclate professor of
physies at the University of Zurich, to begin in Octobet,
he tendered his resigRations te the Patent Offlce and the
University of Berd. His starting salary at Zurieh, hew-
8ver, was the same 28 the salary he had Been earhing s a
patent elerl; & situatian he heped weuld seen ehange:

That summer, two days after submitting his resigna-
tion, he received his first honorary doctorate, from the
University of Gemeva (in his lifetime he would receive
approximately twenty-five such honors). Characteristi-
cally, he made light of the occasion, being the only man
to arrlve in a summer suit and straw hat, while other
dignitaries and reciplents decked themselves out lavish-
ly in their finest clothes of acadermie robes. In Oeteber,
he meved his family to Zuiich. Finding an apartment
was diffieult due to a heusing shertage eaused by a laber
strike that lasted several years.
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Milleva was hesitant to leave Bern and became increas-
ingly insecure about Allbert’s fame and its effect on the
family. He was often called away from her and Hans
Allbert. 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 Allbert 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 Allps. The excursion seemed
to mend some romantic fences: by the end of October,
shortly after Eimstein assumed his teaching duties at
the University of Zurich, Milleva was pregnant again.
As her pregnancy advanced, Eimstein became engrossed
in teaching a course in mechanics and another course in
thermodynamics and presided over a physies seminat.

WOMEN AT LAST began to be admitted to Gesiman univer-

sities; previously, only selected foreign women had been
allowed to study there. It was still diffieult for women to
get postgraduate degrees, However.

Sigmund Freud came to the United States to lecture
on psychoanalysis. Amesican Robert E. Peary reached
the North Pole, and the first comemerelal manufacturing
of Bakelite marked the beginning of the Plastic Age. 1n-
candeseent lights were used for the fifst time in autome-
bile headlights, replacing earbide Harae jets.

German chemist Fritz Haber developed the first com-
mercially important high-piessute chemical process to
synthesize ammonia from its elements. Meanwihile, Hans
Geiget, of Geiger counter fame, and Ernest Mafsden, ui-
der the direction of Ernest Rutherford, published their
paper describing how they seattered alpha partieles with
thin films of heavy metals, providing evidence that at-
efs have a diserete nueleus. Rutherford, whe had wen
the Nebel Prize in eheristry iR 968, began a systematie
theeretiea! investigation of Griger and Meradrims results,
as well as these of sifilar experiments with Beta partieles
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(electrons). These studies culminated in a classic paper
(i91t) 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 Hillbert’s work on in-
tegral equations established the basis for his subsequent
work on infinite-dimensional space, or “Hiillbert space.”
Matthematical investigations of quantum mechanics usu-
ally make use of the properties of Hilbert space. Hil-
bert had, in 1§66 at the Paris International Comgress of
Matthematicians, proposed twenty-three mathematical
problems—which came to be known as “Hiillbert 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 Wiilhelm 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 Gugflielmo Mar-
coni and Carl Ferdinand Braun for their contributions to
the development of wireless telegraphy. Braun had modi-
fied Manconi’s transmitters, significantly increasing their
range and usefulness.

€€ "On the Present Status of the Radiation Problem” (Zum gegenwartigen Stand des

Strahlungsproblem). Physikndische Zaitsshrift 10 (1909): 185-193. In anether artisle of
the same title published in the same volume, pp. 323-324, Einstein and Walter Ritz summa-=
rize their differences on the radiation problem.

Responding to papers published by H.A. Lorentz, James jeans, and Walter Ritz the preceding
year, in which they discussed their respective opinions on the radiatiom problem, Einsteim elab-
orated the concept of the “statistical probability of a state” first introduced in paper 6 above.
The novelties in this paper are the two arguments for the existence of light quanta based on the
analysis of fluctuatioms in black-body radiatiom. After making his first-knowm attempt to find a
fieltl theory that would explain the structure of both matter and radiation, Einstein admitted
that he had not yet succeeded in flindinsg a system of equatioms for both. This attempt was a
forerunner of his later search for a unified field theory.
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“On the Development of OurViews Concernimg the Nature and Constitutiom of Radi-

» ation”(Uber die Emtwicklung umserer Anschauungen iiber das Wesen wnd die Kornsti-

tution der Strahlung). Deutsche Physiktidisehe Gesalsihiaft=Verfomgemgen 7 (1969): 482-500. Alse
published the following month in Physikiidibehe Zaitsulifift 10 (1909): 817-828.

Einstein had presented this lecture in September to a meeting of the physics sectiom of an
associatiom of German scientists and physicians held in Salzburg, Austria, the first such confer-
ence he attended. He masterfully summarized his views on radiation and for the first time pub-
licly linked his work on relativity and the quantum hypothesis. This is the first synthesis show-
ing the profound changes in the concept of light brought about by the theory of relativity and
the important implications this change would have on the development of physics. He reiter-
ated that light has an independent existence, just like matter.

Eiimstefin’s fame continued to grow throughout Europe
as he published his ideas and review articles, taught his
courses, and delivered lectures to scientific audienees.
Not surprisingly, many institutions beeame interested
in having hifm en their faeulties. In the spring, he was
proposed for a ehaif iR theeretical physies at the Get-
fan University ef Prague. His eonsideration of the offer
prompted his enthusiastie and leyal students te petitien
the effieials in Zwrieh 6 enesurage Rim 8 stay and of-
fer him 2 raise. Perhaps HResnvineed that the sffered in-
erease of one theusand Swiss franes Per year was engugh;
Einstein traveled 18 Vienna in the early fall 18 disedss
the Prague 2ppointment with the HabsBurg AhaHIes:
EVen theugh Etnstein was not 2 Brilliant teacher, fis
stdents 8HJ8§SS RS dowR-ta-carth sgnggmah Y 1 de-
fand were ARt Ris iSSIHHHg sklls Bt Iz ereative ideas
and RIS aBilty 18 engage RIS stidents In IRGHAl seien-
HHE sctatizing:

The year had already been full of family milestones.
Einsteiin’s sister, Maja, had married Paul Wiintelet in
Mairch, Mijkwa's parents had come to visit in the sum-
met, and in July his second son, Edward (“Tete,” or Ted-
dy), was born. Such events were now taking second place
in Eimsteiin’s life behind his scientific and professional
pursuits. Milleva complained, “Wiith that kind of fame he
does not have much time left for his wife.”
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Halley’s comet whijps by the
earth.

RNEST RUTHERFORD"S investigations into the scattering
f 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 almest the whole mass of the atom and its
positive eharges are coneentrated in a minute space at the
eenter. He published his findings the follewing 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. Thiiiteen years later, he and his French com-
pany intredueed the first neen signs to the United States,
Beught by a Packard aute dealership in Los Angeles.

Thomas Hunt Matgan proposed the gene theory of
heredity. He would receive the Nobel Prize in physiology
and medicine in 1§33 for his discoveries of the role played
by the chromosome in heredity.

Tihe 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. Tie chemistry
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prize went to Otto Wallach of Germany in recognition
of his services to organic chemistry and the chemieal
industry through his pioneering work in the field of ali-
cyclle compounds.

@A “The Principle of Relativity and Its Consequences in Modern Physics”(Le Principe de
& vw relativite et ses consequences dans la physique moderne). Archives des sciences piiy-
siquees et natursdbles 29 (1910): 5-28 and 125-144.

Published as two separate papers in the same jourmal and translated from the Germam by
Edouard Guillaume, this work is a general survey of the history and essence of the theory of rel-
ativity and its applicatioms. In a letter to Jakob Laub of August 27, Einstein stated that the work
did not contain any new insights, that it “merely comprises a rather general diseussion of the
epistemological foundations of the theory of relativity, ne new views whatserver, and almest
nething that Is quantitative.”

“On the Theory of Light Quanta and the Questiom of the Localizatiom of Electromag-
= metic Emergy” (Sur la theorie des quantites lumineuses et Iz question de la loxaii-
sation de l'energie electromagnetiqus). Ardliiees des sciences physiqees et natuedies 29 (1916):
§25-528.
Einstein presented this paper in May at a meeting of the Swiss Physicall Society in Neuchatel.
Much of it is based on his earlier work on the quantum hypothesis, which cannot be reconciled
with the accepted theory of radiiation.

“On the Ponderometive Forces Acting on Ferromagnetic Conductors Carrying a Cur-

= nent in a Magnetic Field® (Sur les forces pomderomotrices qui agissent sur des com-

ducteurs ferromagnetiques disposes dans un champ magnetique et parcourus par un cou-
rant). Archives des sciences physiques et naturetitles 30 (1910): $2$-324.

Einstein presented this paper to a meeting of the Schweizerische Naturforschemde Gesell-
schaft in Basel on Septemiber 6, 19n0. He discussed the question of a ponderomotiwe force exert-
ed on a ferromagnetic substance in the presence of an external magnetic field, coming up with
the only expression that satisfies the principle that action equais reaction.

“On a Theorem of the Probability Calculus and Its Applicatiom in the Theory of Ra-
» diation™(Uber eimen Satz der Wahrscheinlichkeitsrechnung und seine Amwendung im
der Strahlungsthearie) (with Ludwig Hopf). Amaden der Physik 33 (1910): 1096-1104.
Einsteim wrote this paper to show that the failure of statistical mechanics vis-a-vis the radia-
tion law cannot be ameliorated by proposing that individuall statistical events should not follow
the usual law of independence instead of assuming a certain interdependemce between them.
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“Statistical Investigation of a Resonater's Motion in a Radiation Field” (Statistische
= Untersuchung der Bewegung eines Resonators in einem Strahlungsfeld) (with Lud-
wig Hopf). anreaken der Physik 33 (1910): 1m05-1115.
The authors make use of the results in paper 27, demonstrating that the Rayleigh-jeams law
of radiation is an unavoidable consequence of statistics, even if we avoid assumptions that we
may think need correction. In other words, we cannot blame statistics for a faulty resuit.

“The Theory of Opalescence of Homogenmeous Fluids and Liquid Mixtwres near the

» Critical State® (Theorie der @paleszenz von hemogenen Flussigkeiten und Fiissig-

keitsgemischen in der Nahe des kritischen Zustamdes). Anrdan der Physik 33 (1910): 1275~
1298.

Einstein explained the optical effects that occur near the critical point of a fluid (at which
liquid and gas phases can coexist) and of a binary mixture of liquids, which can also explaim the
blue color of the sky. Adding to earlier studies that provided evidence for the atomistic constitu-
tion of matter, this is one of his most difficult papers to understand.

e
In early January, Eimstein received the news that Emper-
or Franz Jeseph of the Austro-Hungarian (Habsburg)
Enmpiite had officially appointed him to the chair of the-
oretieal physles at the Gesman University in Peague, ef-
fective in April. Einstein would also be the director of
the Institute of Thewiekical Physies, a highly prestigious
pesition. He would teach eoutses in meehanies and ther-
medynamies hat year and lead a physies seminar. The
salary was abeut twiee the ameunt the Swiss eauld atfard
tg pay, making #his a pesitien Eimstein eould net A
dawn. Later that menth, he sent Ris letter of resignation
i8 the Zurich efficials: At the end of Meneh, he meved
Ris family t8 the eharming eapital eity.

Wiith the new salary, Allbert and Miilleva were able to
afford a more bourgeois lifestyle in a spacious apartment,
with enough room for a mald. Still, Milleva was not hap-
py with the move, as Prague was known to be home to
a snobby and pompous society that looked dewn their
fnoses on all but the Germans. Milleva started to show
signs of serleus deptession, a conditien that had plagued
other membets of her family. Laker, when Edlward en-
tered adultheed, he was diagnesed with schizephrenia
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SS Titanic nears complettion.
More than fifteen hundred
people will die on its maiden
voyage.
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(until then known as dementiaprascox). Despite the Ein-
steins' more affluent lifestyle, the mood in the househeld
became increasingly gloory:

During 1911, Eimstein 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 these recomimending
hirm for the Poly pesition were Maiie Curie and the well-
knewn French matheratician and philesepher ef sei-
enee Henti Paineare, the ereater of tapelagy and faunder
of the mathernatieal theery of dynarie systems.

At this time, Eimstein first experienced the serious
stomach problems that would plague him threugheut
his life. Still, he became a regular visitor to one of the sa-
lons of the old city, run by Befta and Otte Fanta; forty
years later, their niece Johanna weuld beeeme an inti-
fate friend of Eisieims in Princeton. At the Fantas’,
young Jewish intellectuals gathered weekly t9 ehat absut
philesephy and seienee; Mueh a5 Einsiein had dene iA
earlier years with his pals in Bern. In Nevember he deliv-
ered 2 leeture at the first Selvay CoRgress, 3 congregation
of the werld's leading physieists; iR Brussels (see paper
34 belew). Einstein was the yeungest participant and Be-
eame aequainted with Makie Cure.

Einstein formulated his fiest 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.

| ARIE CURIE won her second Nobel Prize, this one for adi-
| Wiy ctaniistry by diiscouiing te eltaments reablium
and polonium. The prize in physics was awarded to Ger-
many’s Wiilhelm Wiien, recognizing his work on the laws
governing radiation, valid for short wavelengths.
Emnest 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-
§ g ung oh paper his investigations of 1910. Working under
Rutherford, Gemmamy’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 Relationship between Elastic Behavior and Specific Heat in Solids with a Mona-

= tomic Molecule® (Eine Bezielhung zwischen dem elastischen Verhalten und der spe-

zifischen Warme bei festen Korpern mit einatomigem Molekul). Annadan der Physik 34 (1911):
170-437744..

Fo supplement William Sutherlami's observation that infrared eigenfrequencies of solid bod-
ies possibly originate in the elastic vibrations of these bodies, Einstein added that electrically
gharged ions are the source of optical vibrations, whille elastic vibrations are caused by the mu-
tual motions of the entire molecule.

“The Theory of Relativity” (Die Relativitatstheoriie). Natutforsehdade Cestbisclitft in
wWilia Zurich. Vierteljarsschrift 56 (1911): 1-14.

Einstein presented this paper at a January meeting of the Naturforschende Ceseilschaft (So-
giety of Natural Scientists) in Zurich as a farewell lecture after resigning from the Umiversity
of Zurich to go to Prague. For the first time, he used the term relativity theory in a paper, hav-
ing earlier felt that relativitity principle was a more accurate descriptiom. In the expositiom of the
€oncepts and principles of special relativity, this paper is similar to paper 24 above, though it
is less technical.
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“Elementary Observations on Thermal Molecular Motiom in Solids” (Elementare Be-
w trachtungen iiiber die thermische Molekularbewegung in fiesten Korpern). Annaiben dier
Physikk 35 (1911): G7ip-694.

Here Einstein continued the work he had begun in 1907 on the specific heat of solids. The
heat agitation of solids was reduced to a monochromatic oscillatiom of the atom, and the specif-
ic heat was determimed based on the quantum treatment of an oscillator in a radiatiom field. He
explained the discrepancies between his formula and measurements at low temperatures.

“On the Influence of Gravitatiom on the Propagation of Light” (Uber den Einfluss der
= Schwerkraft auf die Ausbreitung des Lichtes). Annaiben der Physik 35 (1911): 8983-908.
Einsteim returned to his thoughts on gravitation and discussed his ideas on the static gravita-
tiomal field, advancing the “haif-shift” prediction. In early papers on the subject (see also papers
36 to 38 below), he used two important features: the principle of equivalence and the role of the
speed of light. In this paper Einstein took a broader perspective, saying that if a light beam is
bent in an accelerating frame of reference, then (if the theory is correct) it must also be bent by
gravity by the equivalent amount. His prediction of the bending of light by a gravitatiomal field
was one of the key tests of gemeral relatiivity.

“On the Present State of the Problem of Specific Heats” (Zum gegenwartigem Stande
w des Problems der spezifischen Warme). Paper presemted at the first Solvay Gangress,
Novemiber 3, 1911 Published later in Arnold Eucken, ed., Dierfbedeie dersStanlhgng und der Quam-
ten (Halle a.s.: Knapp, 1914), $30-352.
In this report to an internatiomal congress, Einsteim elaborated in detail his multifaceted
ideas involving the theory of quanta.

|
Einstein began to prepare a manuscript—as a contribu-
tion to a handbook on radiology—teviewing what lat-
er came to be called the “special theory” of relativity (to
distinguish it from the 1915-16 “general theory”). It took
him twe yeats to finlsh the work, but then World War 1
intervehed and interrupted its publication. The editer
asked him te revise and update the werk several years
late¥, but at that peint he was tee busy: It was finally pub-
lished in velume 4 ef The Collesied PapatssyAlberk FKivp-
stgin and gives valuable insights inte Ensieims ideas en
Felativity until that time.
In late January, Einsteiims appointment as professor
of theoretical physics at the Poly (since 19ti known as
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Revolution sweeps Mexico.
Peasants rebel under Pancho
villa and Emiliano Zapata.

the Federal Institute of Technology, or Eidgenossische
Technische Hochschulke—ETH) became official, amd! iim
July he and the family happily left Prague to move back
to Zurich. Before he moved, Eimstein traveled to Berlin,
where membets of the extended Einstein family were
living. He paid his respects to his aunt and uncle and
beeare reacguainted with his eousin Elsa, whor he re-
merbered fram ehildheed visits. Elsa, three yeats old-
ef than Alipert, was new divereed and had twe daugh-
ters: llse, whe was thirteen, and eleven-year-old Margot.
EfRa’s and AlBRrS methers were sisters, and their fathers
were Hrst eausins: Eisa, with her light Blue eyes and sin-
Ry and e ggelﬂg Hl§pe§ﬂéleﬁ was the total eppesite of
Heva, and Einstein was immediately attracted 18 fhe
vital and SHQFF@HS weman. He refurned 18 Prague and
BE%%H 3 SECHEL COrFrespandence with Rer, which copHp-
ued after he and Mideva maved Back 18 Zurich. Mileva,
MmeaRwAIle, wrate 18 friends that she was ﬂﬁ%ﬁ?{r 18 e
Back in Z4tich and sway fram the UAR l%HiE 4 588
%Hi%’ﬁ% oF Bragye, Which had had adverse effeets 8
et %h 183 %88 %] ' ﬂ%r HsBand; she &9n-
Esse L T 5 8¢ UMbt 1
I ke s

Though Enmrstem en)oyed 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. Eimstein 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, Milkevas home-
land, began the First Balkan War, causing Milleva con-
cern for her friends and family in Belgrade.

ENSTEIN'S FRIEND Mlax von Laue obtained the first dif-

raction effects by letting x-rays fall on a crystal, causing
Wiilliam 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 1§14.

Carl Jung conceptualized and used the terms dntro-
wert and extrovert when he published his Theory of Psy-

is.

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 accumulatoes for illuminating
lighthouses and buoys. Tihe prize in chemistry was di-
vided between two Frenchmen: Victor Grignard, for dis-
covering the “Guignard 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.

“Thermodynamiic Proof of the Law of Photochemical Equivalence” ((Thermmodyna-

wwra mische Begrundung des photochemischem Aquivalemtygesetzes). Anrddan der Physik 37

(1912): &52-838.
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Einstein presented a continuatiom of his earlier work on the interaction between light and
matter and on photochemiical processes but made no use of the quantum hypothesis. He dem-
onstrated how “the law of photochemiical equivalence” is deduciible by purely themmoedynamic
arguments if one makes certain plausible assumptions. He wrote a supplement to the paper five
months later in the same journal.

“The Speed of Light and the Statics of the Gravitatiomal Field” ((idhgesdvwindig-
» keit und Statik des Gravitationsfeldes). Annalen dier Physik 38 (1912): 3555-369.
Further exploring his studies of gravitation, based on the equivalence principle, Einstein saw
with growing clarity that gravitatiom is intimately linked with the problem of space and time.

Q7 “On the Theory of the Static Gravitatiomal Field"” (Zurfewnrie des statischem Gravita-
wil o tionsfeldes). Anretden der Physik 38 {1912): 443-458.

Einstein more closely analyzed the equations of motion stated in paper 36, conciuding that
those equations cannot be reconciled with the given field equatioms for ¢ because the principle
of “action equals reaction” is violated. He modified the field equation for c. This paper includes
the first rudimentary statement of the “law of the geodesies,” which was important in the final
formulation of the gravitation theory.

“Is There a Gravitational Field That Is Analogous to Electrodynamiic Imductiom?*(Gibt
» eseine Gravitationswirkung, die der elektredynamischen Imduktionswirkung Amaleg
tst?). Viertjohsssaftiftdiiagpoiehtliche Matlizin 44 (1912): $7-40.

This paper shows the first steps that Einsteim took to go beyond his static theory as he pro-
ceeded systematically from the special to the more general theory of relativity. it may be sur-
prising that he wrote this paper for a forensic medical journal, but this was no doubt because
of the influence of his friend, Heinrich Zamgger, the department head and professor of forensic
medicine at the University of Zurich. Einstein did attend conferences at which doctors were
present, such as the Society of German Scientists and Physicians in Septemiber 1911 in Karls-
fuhe, where he had taken part in discussioms following several lectures.



Demanding the right to
vote, suffragettes march on
Washington, D.C.

The Einstein marriage continued to deteriorate as Mile-
va became incapacitated by dreadful pain in her legs. Net
to be distracted, Allbest kept busy with work on his new
gravitational theory and tried to aveid thinking abeut
Elsa. He had stopped correspending with her for nine
renths but resurned writing after she sent him a Birth-
day letter. Laker in the spring, he and Midleva managed to
fake time for a trip to Paris, whete AllbRrt gave a leeture
and the eauple were heuseguests of the widewsd Marie
Curig, Row the Relder of tws Nepe! prizes.

In late summer, Allbert and Milleva went to the En-
gadine Valley of the Swiss Allps with Cutie and her
daughters. Miilleva was unable to hike with the othets but
enjoyed the fresh air and scereey. In Septembet, the Ein-
stelns took the boys to see their grandparents in Hunga-
£y, where Hans Allbert and Edward were baptized in the
leeal Serbian Orthedex ehureh at Milkvas reguest. Their
father, whe had ne interest in erganized religion of any
kind, did net attend the baptism. The Einskeins went en

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

Eimstein published a paper on general relativity theory
with his friend, mathematician Marcel Grossmanm, as
coauthor. Eimstein 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-esimblished Kaiser Wiillhelm Institute of
Physics. He accepted the offer.

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

N THE WORLD OF SCIENCE, Niels Bohr formulated his
theory of atomic structure in his classic paper, “On the
Comstitution of Atomms and Malkcules.” Thiis was the
fiest exposition of the theory of quantum mechanics, and
in it Bohr viewed atoms as similar to the Sun and plan-
ets, with the nueleus at the eenter and electrons orbit-
ing areund it. Boht explained that the atom absorbs and
efits energy by leaping frem ene orbit ta anether with-
8ut traversing the spaee in between. Mikamwihille, Oxford
physieist Henry MRzRiey iHV€§H%§E@€ the x-ray speetra
of the elements. Sadly, he was killed in aetien 1 1913 at
ealiipol

French physicists Charfes 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 milllons of years, played a significant role in the evo-
lution of life on Earth by protecting our planet from the
damaging ultravielet rays of the Sun.

Allbert Schweitzer, a future Eimstein correspondent
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and someone whom Eiinstein admired, opened his hospi-
tal in the French Congo at [ambarene to bring modern
medical care into the Affriican 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 lig-

Work on the Panama Canal uid helium. Kamerlingh Onnes, who was on friendly

begins. 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.

Qo “Thermodynamiic Deduction of the Law of Photochemiical Equivalence” (Deduction
WaEa thermodynamique de la loi de l'equivalence photochimique). Journal de physigee 3
(1913): 277283,

This is a published version of a lecture Einsteim gave to the Societe Frangaise de Physique at
the end of March, dealing with the topics covered in the supplement to paper 35 above.

Outttine of @ Gemseitized Theary of Relutiitity and of @ Theasy of Gravitation (Entwurf einer
= verallgemeinerten Relatiivitatstheorie und eimerTheorie der Gravitation) (with M-
cel Grossmann). Leipzig: Tewbner, 1913.

In this book, Einstein and Grossmann investigated curved space and curved time as they re-
late to a theory of gravity. They presented virtually all the elements of the generai theory of rel-
ativity with the exception of one striking omission: gravitatiomal fiell equatioms that were not
generally covariant. Einstein soon reconciled himself to this lack of general covariance through
the “hole argument,"whiich sought to establish that generally covariant gravitatiomal fieid equa-
tions would be physically uninteresting. Einstein did not adopt the gravitatiomal field equations
until late in 1915 in his final formulations of the general theory. Here, Einsteim contributed the
physics and Grossmann the mathematics. Wihen Einstein moved to Berlin in 1914, his and Gross-
mam's collaboratiom ended. Also see paper 44 below on the hole argument.

A1 “Physical Foundatioms of a Theory of Gravitation” (Physikaliische Grundlagem einer
¥la Gravittationstheorie). Lecture given on September 9, 1913, to the Ninety-sixth Am-
nual Meeting of the Schweizerische Naturgesellschaft (Swiss Society of Natural Scientists)
in Frauenfeld, not published until the following year in Neturforschende Cestbisuifaft in Zouich.
Vietedkjalssshekivift §8 (1913): 284-296.
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In this talk, Einstein gave a concise and clear presentatiom of his gravitatiomal theery. He em-
phasized the physical content and omitted the advanced mathematical details, discussing the
evolution from special to general covariance and showing that the gravitational equations re-
main outside the framework of general covariance,

A "On the Present State of the Problem of Gravitation” {Zum gegenwartigem Zustande

"faw des Gravitationsprablems). Physkkidische Zeitsahrift 14 (1913): 1249-1262,

This is the published version of the lecture Einstein gave at the Eighty-fifth Meeting of the
Geselischaft Deutscher Naturforscher und Arzte (Congress of German Natural Scientists and
Physiciams) in Vienma on Septemiber 23, 1913. In addition to discussing his own work, particu-
larly paper 40 above, he covered Gunnar Nordstroms scalar theory, a serious competitor to Ein-
steim’s theory. He concluded that only experience could show which of the two was correct. Fur-
ther discussion by participants followed the talk.

“Max Planck als Forscher” (Max Planck as Scientist). Die Natuwisssensshaften 1 (1913):
» 1077-1079. See also The Colkerted Papers of Albent Einstein, vol. 4, Wiitings, 1912s19%4,
561-563.
Einstein wrote of German physicist Planck as an artist as well as a scientist, explaining that
his scientific achievements show artistic creativity. He would write about Planck again in 1918
on Planck’s sixtieth birthday and on the occasion of his death in 1948.

R
At the dawn of World War I in Europe, Einstein began
his “Betlin 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 experimentallly. 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 ameng
thern i his inaugural lecture to the Prussian Acaderny of
Seiences in Berlin:

Before the family moved to Betlin in April, Einstein
had continued his relationship with Elsa by mail, and
now, with his presence in Berlin, they became even more
involved. Though Miileva 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 Willmersdorf section of the city at his
pleasure. Fimally, in late July, Milleva 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 Eimsteiin’s
life, war broke out in Europe that summer, shortly af-
ter Miileva and the children had left Gemmmemny. After the
assassination of Archduke Francis Ferdinand by a Ser-
bian teenager, Gavtilo Princip, Austria and Germany
demanded that Serb terrorists be brought to justice, but
Serbia and its allies refused. Austria dieclared war on Ser-
bia, and Germany declared war on Setbia’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, Eimstein 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 1§6. As history has
proven, none of Elinstieiin's appeals worked. He missed his
children and worried about them, but he also knew they
were safer in neutral Switzerland than in Germany.

GROUP OF GERMAN astronomers went to Russia to ob-
serve the total eclipse of the Sun and test Eiinsteiin’s new
theory of gravity. But World War I erupted on the day of
the eclipse, and the Gesian scientists were imprisoned.
Robert H. Godidiard, 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, Eimsteiins good friend, for having ob-
served that x-rays can be diffracted by sdllidis. Even before
this honor, Eimstein had.considered Laue to be one of
Germamy's most talented young theoreticians, and Laue
was one of a handful of Gemman 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.

A A “On the Foundatioms of the Generalized Theory of Relativity and the Theory of Grav-
I“Fe itation” {Prinzipielles zur verallgemeinerten Relativitastheorie und Grawittations-
theorie). Physkitidésehe Zeissohifift 15 (1914): 176-180.

This is a detailed exposition of the hole argument, which implies that the metric tensor
cannot be uniquely determimed by generally covariant field equations. Thiis argument is impor-
tant in reconstructing Einstein's early understanding of the relationship between the coordi-
nate descriptiom of a spacetime manifold and its physical properties. Einstein replies to Gustav
Mie's criticism of paper 40 (above) by repeating all relevant details and the solution obtained
in the earlier paper.

AT  “On the Theory of Gravitation” (Zur Theorie der Gravitatiom). Naturfacseheade Gesedlr
a0 u schuift in Zuiioh. Vienstkjohssschrift 59, part 2, Sitzumgsberichte (1914): 4-6.

This is the printed version of a farewell lecture given to a meeting of the Naturforschende
Gesellschaft (Society of Natural Scientists)) in Zurich on February §, 1914, shortly before Ein-
stein left for his appointment in Berlin. Einsteim reviewed the theoreticall aspects of gravitation
theory and concluded that there are only two possible versions: Nordstromi's scalar theory or the
Einstein-Grossmanm theory.

AL “On the Relativity Problem” (Zum Relativitatsproblem). Scientia 15 (1914)): $37-348.
8la Einstein made general references to the unsuccessful search for effects of the earthi's
motion.,

l|>',‘ “The Formal Foundation of the General Theory of Relativity” (Die formale Grundlage
Wil w der allgemeinem Relativitatstheorie). Koniglich Preusiisthe Alaithende der Winseseschigfiten
(Berliin). Sitzurgstberichte (1914): 1656-1685.
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According to John Norton (“How Einsteim Found His Field Equatiimnts”), this major review ar-
ticle was intended to convey the full content of the 1913 “Entwurf” theory (paper 46 above):
“The principal novelty lies in the mathematiicall formulatiom of the theory. Drawing on earlier
work with [Marcel] Grossmann, Einstein formuiated his gravitatiomal fielil equations using a
variation principle. Using this richer mathematiicall structure Einsteim offered a proof purporting
to demonstrate that his theory had the maximum covariance compatiible with the hole argu-
ment; that is, covariance under jjustiified' tramsformatiom between theadapted coordinate sys-
tems'he had introduced with Grossmann.®

“Covariamce Properties in the Field Equations of the Theory of Gravitatiom Based on
» the Generalized Theory off Relutivity” (Kovarianzeigenschaften der Freddgdesctumgen
der auf die verallgemeimerte Relativitatstheorie gegriindetem Gravitatiomstieoni) (with
Marcel Grossmann). Zeitsolifift fiimineheniatik und Physik 63 (1914): 215-225.
To increase the inner consistency of the theory expounded in papers 40 and 47 (above), the
authors apply an action principle for deriving the field! equations farrg.

MA@ "naugural Lecture: Principles of Theoreticall Physics” (Antrittsrede). Komigglich Preus-
WWha  sisthe Akabenie denMiéssedschaften (Berlin). Sitzumgsberichte (g 732-742.

In this speech before the Prussian Academy of Sciences, Einsteim thanked the members for
welcoming him into an academy where he could devote himself exclusively to research (he had
no teaching responsibilities herej. He also discussed how a theoreticiam conducts his work, giv-
ing relativity theory as an exampie. Einstein resigned from the academy in 1933 after the rise
of the Hitler regiime.

“Contributioms to Quantum Theory” (Beitrage zur Quantentthewriie)).. Deutssbhe Phyryska-
w listhee GesubisutinfteMantiamdhngen 16 (1914): 8xap-828.
Einstein attempted to derive Planck's radiation law and Waither Nermst's third law of ther-
modynamiics in a novel manmer, based entirely on thermodynamiics. The proofs introduced the
quantum Mypothesis.

a. “Manifesto to the Europeans” {(Aufruf an die Europaer). October 1914. With Georg
Nicolai and Wilhelm Foerster.

In Eirldteqtd ARt WHBIR Betpiet on a nonscientific topic, he responded to a manifesto in
whiRHE ey tHieh eupH ATEMeRtuats a@ RTEised isdtdefentied TOANGACTRiary8EtssHS TR
BlhisperipeheBegnARTEBR WORHaWARIS TR astinterAdndfdeny! s CaFaTREd Y BUYi A Py s
G PSR PREFESBINGITA i 08! 4t hysiBid P RIS RIEIET AP Si grrid oy B R eifiS IN iR BYS;
EGersEdld JH@ BEE8"BREKY THSUh 30 D AWAPERRYI R EPILed! 50 Wad PO SIS YdEIRtIF R 7N it Al
fiRgGaelc oA R PHBUR by NItdlall PHBINIOE Y of Far Al thaatith AREROBHHRHS EoMYidRHdRike:
I3 CHAFLERN At MBARK B alHEQ o BeBiElmg Th Wah LA dgakionalist Germans considered Nico-

lai a traitor, and he was barred from teaching in January 1920.



ACLU founder Elizabeth Gurley
Flynn on trial for Inciting strik-
&rs to vielenee

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 dellvered four lec-
tures to the Prussian Acadery of Sciences summarizing
his results. His wetk and his affair with Elsa wete now
Blinding him te the respensibilities of fatherheed, and
his sens, partieularly Hams Allbet, were begiRRing te fe-
sent him and his eften-whneasenable demands ef them:
He wanted tg see them iR ZurieR that summer, But they
Were away, s8 he vaeatisned on the Baltic Sea with Elsa
and her daughters. He did keep 4p his EB{E@?QBHQSHE@
with the Bays 2nd Mileya, Rawever. He visited e Bays
in SeptemBer and fesk Hans Albert 8n 2 hiking Hip.

In paper §4 (below), Eimstein 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 Relland,
whop Eimstein met in Septerber iR Switzerland, Ein-
stein favered splitting Gewmany iAte twe parts—Prus-
sia iR the nerth and seuthern Germany and Awstra iR
the seuth:

Eimstein was lecturing and publishing widely on rela-
tivity theoey. 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 aceount for the slow rotation of the otbital ellipse of
a planet. Using Riemamns nen-Buclidean geemetry and
highly nenlineat equatiens, Einstein was able t6 prediet
fadieally hew phenemena—the bending ef light areund
the Sun and the preeession of the periRelion of Miieuty.

Whhille Einstein was postulating his general theory of
relativity, the world became a frightening place as the
war swept over Europe. Eiinstedin's friend, chemist Fritz
Haber, was put in charge of Germanys chemical war-
fare and initiated the use of poison gas. Amotihet Einstein
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colleague, Walther Neenst, a board member and trustee
of the Kaiser Wiilhelra Institute, also became a leader
in Germany’s chemical warfare effort; both of Netrnst’s
sons were killed during the war. Subsequently, the No-
bel Prize in chemistry was won by Haber in 1§18 and by
Nernst in 1§20.

EM MY NOETHER, a German mathematician wotking at

the University of Gottingen, proved two mathemati-
cal theorems that were basie for both general relativ-
Ity and elementary particle physies. One is still knewn
a6 the Noether theerem, preving a relationship between
symmetry iR physies and eenservation prineiples. Net-
withstanding her great abilities and accomplishments,
Negther worked witheut pay as an assistant t8 David
Hillbert beeause wemen were Agt allowed en German
faeulties: Estein interceded oA her Behalf; praising her
a5 2 Brilliant mathermatician, and she was admitied 8 the
faculty=still witheut pay—in 1319; she fnally earned a
salary 1R 1923: At her deathh; EinRtein eulogized that she
Wwas “the mest significant creative mathermatical genius
thus far produced sinee the Righer edueation sk wamen.”

Alexander Giaham 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 Emglish father-and-son team of Sir William
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Henry and Sir Wiilliam [awrence Bragg received the
Nobel Prize in physics for their analysis of crystal struc-
ture by means of x-rays. The chemistry prize went to
Germamny's Richard Wiilktattter for his research on plant
pigments, especially chlorophyll.

QA ‘“Experimental Proof of Ampate's Molesular Eurrents” (Experimenteller Nachweis der
Ampereschen Melekularstrome) (with Wander J. de Haas). Deutsche Physikmdisshe Ge-
sehischafvelechaodjungen 17 {(1915): 152-170,

Considering Ampete’s hypothesis that magnetism is caused by the microscopic circular mo-
tions of electric charges, the authors propesed a design to test Lorentz’s theory that the retat-
ing particles are electrons. The aim of the experiment was to measure the torque generated by
a reversal of the magnetization of an iren eylinder.

“Experimemtall Proof of the Existence of Ampare's Molecular Currents” (with Wander
= ). de Haas) (in Emglish). Koninkiligke Akadeniée wan Wetensdipppen te Amstartam. Procee
ings 18 ((ns-16).

Einstein wrote three papers with Wander J. de Haas on experimentall work they did together
on Ampere's molecullar currents, known as the Einstein-De Haas effect. He immediately wrote
a correction to paper §2 (above) when Dutch physicist H. A. Lorentz pointed out an error. In ad-
dition to the two papers above, Einstein and de Haas cowrote a “Comment” on paper §3 later
in the year for the same journal. This topic was only indirectly related to Einsteini’s interests in
physics, but, as he wrote to his friend Michele Besso, "In my old age | am developing a passion
for exgenimentation.”

WI"My Opiniom on the War” (Meine Meinung iiber den Krieg). Writtem in @ctistier—No-
= Bvember 1915 but not published until the following year in Das Land Goethes 1914-1916.
StuttgaMeaRF BRI ISE R OHFRGS-AREHaTRE @i wing year in Das Land Coethes 1914-1916.
StaHBastatemdaft WasReHtteReféF dasstdnetaf patifotic commemoration,” to be published by
thd WaetdBONE LIVBE A TAMWRICA (WUHITENS oA UGHEISS B BERATP Ler fPaRCcARHENf thY
RIS OSE UGS EinSTeRf dibidPed BHERt REFTOS r86tEACHI R DI Getaitifed tuggrdssi0e
BB 2475 EHLSH e oA Tish e hYVTFHRS ABYER e LplaEI BNy iRiGHRRHEeAgaessive

tendencies of the male.” He upheld pacifism and rejected war under any circumstances.

EL 'On the General Theory of Relativity” (Zur allgemeimem Relativitatstheoriie)).. Koniglich
Preusiisthe Akatbenirie der Wissensichinften (Berlin). Sitzumgsberichte (1915): 778 -786. An
3ddendum was added a week later in the same journal.
This important paper on general relativity begins by recounting Einstein’s three-year search
fer the correct fiektl equations of gravitation. He concluded that “the magic of this theory will
hardly fail to impose itself on anybody who has truly understood it; it represents a genuime tri-
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umph of the method of absolute differential calculus founded by Gauss, Riemann, Christoffel,
Ricci, and Lewi-Civita.™

“Explanation of the Periheliom Motion of Mercury from the General Theory of Rela-
» tivity®(Erklarung der Renilvellbewegung des Merkur aus der alligemeinen Redatiiitiatis-
theorie). Komigitich Prewsiische Akatleniie der Wissenscifoften (Berlin). Sitzumgsberichte (1915):
831-839.
Einstein gave an astronomical confirmation of general relativity, using as an example the
perihelion advance of Mercury.

Equatioms of Gravitation"(Diie Feldgleichumgem der Gravitatiom)).. Kiniglich
I » Preussische Akatentie der Wissenschiaften (Berlin). Sitzumgsberichte (1915): &44-847.

Dropping a previous restriction, Einsteim rewrote his derivations of his field equations of
gravitation.

In the three papers above (§5-57), all published in Novemiber 1915, Einsteim explained his
new theory of gravitation and the mathematiicall generalization of the theory of relativity. He
concluded that, although spacetime in the special theory is geometrically flat, in the general
theory it is curved and includes gravity as a determinant. The seminal paper, however, was not
published until 1916 (paper 60 below). Paper §6, however, solved a longstanding problem in as-
tronomy and was one of the major triumphs of the general theory of relativity.

“Theoretical Atomism” (Theoretische Atomiistic). In Kultur der Gegenweart, edited by

» Pauwl Hinneberg, vol. 1, Physik, part 3, sec. 3. Leipzig: B. G. Teubner, 1915. Also see Tire

Colleceed Papess of Albert Einstein, vol. 4, 521-%33. Written in 1913, published in 1915 and again
in 1925 in a second ediition.

Einsteinm wrote that an increase in theoretical simplicity and comprehensiueness may be due
to a reduced numiber of fundamemtall concepts or to independent relations among the concepts.
He discussed the quantitative relation among the coefficients of viscosity, heat conduction,
and diffusion as established by the kinetic theory of gases.

. ___________________________________________|
Eimstein became chairman of the German Physical So-
ciety, a position he held until i918. Mare importantly,
his long-awaited detalls on general relativity were pub-
lished. From this time on, the 1§05 theory became known
as spesial relativiiay and the 1915 theory, which ineluded
the phenemenon of gravitation, as general relativitzy. The
general theory proposed to explain all laws of physics
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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.
Durring a year in which millions were killed all over
Europe and on the seas, Eimstein continued his pacifist
activities. World War I expanded, with Italy declaring
war on Germany and Genmany declaring war on Portu-
gal. Food became scarce and was rationed in Genmany.
Even so, Eimstein maintained his friendships with some
of those who were heavily invested in the war, such as
Fritz Haber and Walther Nernst.
In neutral Switzerland, Miilewa's health problems con-
Eduard and Hans Albert Ein- tinued to increase, and Eimstein became worried about
stein in 1916 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 SOMMERFELD of Gernmany modified Niiels Bohr’s

atomic model by specifying that electrons have elliptical
orbits. Austrian physicist Emst Miach, who had greatly
influenced Eimsteiin’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
Q@ GMY/(c?). Thiis 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 organizatiionis Special Fund for the re-
spective prize sections.

Eﬂ A New Formal |nterpretation of Maxweall's Field Equations of Electmedynamics”

(Eine neue formale Deutung der Maxwellschem Feldgleichungem der Elekurody-
Ramik). Koniglich Brewswoche Akadense der Wissesachraften (Berlin). Sitzungsberichte (1916):
184-188.
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N “The Feundations of the General Theory of Relativity” (Die Grundlage der aligemei-
WVwis nen Relativitatstheorie). Annadan der Physik 49 (1916): 76-822.

This long and seminal paper is the earliest complete exposition of Einstsin's general theory
of relativity, giving a comprehensive account of the final version of the theory after publication
of his latest revisions in the papers of November 1915. He presented the tools of tensor analysis
that allowed him to derive the general field equations for gravity as a property of mon-Euclide-
an spacetime. In conclusion, he discussed the thesry’s use in explaining phenomena such as the
bending of light rays in a gravitatiomal field, an achievement that helped to establish the supe-
rierity of general relativity over classical Newtoniam theory and thereby redefined the wniverse.
He wrote an addendum to this paper that was never published.

“Approximative Integration of the Field Equations of Gravitation” (Naherungsweise
VL. Integration der Feldgleichumgen der Gravitatiom). Komiggitich Prewsiisthe Alabente der
Wissansohiafoen {Berlin). Sitzumgsberichte (1916): 685-696.

“Emissiom and Absorptiom of Radiation in Quantum Theory” (Stnathlumgs-Emission
Vkaii und-Absorption nach der Quantentheorie). Deutsbhe Physikliische Geseldselafiert/ehimd-

lumgem 19 (1916): uB-323.

N "0n the Quantum Theory of Radiation” {Zur Quantemtiheorie der Strahlung). Physi-
Wl kalisnhe Gesaschift Zutinh. Miteritupgen 18 (1916): 47-6. Also published the following
year in Physkkidische Zeitsohrift 18 (1917): 121-128,

See paper 68 for desgription.

~,A “Elementary Theory of Water Waves and of Flight” (Elementare Theorie der Wasser-
wTlin wellen und des Fluges). Die Natuwisesenssheften 4 (1916): 509-510.

Einstein had lectured on this topic, in which he proposes an airfoil design, at a meeting of
the German Physical Society. On being placed in a moving fluid, a body may experience a net
upward force, enabling it to serve as an airfoil. In 1917, a Berlin aircraft finm tested the design,
which failed. A few months before his death, Einsteim admitted to Paul Ehrhardt, the test pilot,
that “I have often been ashamed of my folly of those days."

O™ “Ernst Mach.” Physkhidisehe Zeitsohirift 17 (1916): 101-104.

In this long eulogy for Ernst Mach, the natural philosopher who had greatly influenced
him, Einsteim praised him as an original thimker who had great influence on the epistemological
orientatiom of natural scientists. His “philosophical studies sprang from his desire to findl a point
of view from which the various branches of science ... can be seen as an integrated endeavor.”



Lenin’s address “To the Citizens
of Russia”announces the
formation of the Soviet Umion.

As the United States joined the war on the side of the
Alllies, Eimstein weote his first paper on cosmology, map-
ping out his first model of the universe. He assumed the
eosmos to be spherically symmetric, flat, and static.

Early in the year, Eimstein 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. Elisa was
enly too happy to take care of him, since he was now
eonveniently situated right across from her foutth-fleer
apartment iA the Sehonebery district of Berlin. By De-
eernber, he was ill again with an abdeminal uleef and was
esnfined to Bed fBr several menths.

In Zurich, Milleva was also ill, as was Eduard. Though
hospitals and sanatoriums were generally full in the
midst of war, both Milleva and Eduatd were able to gain
admissien te help in their recovery. Eiinstein wondered
whether he should bring Hans Allbet to Betlin but was
aftald of MilkvMa's respense to the suggestien, se the bey
stayed with family friends in Zuwieh during Milleva's
hespitalizatien. By new; Eimsiein was sending mere than
half of his salary te Mifva and the beys and additienal
funds t8 his ill mether, s8 e Began 8 werty absut his
ability te take care of everyene properly. Theugh many
pesple in Germany were literally starving and geed fasd
Was scarce, he was able 19 get feed fr8m his and El-
§as Felatives In southern exmany and from his friend
Hetarch Zangaet 1A Switzeriand. tn Ris letters; EiA:
stein ofien mentianed the fosd shortages in Berhin and
that, with RIS already semsitive digestive system, Hhis was
3 BLORiEM:

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

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

49
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N VIENNA, as Sigmund Freud wrote his Introduction to
Psychoanalysis, B riaabnbbeaamecoammiitted thhoaghhtlise
Balfour Declaration, to establishing a Jewish homeland
in Palestine, which had come under its control.

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

The Nobel Prize in physics was awarded to Charles
Glover Barkla, an Emgfishinan 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 Speiit| and the Gemardl Theasy of Relutiitity: A Popuidar Accommt (Uber die spezielle
» und die allgemeine Relativitatstheorie: Gemeinverstandlich). Braunschweig, Ger
many: Vieweg, 1917.

In this book Einstein presented a popular exposition of relativity theory. Finding it difficult
to write, he felt he had no choice but to do so if his theories were to be understood. The book
was a huge success, with fourteen editions appearing between 1917 and 1922—amnd it is still
available. Einstein made minor revisions in subsequent editioms. Translatioms into other lan-
guages followed, and relativity theory came to be more thoroughly understood throughout the
world.

“Cosmological Considerations in the General Theory of Relativity” (Kosmologische
s Betrachtungen zur allgemeinen Reletivitatstheorie). Koniglith Preussitsohe Akadenice der
Wissensohiafoen (Berlin). Sitzumgsberichte (1917): 142-152.

Einsteii's first paper on cosmology was published in the spring. He added a “cesmological
constant” in an attempt to balance the field equations of general relativity. it enabied him to
describe a universe that conformed to what he and everyone else now assumed: a closed and
static sphere that was coextensive with the Milky Way and would neither expand nor collapse
on itself; without the cosmological constant, unoppesed gravity would cause the universe to
eollapse. All of modern cosmology goes back to this paper, in which Einstein first applied general
relativity to eesmolegical questions.

Twelve years later, howewer, astronomer Edwin Hubbie, at Mount Wiilsom Observatory in Cali-
fornia, found that the galaxies were speeding away from Earth and that the universe is indeed
expanding. He proved what came to be known as the “big bang" theory, which had been pro=
posed by Georges Lemaftre, a Belgian Catholic priest and cosmologist who had studied physics
at MIT. Einstein, after meeting with Hubble at Mount Wilsom Observatory in January 193t (and
also with Lemaftre in Pasadena in January 1933), recanted the cosmological constant as the big-
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gest blunder (or words to that effect) of his life and publicly rejected it in paper 171 below. After
Einsteim heard Lemaftre speak about the details of his theory, he is said to have stoed up and
applauded, saying, “This is the most beautiful and satisfactory explanatiom of creatiom to which
) have ever listened.”

Recent experiments have shown that something is pushing everything farther apart and fast-
er than it did in the early universe, and scientists now believe that the cosmelegical constant,
known by the Creek letter lambda (A)), is the best candidate to explain it.

28 *On the Quantum Theory of Radiation” (Zur Quantenthesrie der Strahlung). Physika:
n lisshecfeisahrift 18 (1917): 121~-128.

A penetrating analysis of the properties of phetons, this paper alse shewed that Blapek's law
for thermal radiation sould be simply deduced from assumptions that cenform to the basic ideas
of the quantum theery of atemic structure, based on the concept of transition probabilities.
Einstein formulated general statistisal rules regarding the eccurrense of radiative transitions
among stationary states. In particular, he intreduced the pessibility of stimulated emission of
radiation, which is the principle behind the laser (light amplification by the stimulated emis-
sien of radiation).

N@ ‘“The Nightmare”(Der Angst-Traum). Berlinerdagebigtt, December 25, 1917.

wW e In this short article, Einstein addressed the questiom of whether the final exam admin-
istered before students could graduate from high school should be abolished. Einsteim was in
favor of discontinuing the exams, maintaining that they did not succeed in testing a student’s
knowledge and depended too much on short-term rote learning. He felt that the exam was use-
less as well as harmful—a teacher could judge students much better over the course of many
years than from one final exam, and students had nightmares preceding the examinatiom be-
gause their whole future rested on passing iit.

L. |
The bedridden Eimstein, too weak from his stomach
problems even to submit his own papers to the vari-
ous jouenals, enlisted his colleagues to do so for him. By
April he was feeling better and attended some profes-
sional meetings. In the fall, he ook on his normal teadh-
ing lead at the University of Betlin.

The Einstein-Maric marriage had no chance of sur-
viving, and in June Eimstein signed a divorce agreement
with Milleva. 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 Eiinstein formally
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Tsar Niichiolas il and his fanniily,
who would be ousted and later
executed during the Russian
Revolution
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to declare himself an adulterer and pay a fine for this of-
fense, plus court costs. The court forbade him te remarry
for two years, at least in Switzerland.

Just before the divorce was final, Eimstein went to Zur-
ich for a month to deliver several lectures and spend time
with Miilleva 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 Wiilhelm IT abdicated in Berlin and an armistice was
signed between Germany and the Alllies. A geeat toll of
casualties had been taken by both war and illness: an in-
fluenza epidemic swept the world, killing 26-4@ million
before it ended in 1918, while the war dead on both sides
numbered 8.§ million. All the Einsteins, even those who
were already weakened by illness, survived.

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

H'I‘ERMA“ WEYL in Gemmany produced, in his paper

‘Gravitation and Ellectricity,” 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 scientlsts to combine general relativity theery with
the laws of electromagnetisrm. Einstein, however, imme-
diately saw a serlous error in the paper, one that weuld
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result in the behavior of clocks being dependent on their
history. He wrote Weyl on April 1§: “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 Eimstein on this point for many
years, but Eiimstein 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 Mlax Planck won the Nobel Prize in
physics in recognition of his discovery of energy quanta.
Planck was Eimsteinis 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
aplot to assassinate Hitller. In addition, Planck’s first wife
had died five years before World War 1.

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

“On Gravitational Wiaves”(Uber Gravitationswellen). Komiglich Praussistiesfcdderizidaler
w Wissasshhfriter Bbbininp isnrugshectoteé (R B 514457
The existence of gravitatiiemal 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.

m “On the Foundations of the General Theory of Rellativity” (Prinzipielles zur allgemei-
nen Relativitatsthicooidy ) Aamatbm derPPipyiilc 55 (9983) 24442344,

7O  “"Motives for Research” (Motive des Forschens). In Zur Max Mianbis s adtigiyebete bstsits-
B &un gy Keatlsuhe: C. . WMilltarsdie Hidtwudthant g, 1918, Repiinded iim Misin Wikildd
11934) and ldessankDPiilion] 19§3%).

This paper was based on a lecture that Einstein delivered in Berlin as part of a special ses-
Sion of the German Physieal Society in honor of German physicist Miax Planck’s sixtieth birthday.
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Plianck, a professor of theoretical physics at the Umiversity of Berlin, is best known for his quan=
tum theory of 1§66, the basis for the modern development of atomic physics. Hiere Einstein de-
scribed Planck as a rodel scientist, whose daily efforts an tahalf «f science corme firom dive Hheart
and not from any other metivations.

78 “The Law of Emergy Conservation in the General Theory of Relktivity” (Der Energie-
= satz in der allgemeinen Relntiivitatstheorie). Keriglich PrassssishaetkieddevaideddVisissen-
schafliem( BRekim) Ssteangsbtesiidiiee (10 8y 448844589,

A “Dialogue on Oljjections to the Theory of Rellativity” (Dialog uber Einwande gegen

“#a die Reliativitatstheorie). Die Wertumisssendofrbies G198 95976202,

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

I “On the Need for a National Assembly.” November 13, 1§18. Published in Nathan and

Wa Nerden, 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 prommoting 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 commumist.

“To the Society ‘A Guaranteed Subsistence for All"" (An den Verein ‘Allgemeine Nahr-
o pfiicht’). December 12, 1918. Umpuiblished, but see The@dlbectdd®Gaparsfofibtre fikiratein,
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 Pepper 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.

|
The year 1919 was a watershed in Eiinsteiins personal life:
he divorced Miileva; he married Ellsa, 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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President Theodore Roasevelt,
here seated in his rocking chair,
dies in 1919.

Beginning the year tumultuously, Berlin experienced
the left-wing and ill-organized “Spartacist uprising” ear-
ly in January and the murder of its Commmumist leaders
Rosa Luxembourg and Karl Liebknecht on January 14.
Ejinstein was iR Zwrich at the time, getting ready to de-
liver his first eyele of lestures as a visitor at the Univer-
sity of Zurieh.

Early in the year, Eimstein moved across the hall into
Elka’s apartment, where he was given his own room and
study. In February, ironically on Valentine’s Day, he and
Milleva wete formally divorced, with the divorce decree
stipulating that any future Nobel Prize moneys would
ge to Milleva te suppert the boys. Allbert and Elsa were
thus free to marry in June. The ebligatory two-year wait-
ing peried set by the Swiss judge was Ret enferceable
iR GremaRy. By new, llse was twenty-twe yeass eld and
Margot was twenty, and Beth ysung wemen continued
fo live with the Einsteins, aleng with Einsieins methers
sister, Fanny (whe was alse Elsas mether), and Brather,

JakeB. Bnly gne year earlier tise had confided 8 family

friend Eeerg Nicolal, 2 physician and pacifist; that Ein-
stein had propesed marriagde 18 her—Wwith her Mathers
knowledge—ut that she fad turned Rim dew, § mg
that her [3ve for RiM Was mare like that F8F 3 Fther Hha
foF 3 prospective spoHse:

Just four days before the wedding on Jume 2, a British
scientific expedition to the island of Principe off the West
Afirican coast, led by Sir Arthur Eddington, England’s
foremest expert on Eimsteiin's theory of general relativ-
ity and director of the Cambridge Obsefvatory, measured
the bending of starlight by the gravitational field of the
Sun. A phetegraph of the total solar eclipse bere out Ein-
steins theery that gravity would bend light. Eiinstein be-
eafme awerld eelebrity after the Reyal Seeiety anneuneed
the findings in Nevemiber. Because the theary was se dif-
fieult te understand and explain i neAseientifie terms,
it beeame all the mere mysterieus, adding te the myth
that enly Einstein esuld see a difensien t6 the universe
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The Boxer Rebellion in China,
begun in 19006, leads to the
trial of rebel leaders.
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that was beyond almost anyone else’s comprehension. He
enjoyed his sudden fame and was jovial with reperters;
eventually, however, he began to retreat from the comme-
tion of lifelong celebrity.

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

ERNEST RUTHERFORD, 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 bedies has an
excess of electrons or protons, repulsion occurs, but if the
two bodies differ in their excesses, attraction oceurs.
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Francis Aston of Emgfland 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 Gemmany 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-cemtury physics but are not widely
known today. The chemistry prize money again went
into the section's Special Fund.

"7 “bé Gravitational Fields Play an Essential Role in the Structure of the Blementary
1 1« Particles of Miadter?” (Spielen die Gravitationsfelder im Aufbau der materiellen Ele-
mentarteilchen eine wesentliche Rolle?) Koniglich Preussiadie Akdearizieldet/Méissscisefiaften
(Berlin). Sitzungsberichte (1819): 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,

78 “Comment on Periodical Fluctuations of Lunar Lomgitude, Which So Far Appeared to
1 Qi Be Inexplicable in Newtonian Miechanics” (Bemerkung iiber periodische Schwankun-
gen der Miondlange, welche bisher nach der Newtonschen Mechanik nicht erklarbar schein-
en). Koniglich Preussisehe Akademie der Wissanschaften (Berlin). Sitzungsberichte (1919): 433~
436.

79 “ATést for the Generall Theory of Relativity™ (Priifung der allgemeimam Relativitats-
@ theorie). Die Natumwissensbhfbery T1(:81R)77676.

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.

OA “Time, Space, and Gravitatiom'TTimes (London), November 28, 1919,

Owia Witing at the request of the Timess, EifisstéinesypesssetihhisapppeetiationttoE Bigliartiaat]
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." Hie also discussed various theories and prin-
ciples in physics as they apply to the theory of refativity.

"lnduction and Dediuction in Physics”(Induktion und Deduktion der Physik). Berliner
» Toggbhied tD&ecaiber 2518 Immorinigediditionseecy 4.
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This article was part of a series of articles by prominent German scientists on the achieve-
ments of German science. Einstein warned that “the truth of a theory can never be proven, for
one never knows if future experience will contradict its conclusions.”

“Immigration from the East” (Die Zuwandkerumg aus dem Osten). Berliwer Tagabibtere,
w December 30, 1919, morning ediition.
Einstein spoke out against those who claimed that Jews coming in from easterm Europe were
responsible for Germamy's problems after the war.

“Leo Arons as Physicist” (Leo Arons ais Physiker). Soziiibistisehe Monatsiefte §2, part 2

» (1919): 1065%-10§6..
An obituary for a physicist whom Einstein admired for his political courage.

.
In February, Eiimsteiin’s mothet, who had come to live
with him and Elsa in Betlin because of her illness, died
at the age of sixty-two. He wrote to his frlend Heinrich
Zangger that “my mother died a week ago today In ter-
tible ageny. We are all completely exhausted.”

Anti-Jewish sentiment began to be seen in Berlin,
especially directed against Eimstein, the new celebrity.
Outtageous criticisms of relativity theory—wihich anti-
Semites dubbed the “Jewish science”—came partieularly
from Getfan physicists Philipp Lenatd and Johannes
Stark, beth of whom Rad won the Nobel Prize.

Eiinstein 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 Amwerican and British Quakess for
thelr efforts in feeding mote than a half-millien Ger-
man ehildren. By the end of the yea¥, the League of Na-
tiens was feady te assume a majer rele A hurmanitarian
felief efforts.

Einstein made lecture trips to Holland, whete 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 Bokhxs trip to Betlin in
Febtuary.

Adolf Hitler, at .the Hoflrauhaus in Mumich, pro=
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Allice Pawvl sews the thirty-sixth
star on the sufffrage rcafification
banner. Wiorren fimed i yggat o
vote in 1926.

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

Chaim Weizmanmn, a Polish-borm Ziomist leader
whom Eimstein later befriended, became head of the
World Zienist Organization. Weizmann would become
the first president of Israel in 1948.

N PHYSICS, Ernest Rutherford postulated the meutron,
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.

Tihe Nobel Prize in physics was awarded to Charles
Edovard 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.

“Uproar in the Lecture Hall" (mewspaper account containing a quoted explanatiom by

» Einstein). 8-Uhnsbemstblgtt, February 13, 1920.
Einstein had a policy of allowing students who were not registered at the university te at
tend his lectures. The student council protested his open-admissiom pelicy on behalf of the
paying students and heckied him during a lecture. Some claimed that the heckling was due te
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anti-Semitismn because many unregistered “students” in the audience appeared to be Jews fiom
eastern Europe who had immigrated to Berlin, but the student council, administration, ard
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“aneumd this time, but they were not published.

QF “A Confession" (newspaper report quoting a statement by Einstein). Israelitisches
wda Wockanblatt furr die Schuetiz, Septemiber 24, 1920.

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-Semitismm 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. “Amti-Semitism will be a psychological phenomenon so llong as Jews come
into contact with nomJewss—what harm can there be in thad?... 1 am a Jew, and I am glad to
belong to the Jewish people, even though in no way do I consitter tiem thie (luasam (Dress. .. Wy
confession is not meant to be malicious or unfriendly!”

8 Ether and the Theoty of Relativity (Ather und Relativitatstheorie). Berlin: Springer,
1§26.

Einstein’s lecture at the Umiversity 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.

“Propagatiom of Sound in Partly Dissociated Gases” (Schallausbreitung in teilweise
» dissoziiertem Gasen). Konigliath Preussisittee Akademie der Wissensdiaifern (Berlin). Sitz-
ungsberichte (1§20): 386-38§.
This paper is off the beaten track for Einstein, who dabbled with fluids (liquids and gases)
throughout his life,

88 “To the ‘General Association for Popular Technical Ediucatiion (newspaper report
= quoting a statement by Einstein). Neue fresecPPrssse] ulylp 241480 Dmonimig g didioion.
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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).
» Refliverogditatt, Jily 225, 15924, moomingeekittéon.
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" (Meiine Antwort. Uber die anti-rela-
a tivitatstheoretische G.m.b.H.). BerlinerTageblatt, August 27, 1§26, 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 Hill, 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. Quiside 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 campaigm against him
might drive him out of Germany.

“On the Contributiom of Intellectuals to Imternatiomall Reconciliation.” In Thoughts on
r Recondllzdion. New Yark: IReussdher Gessd | [grWisssenssttedfitlicher Varsim, 126,
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.

ﬂl') “Interview on Imterplanetary Communication.” Daily M&il (London), January 31,
1926. An indirect quotatiom is in New Yerk Tiiness, Feimuary 2, 1946.

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



Einstein in a New York motor-
cade

In the spring, Eimstein undertook a double mission om
his first trip to Amesica: a fund-raising tour on behalf oi
the Hebrew University of Rstisaliim and a wisit to Prifiee-
ten University in New Jersey to deliver a series of fout
lectures en relativity theery. Part of his metivation foi
the Princeton lectures was finaneial—te was strapped
for meney beeause of his many family ebligatiens, and
he was leekiﬂ% for finaneial reseurees fram abread duf-
ing the diffieult pestwar econemie situatien in Germany
He insisted that Elsa as_eem(aaﬂ{] Rirm Beeause of his past
health. Leading the Hip oA Behalf of he Zipisk and
Hebrew tniversity was furure fsraeli president Enaim
Weizmann, e Rew president of e WoHd Zionk
Organization and 2 British citizen.

Upon his arrival in New York, Einstein immediately
became popular as he joked with reporters and as city of-
ficials took him on a ticker-tape mototcade through the
city, In April, he gave lectures to packed auditoriums a
Columbia University and the City University of New
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Edidiie Ciootte throws a pitch

before being banned from the
game for life after his invelve-
menit 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 Whiite House to meet Presi-
dent Warren Harding. His reception in Washington was
fairly cool because of his connection with Gemmemy, as
Americans had not warmed up to the postwar German
government.

In Princeton, Eimstein 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 Eimstein seemed to
cement his Jewish identity.

Before returning to Gemmemy, the Eimsteins stopped in
England, where Eimstein gave lectures at King’s College
at the University of Lomdon (published in 1934 in The
Whtod @s I See It) and =t Manchester University. He aliso
visited the tomb of Newton, leaving a bouquet of fliow-
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 19065 work on the photoelectric effect. Be-
cause some physicists were still disputing relativity theo-
ry, the Nobel award did not mention it.

In Berlin, Eimstein 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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Franklin Roosevelt alerting him that the Germans might
be building an atomic bomb.

Hittler’s stormtroopers began to terrorize his political
opponents as the Gemman mark plummeted and a steep
inflationary period set in.

N PHYSICS, Theodor Kaluza wrote down Einstein's
field equations in five dimensions, reproducing the usual
four-dimensional gravitational equations plus Maxwelll’s
equations for the electromagnetic field. According to this
hypothesis, electromagnetisen is not a separate force but
an aspect ofigravity in a higher dimension.

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

Q9 ‘Einstein on Education." Nation andiAttieanaeom 3G16i001)378763879.

WwWi This article was mot 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-

murm of six hours.
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“The Common Element in Artistic and Scientific Experience” (Das Gemeinsame am
« Mkiinstlerischen und wissenschaftlichen Erleben). Menschen. Zeitschrift newer Kumst 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.

AP Geamatpondd Spgiriendd (6 evenatriendnr Ertianungd) Heha sagtapartfaf ladecterey hiblich
P appeared first as a reprint). Berlin: Springer, 1921. (English version published in Side-
lights on Relativity. London, Miethuen, 1§23.)

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 geometrizatin of physics and relativity and the relation of mathematics to the
external world. Hee 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."

“A Brief Outline of the Development of the Theory of Relativity.” Nature 106 (1§26
wa 2i): 782-7B4 Thamslatiom by Robert Lawson based on a German manuscript.

In a special issue of Nature disxwteed tw redbativity ey, Einstsin amd artier Euogeean cortiith-
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.

0"" “On a Natural Addition to the Foundatiom of the General Theory of Relativity” (Uber
w I o eine naheliegende Erganzung des Fundamentes der allgemeinen Rlativiitatstheorie).
Kamiglich PrevssisdieMiatienieleamiyissentelfaétetB ¢BEn)n3i Gitngshebariciatés §2921 p62626264.

‘%8 “In My Deflense” (Zur Abwehr). Die Naturwissemsdhefteengd (§92)) 2249.

= [Hingtein expressed auiirage sitout & priefiace fabricated thy luidien Ftire and adtributed to
Eimstein, 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 Hienri Poincare was
the true discoverer of relativity. Fabre had a reputation for belng a “reactionary and Jew-hater.”

aa “A Sifplé Application of the Newtonian Law of Gravitation to Globular Star Clus-
Whan tears” ((Hine eimfiadie Arwandiung diss Nevdomschen Goavitationsgesetzes auff diie
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kugelformigen Sternhaufen}. In Feststhifift der KaicemiMidhaleas@eseliichaft zur Forderingg der Wis-
sensthafren zu iheam zefimjatigigen Jutilamm, §0-52. Berlin: Springer, 1921.

A contributiom to the Feststhrifftppblikibleeticentheeoacaasion obftHectéenth aaninieessayy offtHae
Kaiser Wilhelm Society of Berlin.

1AAN “How I Became a Zionist" (Wie ich Zionist Wiurde). Jiidische Rundsdinay, June 21,
LwWha 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 galn,
but that hatred comes from those who are “primitive and uneducated”about those who are dif-
ferent from them. Hie reiterated his indiifference to Judaism as a religion.

NYI"On aJewish Palestine”(lbased on an address given by Einstein in Berlin on June 27,
all1921). Jiidische Rundschau, july 1, 1921, p. 371.
Einsteiﬁ%#ﬂimwma%by&ﬁ peRLciRe3dd a symbol of cultural unity over its im-
poreHIRtBIRs MRS ee: tagn BNpQtange o fgleatioe s BasTBPhef SpYR! fNBoRKEH e dR%
BAttaNRecRR EiRYYish-Isei rpertarsiivioh Wit toe Rgsir fRIIR WHRPRWiiRCRIBRIE Gt jthE
timeg 0, thm felishrdreisbies Stansiatinn: ebAmPLegecing aticlr Rathsnsndsh chpanisls e, bue
lievifgleHansiein SRdutadken diHordRUst FARTIRINDIRNISH CHhBieVRAtARYIRTRAO RAEING k%
iAot Jeuvs, theuldi fe rekapwipdoech edfe DissraR:MAtstrver disYeliede REhsErdsante
B ¥aLid KeRxwe erdpteneael @ ondste oprRionbiefelbthabAmsHiGa dews were more aware

of this fact than were German Jews, who seemed more eager to assimilate.

“Einsteiin’s Impressions of America: What Hie Really Saw"” (Einsteins amerikanische
« Eindriicke. Was er wirklich sah). Vssische Zeitung, July 16, 1921, morning edition,
suppl.

After Einstein’s trip to America in 1§21, 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 Hisbrew Umiversity of Jerusalem” (Zur Errichtung der
« hebraischen Umiversitat in Jerusalem). Jiidisthe PrescezantudieZiuitth, Auggisst 286,

i92i.
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 universities a place to study, teach, and conduct research. Tihe hope was that,
when such an institutiom gained a distinguished internatiomal reputation, Jews would no longer
be inclined to hide their group identity wherever they might work.

4AA “On an Experiment Concerning the Elementary Process of Light Emission" {Uber
aw*Es cin den Elementarprozess der Lichtemissiom betreffendes Experiment). Kaniglich
Preussische Akaxdemie denMéssensehafiten (Berlin). Sitzumgsberichte (1921): &&2-883.

“The Plight of German Sciemce: A Danger for the Nation” (Die Not der deutschen
= Wissenschaft. Ein Gefahr fur die Nation). Meue Freie Presse, December 25, ug2u,
morning ediition.
A statement solicited by the editor to promote scientific interests between Germany and
Austria.

e
As Wiilhelmn 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 hls life. In his hometown of Ulm, a small street was
named after him; in 1933 the Nazis ehanged the name to
something else, but it was restored after the war.

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

Eimsteim’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. Gesimany was continuing to experience economic
hardship and depression, communism was galning ad-
herents in the east, being especially popular ameng the
poek, and many theught Jews were geed scapegeats for
beth these eireumstances. Anti-Sumifism became wide-
spread.

Still, most Germans celebrated Eiinstein. 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-
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sassinated the newly elected German foreign minister,
Walther Rathenau, a Jew aind afriend, Einstein took heed
and began to remove himself from any controversial po-
litleal arenas. Indeed, he was warned net to make any
public appearances for the sake of his safety. He wiote to
his friend Mawrice Selevine en July 16: “Theke has been
fRueh exeiternent here ever sinee the abeminable Murder
of Rathenau. I myself am being esnstantly warned te be
eautious, have eaneeled my lectures, and am officiatly ‘ab-
sent;’ altheugh aetually t have net eft.” But he gid Begin
fe think abeut resigning fram e Kaiser Willnelm tnsH-
fute 2nd meving 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 Japamnese publishing house, Kaizo-
sha, which offered him generous compensation for a
series of lectures throughout Japan. The Eiisteins left
Germany at the beginning ef October and headed to
Maiseilles to Beatd the Japanese steamer Kitan, Maru.
Steps aleng the way ineluded Singapere, Hong Keng,
Ceylon, and Shanghai.

Eimstein 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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better: he had been awarded the Nohbel Prize in phys-
ics for 1921 for his work on the photoelectric effect, pub-
lished in 1965. Wiith 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 YMICA Chwistrnas party.

A month and many memories later—wihich he re-
corded in a travel diary that is still in the Eimstein 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.

LDWIN HUBBLE, aformer lawyer who became an astrom-

romer, demonstrated from 1§22 to 1§24 that nebulae con-
taining Cepheid stars are not located within the Milky
Way Gallaxy but are situated in other, more distant galax-
ies. This discovery revolutionized our knowledge about
the cosmos. Russian physicist Allexander Friedmann,
based on earlier work by Wiillem de Sitter, showed that
the universe—as described by Einsteinis equations—
could expand or contract.

Niels Bohr of Demmark 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
Emgfand, 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.

1A"] Ik Memorium Wiiither Rathenau.” NeueRudstsoinag 33papars 0161092818 LBRILE.
=Wl » Aeulogy for the slain German foreign miinister, assassinated by two right-wing army
officers on Jure 24, 1922. Leaders of the Nazi Party had accused Rathenau of being part of a
“Jewisth-Communist conspiracy.”
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“Impact of Science on the Development of Pacifism.” German comtribution to Kunt
a Lenz and Waliter Fabian, eds., Die Friedsndieemggun TN @ LeactiMavaaian)); 8899
Berlin: Schwetschke, 1§22.
Because technical inventions that arise from science have international consequences, Ia-
cluding military applications, men must create organizations dedicated to preventing wars
whenever there is a possibility that such products might be used vielently.

1AAN “Four Lectures on the Theory of Relativity, Heeld at Princeton University in May
dwrwr e 19217 (Vier Vorlkasmogen liber Relatiititatsideorie getelten im Wi 1921 am der Ukiveesigat
Primceton). Braunschweig, Germany: Vieweg, 1922. (English version published by Miethuen
in London as The Miearimgaff Redtatwipy t taantiatet by BdiinPPAdalamsSealals g ditedd. pighk.,
Princeton Science Liibrary. Princeton, N.j.: Princeton University Press, 1§88.)

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 Umiversity 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 Mieaning of Relitivitty,"for which he received a much smaller fee. This book is based
on these lectures.

“Theoretical Olbservations on the Superconductivity of Metals” (Theoretische Be-
» merkungen zur Supraleitung der Metalle). In Gedenkboek Kamerfingth Onnes (Com-
memorative Volume for Kamerlingh Qwnes), 42§-435. Leiden: ljdo, 1922.

m “Experiment Concerning the Limits of Validity of the Wave Theory” (Experiment
» betreffend die Giiltigkeitsgrenze der Undulationstheorie). Koniglich Preussische

Akademie dPEWRLEREhAienGHIIGKPISEEeRE biFT h{BqudaUpNstheorie). Koniglich Preussische
Akademie der Wissenschaften (Berlin). Sitzungsberichte (1922): 4.

“Theory of the Propagation of Light in Diispersive Media” (Theorie der Lichtfort-

= pflanzung in dispergierendem Medien). Komiglich Preusiische Akaidertie der Wisem-

schaften (Berlin). Sitzumgatberichte (1§23): 18-22.

m “Quantum-Theoreticall Oloservatiom on the Stern-Gerlach Experiment” (Quanten-
= theoretische Bemerkung zum Experiment von Stern und Gerlach) (with Paul
Ehrenfést}hfé’ii%h? ?uﬁggpgmgl ﬁx@qlment von Stern und Gerlach) (with Paul
ENfRBTER- SRUSRISHLTHE RONSHdtell AL thl dfern-Cerlach effect, discovered in 1922, had to
vl arR0VSIEE R Aerantiealerd et the R sRetlATR bty idiseavatathIn 1 9t gk dR
AURCREY meﬁm%lg'ghcﬂmgﬁf@stt BieESot® ishow Hbe behavine pfsatoms in a magnetic

field. See paper 198 for more on Ehrenfest, one of Einstein's closest friends.
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“How | Discovered the Theory of Relativity” (Wie ich die Relativitatstheorie ent-
= deckte). Imformal lecture at the University of iyoto, japan, December 14, 1g22.
(Notes taken by Yum Ishiwara and translated into English by Y. A. Ono in Physics Today, August

1932, p. 45.)

Einsteiini's translator on this trip was japanese physicist Yun Ishiwara. Ishiwara published his
notes of the lecture in 1923 in Tokyo and had them reprinted there in 1971.

Cressing from the Atlantic to
the Pacific Qaean, or back,

is easy now that the PaRama
Canal is a fully eperational
SLICEESS.

Early in the year, Eiinstein and his wife, Ellsa, were com-
pleting their journey to Palestine, where Eimstein 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
Meurch.

In July, Eimstein went to Sweden to deliver his No-
bel lecture. After some disagreements with Miileva 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 Miikeals financiall security. That
summer, Einstein spent time with his teenage sons vaca-
tioning in southern Genmamy.

Einstein resigned from his post on the League of Na-
tions' Commiission on Intellectual Comperation 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-
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sian and Gemman nationality as a period of economic
stability seemed to begin with the end of inflation.

Hiitller’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.

SIGMUND FREUWD—with wiam Hinstdin woulld coaree-

! spond in 1929, 1932, and 1§36—published The Eyo and the
I, and Arihur Eddington published The Mathematical
Theory of Relatsvitlyy, 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 anether
Russian immigrant, David Sarneff, at RCA that he re-
eeived the managetial and financial baeking te develop
Ris inventien inte a Marketable preduct. The RCA team
finally intredueed its television ten years later at the 1939
Word's Faif in New Yerk.

Robert Miillikan 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-
electric effect. Miillikan had met Einstein at Calltech in
Pasadena two years earlier. The chemistry prize went to
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Fritz Pregl of Austria for his method of micreanalyzing
organic substances.

111[/& “My Impressions of Palestine."New Palestine 4 (1923): 341.

j Lwia Eimstein msooumted tnis experiences and feelings diuring his visit to the future lewish
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, mleria,
and debt. By the end of the decade, after major anti-Jewish disturbances, he became more con-
cerned about the Arabs and their rights,

1116 “ON the General Theory of Relativity” (Zur allgemeinen Relativitatstheorie). Konig-
iV lich PreussisciréAdardiemie denWessensshaften (Berlin). Sitzungsberichte (1923): 32-38
(note appended on 76-77).

lﬂ “Theory of Relativity.” Nature 112 (1923): 253. Translation of an article written first
= in French for the Bulletin of the Societe frmngaise de philasppibie 22 (1923): 97112,

118 ‘Theory of tthenffine Field.” Nature 112 (1923): 448-449.
| ]

1 10 “Fundamental 1deas and Problems of the Theory of Relativity” (Grundgedanken
*&kWin und Probleme der Relativitatstheorie). In Nalesitiftelsen: Les prix Nobel en 1921+
1922. Stockholm: Imprimerie Royale, 1923.

This paper presents the Niobel lecture delivered in Goteburg, 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.

1A  “Does Field Theory Offer Possibilities for the Solution of Quantum Fnaliems?"(Bie-
tet die Feldtheorie Moglichkeitem fur die Losung des Quantemproblems?). Kdniglich
PreustisuieAlademie denMéssenseltafiten (Berlin). Sitzumgsberichte (1923): 353-364.
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 the Quantum Theory of the Radiative Equilibrium” (Zur Quantemtieworie des
Strahlungsgleichgewichts) (with Paul Ehrenfest). Zeitsthifift fir Physik 19 (ugzs):
301306,



Miarcus Carvey founds the
Back-to-Africa movement.

The FEinsteins celebrated the wedding of Elka’s elder
daughter, Ilse, who married journalist Rudolf Kayser. In
1§36 Kayser would publish the first biography of Einstein
under the pen name of Amton Reiser. Affter the marriage
of Ilse, whom he had onee leved, Einstein beeame enam-
ored with his new secretary, Betty Neumanm, but ended
the relationship by the end of the yeak. Later, a sueees-
sien of other wemen entered Ensieims life. He had
affairs with seme and ighered gthers, especially these
whe wiete 8 him sffering te Beeome his wife after he
Beeame a widewer. His marital relatienship with the
gosd-natured Elka was graunded 8n companisnship
Father than passien, and there is A8 indicatidn that she
was jealus about Rer Rusbands dalliances. Meig than
lilely, she resigned herself {8 these shari-term afairs apd
103K pleasure iR Being the wife of 2 faMaus man; e8Rk-
dent that he wawld Rever 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 wotldwide stan-
dardization of terminelegy in physies and chemistry. He
even attended a meeting of the esmrission iR Geneva.
I Dreemibrs, the Einstein Tower ebservatery and labe-
Fatory, an expressienist, eafly medern pieee of archites-
ture, was offeially epened in Petsdam Rear Berlin:

By the middle of May, Eiinstein wrote to a feiend that
political conditions in Getmany had become more set-
tled and that his life was more tranquil. Alithough Hit-
ler was sentenced to five years in prison for his attempt-
ed eoup, he was released after eight months for “geed
behavier.” Wiiile in prisen, he wiote NEin: Kampl/ (My
Struggle), in whieh he expressed his hatred of Jews and
Slavs, berated demeciacy, and detailed his blueprint for
aehieving German supremaey:

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

74
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Babe Ruth, “The Sulltan of
Swiat,” oresses thome 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. Thiis was called the Bose-Einmstein condensate, af-
ter Eimstein and Indian physicist Subramanyan Bose.
Wolfgang Ketterle, Eric Comell, and Carl Wieman were
awarded the Nobel Prize in physics in 2001 for creating a
Bose-Eiimiim condensate in their laboratory.

THE SKELETON BONES of Wessuizwic dinosaurs (76 mil-

lion to 226 million years old) were discovered in the Gobi
Desert in Mengolia. Sigmund Freud began to publish
his Collected Miritings, which would include twelve vol-
umes by 1839. Emgflish astronomer Artthur Eddington,
whose experiment had confirmed Eimstiiins general the-
ory of relativity, discovered that the luminosity of a star is
related to its mass.

Edwin Hubble, using the 100-imch telescope on
Mount Wiilson, measured the distance to the nearest spi-
ral galaxies—two million light-years, a distance so great
that our galaxy appeared to shrink overnight. Lowis de
Broglie, after having offered his thoughts on the nature
of matter, waves, and quanta the previous yea, predicted
that all matter, from electrons to balloons, has the prop-
ertles 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 see-
tion's Special Fund.

1809 “The Compton Experiment”(Das Konmptonsche Experiment). BenlfinerTggbbiattApritil
26, 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 Niobel Prize in physics in 1927 for this discovery.

109 “On the Ome-Hundredth Anniversary of Lord Kelvin's Birth" (Zum ihundeertjahrigen
dimidu Gedenktag von Lord Kelvins Geburt). Natunwiissensbiafiféen 171(192 )6 61016662

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
Miaawell. 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 Gases” (Quamtentheorie des einatomigen
s idealen Gases). Kaigliich PrausssizifeeARbdeleivnideditrisbbisselsfieaf{@er(Berl §i)z Sitgsmngs-
berichte (1§24): 261-2%7. Other treatises on the subject were published in 19325 in the same
journal, pp. 3-14 and 18-2§.
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 Baose-Einstein effect,
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“On the Ether" (Uber den Ather). Schweizeriiottee Naturffonsotteenide Geselliishiaftt Vierinand-
s lungen 165, part 2 (1924): 85-93.

“On the Theory of Radiometric Forces” (Zur Theorie der Radiiometerkrafite). Zeit-
» schrifftifiir Physik 27 (1924): 1-6.

. |
After having declined an invitation to lecture in South
America in 1922, Eimstein accepted the offer in 1925 and
embarked on a voyage to Argentina, Uruguay, and Brazil.
He was feted there by each countrys scientific organiza-
tions and Gesmman communities.

In solidarity with Gamdhi and affirming his own paci-
fist convictions, Eimstein, along with Rabindranath
Tagore, H. G. Wells, and others, signed a manifesto
against compulsory military service.

In the fall, Eimstein became a member of the board
of governots of the newly founded Helbrew University
in Jenusalern. He soon found himself at odds with other
members of the board, which was heavily influenced by
Amesrican Jewiy, whe felt they had the right to deter-
mine the eeurse of the university because of their large
flnanciall eontributions. Einstein had visualized a researeh
and teaehing university that would take inte aeeeunt the
fReeds of Jews emigrating te Palestine, but the Ameri-
€ans envisiened primarily a teaching eellege that weuld

fve BE@§H§&%§ empleyment sppertunities 8 these they
vered:

Though Eimstein 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 henot.

In Gemmemy, Paul von Hindenburg was elected presi-
dent and Hans Lutthee chancellor. Hitlee published vol-
ume i of Wdein Kmpipf, written while he was imprisoned
in Bavaria and published by F. Eher in Miumich, as he re-
organized the Nazi Party.
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ALTECH’S ROBERT A. MILLIKAN discovered the presencs
of cosmic rays in the upper atmosphere. Samuel Goud-
smit and George Uhlenbeck assigned angular mome#-
tum to electrons and established that they have a quas-
tum-mechamical 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.”

Germam physicist Wolfgang Pauli formulated his
“Pauli exclusion principle"—that no two electrons can
be in the same energy state. This helped to explain atem-
ic structure statistically. Following on this, Emtico 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-
Diirac statistics.

The Nobel Prize in physics was awarded jointly to
James Franck and Gustav Hertz of Gemmany 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 Quir Umiversity.” New Pelestiume 83( (A0} 2204
= As a mew member of the governing board off the Hebrew Wmiversity of jerusalzm,
Einstein outlined the goals of the newly established university for which he had helped raise
funds.

"Unified Field Theory of Gravitation and Electricity” (Einheitliche Feldtheorie von
= Gravitatiom und Elektrizitat). Kdmiglich PreusiisicAdademie derMi&ssensatiaften (Ber-
lin). Sitzungsberichte (192§): 4i4-418.

“The Electron and Unified Field Theory" (Elektron und einheitliche Feldtheorie).
w Miysica § ((926): 3330-554.
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49QA "Quantum Theory of Ideal Cases” (Quamtentheorie des idealen Gases). Koniglich
LIV Preussische Akatieniie der Wissensiadtoften (physmauith. Kinssy) (@erim)). Sitzungsberichte
(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.

“Eddingten’s Theory and the Hiamiltonian Principle” (Eddingtom’s Theorie und

Hiamilltonsches Priinzip). Appendix to German edition of A. S. Edidiington, Tie Tieeoyy
of Relatiitity in Mathemticital Perspettive (Relutivitatstheorie in mathemasiseher Behanilugg). Berlin,
1928.

From this point on, Eimstwiin’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 1§§i-52, below.) Be-
cause of his accomplishments and charismatic personal-
ity, his reputation as the greatest living scientist did not
diminish. Indeed, in 1§26 the Royal Astromomical So-
ciety awarded him its Gold Medal and the Academy of
Sciences of the USSR made him an honorary member.

In Gemmeamy, the Hitlerjugend fascist youth organiza-
tion was founded, and the country was admitted to the
League of Nations. Paul Jeseph Gorthibels became the
Nazi Party leader in Berlin.

E:WIN SCHRODINGER initiated the development of the fi-

al quantum theory by describing wave mechanics in terms
of a differential equation. He showed complete mathe-
matleal equivalence to matrix mechanics. Later in 1§26,
Max Born stated that the so-called wave function does
fiot describe the behavier of any partiele but interpreted
the equatien In terms of a probabllity: “guantusm meehan-
les” was eompleted. Still later in 1§26, Weinet Heisenberg
used unified quantus meehanies to guickly caleulate the
spectrufn of several states of the helium atem.
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Robert Gaddiard 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 feozen cabbage patch after two and a
half seconds.

Robert Watson-Watt proposed the word fonesphere fior
the upper layer of the atmosphere, whete the ionization
of gases affects the propagation of radio waves. Gregory
Breit and Mierlle Tuve measured the distance to the jon-
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 Eiimsiriinis 1§05
paper on Browmian 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 Mieanders in the Courses of Rivers” (Uber die

» Ursache der Miaanderbildung der Flusslaufe und des sogenannten Baerschen Ge-

setzes). Natunwissanstofftern 44(1(98F) 2 2933334 E figlitishe terasisleidani nirT A @dvht las dsSeSée
(i834; not in the abridged edition) and Ideas anidOpiiiiond 19824).

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 Hiemiisphere and on the left
in the Southern Hemiisphere. Hiaving found no one who was thoroughly familiar with the causal
relations involved, Einstein decided to tackle the problem himself.

"Suggestiom for an Experiment on the Nature of the Elementary Radiation Emis-
» sion Process"(Vorschlag zu einem die Niatur des elementaren Strahlungs-Emissions-
prozesses betreffendes Experiment). Naturwiissenstiafifen 44 1696k)3 360330.1.

“Interference Characteristics of Light Emitted by Canal Rays"(Uber die Interferen-
» zeigenschaften des durch Kanalstrahlen emittierten Liicites). Komiglich PreasséisbRe
Akedismial eleiiissesbafedieB¢Banliryiciingabebietichia (261633 4344840.

t



The First Solvay Congress in
Brussels in 1911 was a who's
who of physies. Elnstein met
with Mareel Brillouin, Marie
Curie, Paul Langevin, Hendrik
Lorentz, Jean Perrin, Max
Planek, and ErRest Rutherford:

In the fall, at the latest Solvay Comgress in Brussels, Ein-
stein and Niiels Boht began to spar about the foundations
of quantur mechanics. The debate would continue until
Elinsieiin’s death.

Despite Einsteiin's opposition, his son Hans Allbert, at
age twenty-three, married Frieda Knecht, a woman nine
years his senioe. Even Mileva felt that Frieda was not
good enough, weiting a friend the following year that
Hans Allbert looked terrible and that “his wife does not
knew hew te leek after him, she thinks enly ef herself.”
Frieda, a warm and Bright weman, bere three ehildren—
David, Klaus, and Bernhard—only ene of whem (Befh-
hard) lived Beyend the age of six. She and Hans Albert
adepted 2 baby girl; Evelyn, in 1941

In Novernier, Eimstein, 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

81
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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 Ellectrolux Com-
pany. AEG;, the German division of Gemeral Electrie,
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-S$zillard 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 Eimstein 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 Gemmamy, the stock market crashed in May on
Black Friday and the economic system collapsed.

AUL DIRAC DESCRIBED a method of quantizing the elec=
tromagnetic field, and Niels Bohr and Werner Heisen-
berg, ajunior associate, discussed what came to be known
as the Cepenhagen interpretation of quantum mechan-
les; Bohk took the position that the measurement process
of a specific experimental situatlon engenders the impos-
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sibility of simultaneously measuring a particle’s position
and its momentum. Eimstein 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. Domald Memzel ob-
tained the first accurate measurements of the surface
temperatures of Mars and Mercury.

Charles Lindbergh flew Tide Spiniiz of St. Lonis 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 Wiilson 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. Wiglland of Germany
for his investigations of the constitution of bile acids and
related substances.

1 3: "On Kaluza's Theory on the Conmection between Gravitation and Ellectricity” (Zur
APia Kaluzas Theorie des Zusammenhanges von Gravitation und Elektrizitat). Konigficth
PrraisssistlaciRidteinterddt seéissangebaftBer (Baclfigz Shigshegsblerichis2 {19 23):333-35.

Kaluza attempted to unify Einstein's theory of gravity with Miaxwell's theory of light by mix-
ing them in a fifth dimension. He worked with Qskar Klein, a mathematician, and they pro-
duced the Kaluza-Klein field equations.

1Q “Effect of Earth's Motion on the Velocity of Light Relative to Earth” (Einfluss
L. der Erdbewegung auf die Lichtgeschwindigket relativ zur Erde). Farsthuggenunhd
Fortschvitte 3 (1927): 36-37.

1 Q7 ‘Formal Relationship of the Riemann Curvature Tensor to the Field Equations of
s Gravitation” (Uber die formale Beziehung des Riemannschen Kriimmumgstensors
2u den Feldgleichungen der Gravitation). Mathematistihetnnidery P1:1¢921)0 9493

m “Newton’s Miechanics and Its Imfluence on the Shaping of Theoretical Pinysics"
u (Newtons Mechan_ik und i_hr Ei_nfluss auf di_e Gestaltung der theoret_ischen Physi_k).
Naturwissed NABFERRS MERNIy00,58. FUiEiSs AV €ig Restrbivng.dendpaniatisanen P (s

WWHW‘%%ES‘E?ME%B%Q%Q} eidfy dfﬁfn glﬁt&g&qnslation, see The World as | See It (1934;
not in the abridged edition) or Ideas and Opinions (1954).
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Wiiiting on- the occasion of the two-hundredtth anniversary of Newton's death, Einstein
traced the historical development of physics from the Greeks to Galileo to Newton to the pres-
ent, especially emphasizing Newton's contributions.

1 3a “Isaac Niewton." Letter to the Royal Society on the two-hundredth anniversary 6f
A s Newton's death. Nature 11§ ((127): 455

In this letter, Einstein praised the British for their traditions and for providing an atme-
sphere that allows the human soul “to soar.” Everything that had happened in theoretical phys-
ics since Nlewton's time had developed from his idea, and only in quantuim theory was Newton's
differential method inadequate.

“General Theory of Relativity and the Laws of Metion” (Allgemeine Reladivitats-
» theorie und Bewegungsgesetze). Komighich Preusiische Akmtbenisie der Wiskemschifiten
(Berlin). Sitzungsberichte (1927): 235-245.
Einstein attacked the problem of deducing the law of metion from the field equations. Hie e-
peatedly returned to this problem in his later work.

]
In March, while on a trip to Davos, Switzerland, the
forty-nine-year-old Eimstein collapsed with a serious
heart condition. He was confined to bed for four months,
but it took him a year to recover fully.

In Agpril, Einstein hired Helen Dutkas 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 archlivist of his collected papets at the Insti-
tute for Advanced Study In Princeton. Fiereely loyal to
him, she was largely respensible for prateeting his image
as a lovable, benevelent, absent-minded genius and for
keeping his persenal life private.

Eimstein 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 Acaderny of Sciences by Miax Planck, since
Eiinstein was too ill to attend the meetings. In these pa-
pers he presented a new mathernatics that he felt would
allow him to formulate his unified theory of gravity and
electrieity:
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HIS WAS A PRODUCTIVE YEAR 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, independemtily, Rolf
Wirknoe 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 Miilller invented the first
Geiiger counter to detect radioactive particles. Chan-
drasekhar Rarman 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. Fiinallly, mathematician
John von Neurnann 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. Gemmamny's Adolf Winntaus received
the chemistry prize for his research into the constitution
of sterols and their relation to vitamins.

1//' “Riemannian Geometry with Preservation of Distant Parallelism” (Riemann-Geom-
inl&un etrie mit Aufrechterhaltung des Fernparallelismus). Komiglich PreussistizeAkideteivie

derWidseensthfabie(BEBHA INDi Sitmysiebiciatetér (LB p1 2422321,

"New Pessibilities of a Unified Field Theory of Gravitatiom and Electricity” (Neue
s Maoglichkeiten fur eine einheitliche Feldtheorie von Gravitation und Hlidriiziitat).
Konigliath Preussistiiee Akademie der Wissensahaffam (Berlin). Sitzungsberichte (1928): 224-2327.

"H. A. Lorentz.” Mathemadisdi-nadumwissensbbfdiilibecB Blaeier 22(1(9988) 234285 RRe-
a printed as "Address at the Grave of HL A\ LiorertiZ"jin Itkeasoad @ ppivient 1§ 9h%)733.
In this eulogy at the graveside of the Duich theoretical physicist whom Einstein admired and
loved, Einstein called him the “greatest and noblest man of our time.”



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, Eimstein celebrated his fiftieth birthday
and was showered with congratulatory cards, letters, and
telegrams sent by young and old from all over the werld.
In honor of this oceasion, his friends were anxious te eb-
tain a substantial gift for him: a summer herme to eall his
owR, te be denated By the eity of Berin. The plan was
foiled by pelities and property rights, hewever, and, tired
of witnessing ene flases after anether; Einstein decided
ta Buy his ewn plet of 1and and Build a sumrmer heme in
Caputh, three minutes from 2 lake where he eauld sal:
Hig friends then surprised Rim with the gift of a sailbeat.
The hause was Built guickly, 2nd the Eipsteins gecupied
it i September, though they kept the apartment in Bek-
11 25 well: Esteln exulied in the rural setting, and Ris
health improved quickdy, With renewed energy, he &af-
Hed o 3 extensive serles oF IRterviews and H8§ Oh-
dence on Behalf oF 720t ang E{HSE als 2t i
E‘”éa“%y guvever. pe uBl{§ g E Eﬁe ””'%%8
f [h % at was a ensa IO ev Ication

wa a sensation €ven OI'C Bu 1cation
See pa
SCC €I 145

In June Enmstem recelved 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, Eimstein had been in-
vited to meet the gueen in her palace at Laeken, where
they played musie as a trie with a lady-in-waiting. The
gueen eharmed Ejimstein with her simplieity and eerdial-
ity, and he visited her and her husband again a year lat-
er. Theirs became a warm and enduring friendship, and
Einstein eorrespended with the queen until the end of
Ris life; the king died in 1934: Einstein always Began his
letters te her with “Dear Queen.”

In Gemmamy, Hitler appointed Heinrich Hirnmler as
Reighsfirires of the SS. The World Zionist Organization
established the Jewish Agency to represent all Jews, both
Zionist and non-Zionist, to fulfill dhe League of Nations
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Einstein and Marie Curie

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 Eimstein to
abandon the cosmological constant as the “biggest blun-
der of my life" (see discussion of paper 67, atvove). And Sir
Frank Wiiittle, 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-
ieally the electron, can sometimes exhibit wavelike prop-
ertles. The chemistry prize was divided equally between
anether romantieally narred scientist, Hans Kael August
Simen ven Euler-Chiniipiin of Sweden and Gesmainy, and
Sir Arthur Hatden of England for thelr investigations on
the fermentation of sugats and enzymes.
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I 1/ /I [Text-of broadcast on the semicentenniall of Thomas A. Edison’s incandescent light-
IFs ing.] Printed in the New/YtokRimeesDOribber 2314939.

IAR On the Unified Field Theory” (Zur einheitlichen Felditheorie). Komiglich PPeassisigehe
Akadianiieleteit/ilenedtseftafité Ae¢Ber)is)t Sitzgubgsienichtey §1929): 2-7.

This expositiom of Einstein's theory on unitary field laws for gravitatiom and electromagne-
tism centered on his efforts to incorporate the electromagnetic field into the geometry of space-
time. The publication of this paper was immediate news. Gossip in the mass media, based on
the two papers he published in 1928, had claimed that Einsteim had solved the riddie of the
universe, and this publication was highly awaited. The first printing immediiately sold out, and
more printings were ordered. Einstein could not understand the commetion, even though he
had faith in his theory. Critics found fault with it, however, and after a few more attempts at
corrections, Einstein finally admitted, three years later, that he was wrong.

146 “The New Field Theory.” New okiTieses, ebebaugry, 391829.
n A report on paper 145.

“Unified Interpretatiom of Gravitation and Eleotricity” (Einheitliche Imterpretation
Lir'l a von Gravitation und Elektrizitat). Keniglich Preustisehe Akademie der Wivsesschisfen
(Berlin). Sitzungsberichte (1929): i62.

14 (8 "Unified Field Theory and the Hiamiltonian Principle” (Einheitliche Feldtheorie
» und Hamiltonsches Prinzip). Kemigfich Preussische Akaderie der Wissesseleften (Ber-
lin). Sitzungsberichte (1929): 156-159.

For the first time, Eimstein became a grandfather when
Hans Allbent’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 Dmmiitii Merianeff (the marrlage
later ended in diverce). His other sen-in-law; Rudelf
Kaysef, published the first biegraphy of Eimstein; Mari-
aneff would publish anether faurteen years later. Albert
and Elsa prepared for anether trip to Amiica, this tifme
te California, where Efinstein weuld lecture at the Cali-
fornia [nstitute ef Teehnelegy in Pasadena.

As the Nazis gained the majority in the German elec=
tions and Heimrich Briming formed a right-wing coali-
tion government, Eimstein stepped up his political ac=
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Einsteim’s theory of relativity
is alleged to be simpler than
the tax code.

tivities in the face of increasing Gemman nationalism and
unrest. As a socialist, his politics were left of center. Al-
though he was not a Commsnumist, 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
Comimiumnists dominated, however,

Fimstein attended his last Solvay Congyress in Brussels
and received an honorary degree from the ETHI (Poly)
in Zurich,

In Decemiber, their ship was anchored in New York
harbor for five days before continuing its voyage, and the
Eimsteins again faced the press, met celebrities, and re-
turned exhausted at night to their stateroom. Among
others, they met Artturo Toseanini, Fritz Kreisler, and
John D. Rockefeller Jr. Eimstein visited the Riverside
Chiwieh on Maialtams Uppet West Side to view his im-
age and these ef many ethers seulpted inte the tympa-
RUM 8ver the Rew ehurehs Main entranee—a sight that
delighted hirm, acesrding te the cRurens reetar.

As the ship sailed south and then west toward Califor-
nia, the Eimsteins stopped in Cuba for two days before
passing through the Panama Canal.

Both in New York and in California, Eimstein spoke
out in favor of pacifism and antimilitarism, usually to the
embareassment of his hosts.

In the Soviet Union and its satellites, amti-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—albout 266,666—com-
ing from the shretls to resettle dhe land of dheir ancesiors.
The British were aware of Arab resistance o sueh a huge
influx and reeemmended the cessation of Jewish immi-
gratien. At this time, abaut 9.3 millien Jews lived iR Eu-
fope, mestly i the eities. Thrse i CriFRay; abeut 8:3
millien in 2 Geeman pepulation of absut 63 millisn, were
the mest assifilated in Ewrope; for the mest part they
had Re desire t6 join the early exsdus. IR CrirRamy, the
Nazi Party Rad emerged as the majerity party in the nAa-
tienal eleetisns, pertending as yet Unknewa evils:



90 THE EINSTEIN ALMANAC

RTHUR EDDINGTON attempted to unify the general the-
ory of relativity with quantum theory. American phys-
icist Emest O. Lawmence published the principle of
the cyclotron, permitting the acceleration of atoms to
high speeds to create nuclear reactions. Subrahmanyan
Chandirasekhar 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 “Chendiasekiar 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-
s bilitat der Feldgleichungen in der einheitlichen Felditheorie). Komigflich FPeessisisohe
AkadteniéadeieiVikbenscisaftafité B egiieris)t Sitzgsigstichichtey glOBAR -183-23.

“Two Exact Statistical Solutions of the Field Equations of the Unified Field Theory"
s (Zwei strenge statistische Losungen der Feldgleichungen in der einheitlichen
Feldtheorie) (with Walther Miayer). Komiglich PrausiistirotRbdetninidecifi sAfaschsfieaf(@rer(Belin).
Sitzungsberichte (1936): 116-126.

“On Progress Miade by the Unified Field Theory” (Uber die Fortschritte der ein-
s heitlichen Feldtheorie) {a summary). Komigtich Preussische Akatbeniie der Wikseeschiafiten

(Berlin). Sitzumgstberichte (1936): 162.

"On the Theory of Spaces with the Riemann Mietrics and Distant Parallelism” (Zur
s Theorie der Raume mit Riemann-Metrik und Fermparallelismus). Komigfiich fregsrs-
sische Adcaiderizided ¢vi¥isnahagbef e (Belisik Sitgshgshiriet(te 1693831462402,
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4N “The Wnified Field Tiheory Based on Riemann Mtstrics and Miistant Parallielism™ (Auf
LI die Riemann-Metrik und den Fernparallelismus gegrundete einheitliche Feldtheo-
fie). MathematiiedreAmmadm 02 (199801 6835-6SyT .

IM “Space, Ether, and Field in Physics" (Raum, Ather und Feld in der Physik). Forum
u  Philosopthicunn 1 (1936): 173-186.

4" “About Kepler"(Uber Kepler). FramkfivresZeitumg), November §, 1830. English trans-
~vIndu |dsiioniThieotdiassl Seeclur (9334)a ankd déas and:OPiniitions 19952).

Writing on the occasion of the three-hundredth anniversary of johanmes Kepler's death, Ein-
stein recounted the difficulties Kepler, working on planetary motion, must have faced in his
time and praised his ingenious methods. He concluded that "knowledge cannot spring from ex-
perience alone but from the comparison of the inventioms of the intellect with observed fact.”

11 “Religion and Science.” New YokdiiessNdowenheergd, 10380. RRpprintet! i inlddesurahd
LU Qyinions (1954), 36—406. See also papers 216, 226, and 257 on the same topic.

Einstein wrote this article expressly for the New Yonk Times Magainine. It was reprinted as the
essay “Cosmic Religion” in the book of the same name the following year (see no. 166 below).
In this somewhat provocative piece, Einsteim professed his belief in a "cosmic religion,” which
to him was a higher level of religion tham organized religion. He declared it to be a “miraculous
order that manifests itself in all of nature as well as in the world of ideas,” devoid of a person-
al God who doles out rewards and punishments based on people's behavior. He concluded that
there is no conflict between science and religion, indeed, that cosmic religiosity is mecessary
for scientific research.

1 "7 “Science and God: A Dialogue." Forum and Gentuy B8 ((936): F73-378.

&w I« This articie is based on a conversation with J. Murphy and J. W. N. Sullivan, touching
on the relationship of science to other aspects of life, the questiom of jewish racial characteris-
tics, and other topics of interest to Einstein. Sullivan was a mathematiciam and science popular-
izer who had undertakem a “tour of great mem,” interviewing as many emiment scientists as he
could find for an upeoming beok. J. Murphy may have been Joseph Murphy, a world-renowned
autherity eh mysticisth and metaphygics, e James Murphy (see paper 181 below).

1 C(Q “What | Believe." Forum and Cemttury 84 (1636): 193-194. Reprinted as “The World as
I See Iit"in IdessanddOPpitiond (983) 88211,

Here Einsteim put forth his personal beliefs and philosophy. This piece contaims his famous
guetations:*il have never looked upon ease and happimess as ends in themselves—sweth an ethi-
¢al basis 1 call the ideal of a pigsty ... The ideals whiich have guided my way ... have been Kind-
Ress, Beauty, and Truth,*and “The most beautiful experience we can have is the mysterious.”
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159 “Concept of Space." Nature 125 (1836): 897-898.
L]

1!60 “On the Present State of the Theory of Relativity.” Yale Universiity Library Gazette 6
L}

(1936): 3-6.

161 “The Space-Time Praoblem(Das Raum-Zeit Problem). Korallle 55((930): £856-488.

1 39 “Speech at the Broadicasting Exhibition” (Rede zur Funkausstellung). Berlin, Au-
&3 gust 22, 1936. Transcribed from the sound recording by F. Hierneck. Ndttcwissen-

schafften AD({E0):333.

The Empire State Building
nears completion.

In Jamuary, Eimstein was the guest of Charrlie Chhaplin at
a Hollywood premiere of the film Ciey Lighis. The pic-
ture of the two charismatic men together was ¢ireulated
widely in the media. Einstein met other eelebrities as
well, ineluding Helen Keller, Upton Sinclair, and Nef-
man Themas. He alse went to Mownt Wiiken Obser-
vatery te meet with astronemer Edwin Hibble, whe if
1929 had ebtained presf that the universe was indeed ex-
panding, eausing Eimstein to dismiss the cgsmelogieal
eonstant of his 1917 paper as Ris "Biggest BlHHﬁ%E“%BHE
see diseussion aBeve HAEF Paper 67

Thhe return trip from Califoenia to New York in March
was by train, with a stop at a Hopi Indian reservation
near the Grand Canyon. The Hopis gave Eimnstein a
peace plpe, recognizing his pacifism, and dubbed him
thelr “Gieat Relative.” Duiing a shett stop in Chicago,
Einstein had fjust ensugh tifme to fire off yet anether pae-
ifist speeeh. At New Yorl's Astor Hetel, ke gave 2 speedh
at a fund-raiser fof Palestine, urging Jews o cooperate
with Arabs. Then it was Baek o Beatd ship fef the re-
tUFR te Grirmamy, Whieh was new en shaly greunds pe-
litieally.

Afiter having barely recuperated from his trip and de-
livering two papers to the Prussian Academny of Sciences,
Einstein took leave,again in May for a month’s stay in
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Albert Einstein, “The Great
Relledive,"visits with Hopi Indi-
ans at the Grand Canyon.

Emgland, where he delivered the Rhodes Lectures at Ox-
ford and accepted an honorary degree. Tihe blackboard
on which Eiimstein wrote some equations at Oxford has
been preserved. Einsteiin's equations from a lecture on
Jumne 6,1930, in Nottingham have also been preserved at
its univessity.

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 towatd an aggressive dictatorship un-
der Adiolf Hitler.

In Decemiber, Einstein was again en route to Pasadena,
on a ship that took him and Elisa 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 Emiope. He continued to
speak out in faver 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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Pagifist Mishatrna Gandhi trav-
els to London to make his case
for Indian independenice.

N THE SCIENCES, Wolfgang Pauli, while in Zurieh,
predicted the existence of “a little neutral thing,” the
neutrino, to explain where the energy went during beta
decay. Bermhard 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 Gedel 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. Exmest Law-
rence’s cycloteon, which would later be called an “atom
smasher,” was finished in Berkeley.

The Nobel Prize money for the physics section was
allocated to the Miaiin Fund of the foundation and to
the Special Fund in physics. The prize in chemistry was
given jointly to Gemmmany’s Friedrich Bergius and Carl
Bosch for the development of chemical high-pressure
processes.

“Science and Diictatorship.” In Qtto Forst-Battaglia, ed., DictadorstippoorTiakal taans-
s lated by Hiuntley Paderson, introduction by Wimston Chwrchill. London: George G.
Hisrrop, 1§306. Reprinted in 1970 by Books for Libraries Press, Freeport, N.Y.

In this book, compiled at the time of Hiitler, Stalin, and Miussolini, “eminent leaders of mod-
ern thought contritbuted 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 fiwzzled, and therefore stultified, and that “science can flourish only i an atfmo-
sphere of free speech.”
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“Science and Happimess” Speech at California Institute of Technology. Reprinted
= iin Mew York Times, February 22, 1931, sec. 9. Also published in Science, new series, 73,
no. 1893 (April 10, 1931): Fm—381-
Einstein rhetorically asked why science has brought so little happiness. Hiis answer: We have
Aot yet learned to make sensible use of it. Scientists must not forget that concemn for people's
happiness is paramount in all technical endeavors.

“Militant Pacifism.” World Tomorrow 14 (1931): 9. Reprinted in Idess and Opiniens
= (1954) as "Active Paciffism.”
Einstein made these remarks in response to a peace demonstratiom 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."

1M Casmic Relggion, with Other Opiitiens amtl Aphoisisms. New York: Covici-Friede, 1931.
This small book contains a biographical note, essays on religion, pacifism, and the
Jews, and aphorisms taken from earlier sources.

1" 1 a g“Fagore Talks with Einstein *ssia 31 (1931): 138-142.
LU« This conversation on Eastern music was reported by Indian poet and musician Rabin-
dranath Tagore.

168 “The Nature of Reality."Wiatern Review (Calcutta) 49 (1931): 42-43.
= In this conversation, Einstein and Tagore discussed the nature of beauty and truth.

1NN  "The 1932 Disarmament Conference.Matiion 133 (1931): 366. Reprinted in Idess anti
Lnrnsa Opinions (19%54).

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 nationaligm 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."

Aboutt Zimriiem:Speebbes ad deettsrsT rErasislatddanddedititddb pys il d@or Sirmon Nblew
York: Macmillan, 193i.
Einstein's speeches and letters about Zionism were collected from various sources and dated.
Urflortunately, 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 kosmole-
s lgischen Problem der allgemeinen Relsdivitatstheorie). Ksliglich FreassisicbbgRkdaeranie
derWissensthttar EBArHR)S Ritaugebbeidhloée({33)) 23352337 .

in this paper Einstein accepted the nonstatic character of the universe and rejected the cos-
mological constant as unnecessary and as compromisimg the simplicity of his field equations,
(Also see the discussion under paper 67 above.}

1 7(2 “Unified Theory of Gravitation and Electricity” (Einheitliche Theorie von Gravita-
i n tion und Elekdrizitat), part i (with Walther Miayer). Kéimigliich PreusdistieAkbdelnraie
derWiissenstiaffeer{ RBeitih)S Ritauggsbeidbbtd x9981) 5 545557 f(part ppbilikinkeding93p).

“Forewordto Sir Isaac Neewton, Qyaticks. New York: MicGraw-Hill, 1§31.

LA P Reviewing Newton's werk, Einstein summarized that “in ene persen he combimed the
experimentar, the theerist, the mechanic, and, not the least, the artist of expesition.”

177 Relativity: The Specigl and General Theory. Translated by R. Lawson. New York: Peter
A0 smith, 1931,

Aseording to Einstein, the beok was intended to give an exact insight inte the theory of
relativity to those readers whe, from a general and philesophical point of view, are interest-
ed in the theory, but whe are Aot conversant with the mathematical apparatus of theoretical
physies.” Rather than writing elegantly, he repeated himself frequently 'in the interest of clear
ness.”

. |
Whiille at the California Institute of Technology from
January until Manch, Einstein met Albraham Flexner,
a prominent educational reformet, fund-taiser, and of-
ganizer who was Interested in innovative and progres-
slve edueational institutions. (See Thomas Bommeirs bi-
ography ef Fllxmer, which is listed in the bibliegraphy.)
Flexner was the feunding direetor of the Institute for
Advanced Study iR Prineeton, New Jeisey, whieh was es-
tablished in 1930 threugh an endewrment by Lowis Bam-
Berger and his sister, Careline Fuld: Flexner was 168king
for a faeulty for the Rew institute and was eager to get
Einstein on Beard. He offered 3n atiractive position—a
Ralf-year, 3nAual appeintment, which weuld enaBle Eif-=
stein 8 spend the ather half-year in Bexlin, 48 he was still
A8t quite ready 6 give Up his Rouse in Caputh and; per-
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haps, his new love, Toni Miendiel. He agreed to come to
Princeton in October of the following year.

Eimstein thereafter traveled to Gemeva 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 Allbert’s baby, Klaus,
was born in Zurich. Little Klaus died six years later.

In Gemmemy, 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

Amelia Earhart completes her ~ Papen was named chancellor when Hitler refused Hin-

transcontinental flight. denburg’s offer to become vice chancellor; then van Pa-
pen resigned and Kurt von Schleicher was named to the
post. Hitller, who was born in Austria, received German
citizenship.

As a great famine swept the USSR, Jews, mostly Zi-
onists, continued their exodus to Palestine to establish
agrarian settlements and begin a new life in their prom-
ised land.

T WAS A BUSY YEAR in physics. Early in 1932 Ma-
rie’s daughter Irene Curie and Frederic Joliot bom-
barded nonradioactive beryllium with alpha particles,
belefly turning it inte a radioactive element. Later that
year, Enfico Fermi of Italy succeeded in Intensifying
the Curie-Jolliot effect by using the newly discovered
and massive neutrens ef beta rays instead of alpha rays.
Mramwihile, Weener Heisenberg propesed a new med-
el of the atem in which pretens and neutrens achieve
stability By exchanging electrans. James Chadwick ise-
lated the Reutren, the Hrst particle diseavered with zere
gleetrieal eharge, thaugh 2 twe-year debate ensued s i8
whether the Rew particle was really 2 fundamental Build-
ing Blaek 8 2 compesite 8f the praten 2nd electran:
Thiis year also saw the announcement of the first ap-
paratus that could artificially accelerate atomic particles
to high energies—the Cockeroft-Walton accelerator.
Wiithin a month, beams of high-energy protons pro-
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Einstein with Robert Millikan
(left) and Georges Lemattre,
three giants of modern plysics.

duced by the machine were used to initiate the disinte-
gration of lithium nuclei, confirming the equivalence of
mass and energy, as Eiinstein had predicted.

Werner Heisenberg of Germany. won the Niobel Prize
in physics for the creation of quantum mechanics, whose
application led to the discovery.of allotropic forms of hy-
drogen. Amenigals Irving Langmuir received the chemis-
try prize for his discoveries and investigations in surface

chemistry.

4TI “To American Negroes."Crisis 39 (1832): 46.

A0 sl in this articie 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.

4TI "Is There a Jewish View of Liffe?" Qjpinion 2 (September 26, 1§32): 7. Reprinted in
L 'wu idens and Opimicos's (1954).

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."

47777 "Unified Theory of Gravitation and Ellectricity” (Einheitliche Theorie von Gravita-
L1 1. tion und Elekdrizitat), part 2 (with Walther Miayer). Kamiglich reessisisthaRddaeinider
Whissanstiafiteer( KBNS Ridanpgsbeidhbge 1993P)1 3301537
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Walther Miayer 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
fargest number of papers with him. Mayer continued to work with Einstein for a short time at
the Imstitute for Advanced Study in Primoeton.

111‘8 "Serivectors and Spinors” (Semi-Vektorem und Spinoren) (with Walther Mayer).
14 O. Konigglich Preussisehe Akademie der Wissenschaften (Berlin). Sitzungsberichte (1932):
§22-550.

1 “On the Relation between the Expansion and the Mean Density of the Umiverse"
Ll Fu (with Willem de Sitter). Proceddings of the Natiosial Academy of Saéences (USA) 18
(1932): 213-214.

Einstein and de Sitter put forth a revised cosmologicall model that solves the Friedmanmn equa-
tions and takes account of Edwin Hiubble's evidence for the expansion of the universe, tenta-
tively implying an initial singularity.

186 “Present State of Relativity Theory" (Gegenwartiger Stand der Rdtivitatstheorie).
u Die Quelile ((ketter FealdgggirichieFititardrd 84 10930)4 4004442,

181 “Prologue and Epilogue: A Socratic Dialogue" (with James Murphy). In Max Planck,
n Wheeel4SSidece6 dogigh elevy ofteidN Sl oiom gH82.

18@1 “|ntroductiom and Address to Students of UCLA," February 1832. In Builders affttiee
LEHL . Universe. Loosmggdbas: LSS Ll biveay Asssmianiton, 16922

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 coordinatiom of observed facts,
as seen, for example, in the progression from the special theory of relativity to the unified field
theory.

1 80 "On Dx. Berliner's Seventieth Birthday” (Zu Dr. Berliners siebzigstem Geluntstag).
LO D Naturwissensthefteen:d0({6333) 9933 RRppirintediin deieas mh0 gdpimor ¢1954 686970

Berliner, a German physicist and Jew, was editor of the German physics journal Naturwissen-
schafften firom 15253 tt01t335, witeen tHee Neakisdississeet! hdm.| in1242, witeen heewvasadioouttto ee
deported, he committed suicide at the age of eighty. In this article, Einstein praised Berliner's
work on the journal.



Hitler Youth salute their ap-
proving Fuhrer.

Whhille Eimstein and Elsa were still in Pasadena, their
lives were drastically affected by wotld events. In Janu-
ary, the Nazis came to power, with Hitller at the helm
as chaneellor, and the purging of Jews began. Einstein
was advised that it was new tee dangerous te retura t6
Geinany, sinee a priee had been put en Ris head and
Ris beslks wete being diseredited and Burned. The Ein-
steins went to Belgium and set up & temperary residenee
3t Coq sur Mri, 2 peaceful seaside village surreunded by
dunes. Security guards were sent By the Belgian govern-
et 6 pratect them. In April, Helen Pri@s and Wal-
ther Miayer afrived from Berin 18 join Hem. Einsieins
stepdaughier Margat and her husBand Bt had al-
ready Hed 18 Paris; and tlse and Rudolrweee shll In Bef:
iR {d‘iiﬂg this stay in Belgtum, Einsteln Became Betier
acquainted with Queen Elizabeh.

Eimsteim’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

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 dange, such as Belgium, had no
choliee but to depend on thelr armed forces in the face
of a formidable and vicious enery. Undet current condi-
tiens, he maintained, he would gladly serve in the mili-
tary te defend Buropean eivilization. Ak heart he was still
a paeifist; he said, But that was a pesitien that ene esuld
take enly when military dietatorships eeased te exist. 1n
fespense t8 his change of epinien, paeifist leaders ac-
eused Rim of Being 2 firnesat:

Eiinstein resigned from all of his positions and affili-
ations in Getmany and gave up his German citizenship.
Aftrer considering several job offers, e discidled to aangpt
the one propesed by Flexnet, which had in the mean-
time been upgraded to a regular, year-round position in
Princeton.

The itinerant Eimstein 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 tifme. Edluard had developed schizophtenia and was
eenfined te a mental iRstitution at Burgholzli, where he
stayed periedieally until he died there iR 1963. Einstein,
feeling that he esuld de nething t8 help his sen ether
than effer him finanelal seeurity, returned to England
in September for faur weeks Befsre embarking for the
United States. He gave gne last speeeh in Eurepe, 4t the
Reyal Aligert Hall 1n E9nden 8n Beteber 3 warning his
listeners aBeut the HEH%@F% that lay ahead and praising
them for remaining |ayal tg Heir demacratic raditons:

Use’s husband, Rudolf Kayser, managed to have Ein-
stein’s writings and correspondence and some furnish-
ings, including the grand piano, sent from Betlin to
France. From there, everything eventually made its way
to the United States by way of diplomatic channels.

The small Eimstein entourage, without Ilse and Mar-
got and their spouses, who stayed in Paris, arrived in
Princeton on October i7. They spent their fitst night at
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the quaint Peacock Inn before moving into temporary
quarters on the corner of Library and Mesicer streets,
The residence was about halfway between the univer-
sity’s matheratics building, where Eimstein would have
a temporary office, and the grounds of the Institute for
Advaneed Study, which had yet te be built. A pefma-
Rent heme on Miieet Steeet net far from the temperary
heme weuld beearme available a year and a half later.

Eimstein now began his “American years” as the first
faculty membee of the Institute for Advanced Study. He
never returned to Eurtope.

As politics slipped into the extremes, with the fascist
Nazis on one side and the hardline Commmumists on the
other, the Nazis ordered the building of the first concen-
tration camps in Getmany at Dachau near Mwmich to in-
carcerate Comiunists. By 1943, 8 to 16 million Jews and
other “undesirables” had been interned and at least half
were killed. Germany was ne lenger interested in peaee
and guit the Leagwe of Nations, withdrawing frem all
disarmarment talks. Hitler was granted dietaterial pew-
ers of the Third Reich and suppressed all sther pelit-
eal parties: He ordered the BurRing of all Besks written
By Jews 2nd nen-Nazis, ineluding fhese ef Einsiein and
Freud, QQFHQHQIH% total conformity and £gndemning 1ib-
eral ideals. Racial Rysteria and prejudice drave many Na-
715 1ntg fAnaticism, and any Eevmans whe persisted in
espousing liBeralish were ¥8 Be destroyed—thieHy jews

and eQEImR: Al Modernist art W%% § ;%FS%@%Q A
f%x¥8¥ SFEHIQSFHSEI reglism, and sefenti 8“828 f Was se-
“81‘1'%? ered By new readlations Befare %939 3%

foteen %% o ﬁanafeéf 8} SEERLt mgna el
feave g‘ h Z1S COI’]

ave erma 1e aZIﬁ AEII’IU 0 er]ilil) l’ZC

trlans str C anc ert
oseé LII’]IO I’ISC erm h fO
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owln; ear € wou B y or 1t wit

In the USSR, famine and starvatlom reached disas-
trous proportions and Jews continued to leave for Pal-
estine in search of a better life. Stalin, not to be outdone
by Hiiler in his inhumanity, began his great purge of the
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Paul Dirac (left), Werner Heisen-
berg, and Erwin Sthrodinger

Commumist Party, arresting, imprisoning, and executing
many Bolsheviks and Trotskyist sympathizers, most ot
them intellectuals, throughout the USSR.

USTRIAN PHYSICIST 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. Tie prize for chemis-
try was allocated to the foundation’s Miain Fund and to
the chemistry section.

1@” Why War? Translated by Stuart Gilbert. Paris: International Institute of Imtellectual
W’ i Cooperation, League of Natioms, 1933.

This slight pamphlet constitutes an exchange of letters between Einstein and Sigmund Freud
on the pradivity of humankind to make war and what action one can take to counter it.

1 Q" The Fight against War. Edited by Alfred Lief. New York: John Day, 1933.

Awilla This sixty-four-page pamphlet contains selections from Einstein's writings and
speeches on war covering the years 1§14-32. The historical setting and usually a specific refer-
ence are given for each statement.

IQ M “On German-American Agreement” (Zur deutsch-amerikanischem Wensttrndiigumg).
Y. Califorinia Institute of Techimidggy, Bulletin 43, no. 138 (1933): 4-8 (im Germam), 9-i2
{in English).
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From a symposium broadcast on January 23, 1§33. See also the New York Times, January 24,
1933-

1 O “Letter to the Prussian Academy of Sciences.” Science, new series, 77 (1933): 444.
LO Kai m this letter of April §, 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.” Hie also expressed the opinion that the academy had slandered him by ae-
cusing him of “atrocity-mongeringagainst Germany in America and France.

18 8 “Victim of MiisunderstamdiingTTimes (London), September 16, 1§33.
» In this letter Einstein explained his position on comimuinism.

1 0A “Civilization and Science."Speecth presented at Royal Albert Hiall, London, Getober
BEwin 4,1933. Published as “Europe’s Danger, Europe’s Hiope™ in 1§34 by Friends of Europe
Publlications, 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 Yark Hewdttfitibone
reprinted the speech as “Personal Litverty"on February 4,1934.

m “Dirac Equations for Semivectors” (Dirac-Gleichungem fur Semi-Vektoren) {(with
a Walther Mayer). Akadismite veanvwweternsthagpsn (Mmsseeddan)). PPoocedidigiys 66 165333):
497-502.

m “Splitting of the Most Natural Field Equations for Semivectors into Spinor Equa-
a tions of the Diirac Type” (Spaltung der naturlichsten Feldgleichungen fur Semi-
Vektoren in Spinorgleichungem vom Diracschen Typus) (with Walther Mayer). Akadeniéevaan
wetensthgpeen AAnsteddan) PRedéns g6 36 333351 6162619,

10Q9 'On the Method of Theoretical Physics."” Hierbert Spencer Lecture at Oxford Univer-
Lwikia sity, June 16, 1933. Oxford: Clarendon, i§33. Also published in The Weoldcasd 56edt It
(1934) and Ideas end Opinians (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,"amd the function of pure reason in science. He
maintained that pure thought can grasp reality, using mathematical concepts to justify his con-
fidence.



Selected Published Papers and Commentary, 98 105

“Notes on the Origim of the General Theory of Relativity.” George A. Gibson Foun-
» dation lecture at Glasgow Wniversity, Jjune 20, 1933. Glasgow Wniversity Rubdicar
tions No. 20. Glasgow: jackson, 1933. Reprinted in Idess and Opindans (1954).

The sponsors of the lecture asked Einsteim to speak about the history of his own scientific
work. He agreed to do so because, as he said, it is easier to throw light 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 who had influenced him and which eventually led to his discoveries, as weli as outlining
the obstacles he had to overcome in his thinking.

S
In Ametica, the Einsteins immediately involved them-
selves in the intellectual and political activities that had
always been of conceen and interest to them. One of their
first invitatlons came from President Franklin D. Roose-
velt, with whor they dined in the Whhiite House in late
Janwary, staying evernight there. Even here, aceording to
Helen Dwkas, Einstein did net wear soeks.

One of Eimsteiim'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 Depiession. Also,
his lecture fees were high. Even though his own needs
were minimal, Elsa enjeyed the amenities of a bourgeois
lifestyle.

Eimstein 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 agalnst fascism.

In May, the family received the bad news that Ilse was
deathly ill in Paris. Ellsa rushed to Europe by ship to be
at her bedside, only to watch Ilse die in July at the age of
thirty-seven. Meanwhile, Eiinstein spent a long summet
on the shores of Rhode Island, along with a physician
friend from Berlin, Gustav Bucky, and his family, sailing
and enjoylng the sea while Ellsa was away. Later that yeat,
Margot and Drnitri came to Princeton, while the widew-
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er Rudolf Kayser, Use’s husband, remained in Europe and
settled in the Netherlands.

In June, Hitdller, 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. Afiter 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.

MIARIE CURIE DIED, and her daughter Irene now took

Bohr (right) and Hisisenberg
at a Nliels Bohr Imstitute eonfer
ence.

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, Emrico Fermi and colleagues used neutrons to
bombard uranium. Tihey established that slow neutrons
(which had passed through paraffin) were more efficient
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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.

Jothn Whezder and Giregory 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 Limear Accelerator.

Fimstein p ays violin with Paul Edwin Hubbie and Miilton Hummason established pho-

EHmenflest on the piano. tographically that there were at least as many galaxies
in the universe as there are stars in the Miilky Way. And
James Chadwick and Mawrice Goldihaber made the first
determinatiom 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 Maim 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).

AQ A The World as | See It {Mein Weltbild). New York: Eovici-Friede, 1934

This book is a collection of excerpts and essays on a variety ef topies; it is the first of
several future editions. Later editions were abridged and do ot contain seme ef the material
in this original version. Armong other essays, it includes Einstein's lectures at King's Celiege in
London and at Columbia Umiversity in New Yerk, both in 1921, and varieus writings en science;
Judaism, and politics published until that time. Nrny of these essays and lectures are reprinted
in Idess and Opiniaas (@954).

1 Q™ “Education and World Peace."Progressive Education 11 {1934): 440. Reprinted in the
dow 8Ju  New York Times, Novemiber 24, 1934.

In this rmessage read at a New York conference of the Progressive Education Association on
Niovember 23, 1934, Einstein said that the United States is in the fortunate position of teaching
pacifism in the sehoels beecause, due to “Ao serious danger” of a forelgn invaslon, it is fiot nec-
essary tg ineuleate a military spirit in students. He called for internatiomall rather than national
millitary means of defense and a strengthening of international solidarity.
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“Presentatiom of Semivectors as Vectors of a Particular Differentiatiom Charactef”
Ll ( Darstellung der Semi-Vektorem als gewohnliche Vektorem von besonderem Differ-
entiomscharaiten) (with Walther Mayeor). Amatds of Mattkemticics, ser. 2, 35 (1934): 164-116.

197 “Introduction” (in English and German). In Leopold Infeld, The Worild in Mutbern St
= ence. London: Gollancz, 1§34.

QQ “Sbituary for Paul Ehrenfest™ (Nashruf Paul Ehrenfest). In Akmarrk van het Leidsche
Whs Studersasps. Leiden: Doesburg, 1934.

Ehrenfest, boern in Vienna, had been prefesser of theoretical physics at the University of Lei-
den and had had a very clese friendship with Einstein since 1912. For many years, he had tried
to attract Einstein to a permanent pesition in the Netherlands. Suffering from a “morbid lack of
self-confidence," according to Einstein, he mercy-killed his sixtesn-year-old son, Vassik, whe suf-
fered from Dowm's syndrome, and then shet himself,

A house became available for the Eiinsteins at 112 Metcer
Street, less than a miles walk to both Fine Hall on the
university campus and the new grounds of the Institute
for Adwanced Study, whieh would be Eisteiins profes-
sienal horme until his death.

Though the Eimsteins 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 eould
be filed enly at a foreigh consulate in a foreign eoun-
try. They ehese to do so in Betmuda and teek a eruise
there in May: Affeer filing their application, they were the
guests of the AmRiican eonsul at a lavish party in Ein-
stein's honek. Five years later, the required waiting time,
Einstein weuld beesme 2 U.S. gitizen.

Einstein also traveled to Massachusetts to receive an
honorafy degree from Harvard University. The Einsteins
spent the summer in Old Lyme, Commecticut, a historic
seaside village on the east bank of the meuth of the Con-

A*“snake oil"salesman putting  neetieut Rives.

on a show in Tennessee. Such In Europe, Gemmany incorporated the Saarland, since
demonstratioms were still 1919 an autonomous region in what is now southwest-
popular through the late 1936s. ern Geimpamy;, into its Reich. The Nazis repudiated the
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Eimstein circa 1935

Versailles Treaty and stopped making World War I rep-
arations while also reintroducing compuisory military
service. As Gemmany began to prosper again, the Na-
zis passed the Nuremberg Laws, by which Jews lost all
protections and security as Gemman citizens, relegating
them to second-class citizenship and prohibiting them
from marrying or having sexual relations with “Aryan”

PUNCH-CARD MACHINE introduced by IBM 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
heavler than an electron. Two years later it was estab-
lished that Yukawars particle was the #ismeson, or pion.

Sir Jammes 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-Cuirie of Feance in recognition of their
synthesis of new radioactive elements, or artificial radio-
actlvity.
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m “Appeal for Jewish Unity.” Address before the womer's division of the American
s Jewish Congress. New Paissiiae 25, no. § (March 1, 1935): 1.

ANN “Peace Must Be Waged.” Interview by R. M. Bartlett. Survey Graphic 24 (1935): 384,
&NV e Einstein offered his view on war and peace in this interview, dealing mainly with
Germamy’s nationalism since the First Worid War. He said that every country needs to surren-
der a portion of its sovereignty through internatiomal cooperation, that people need to thimk in
internatiomal terms, and that, to avoid destruction, humans must sacrifice aggression. He also
stated his belief that humans can abolish war through education.

“Can Quantum-Mechaniical Description Be Considered Complete?” (with B. Podol-
elisky and N. Rasem). Physical Review, ser. 2, 47 (1935): 757-788.

Here the authers brought to public attention Einstein's critical attitude toward quantum
theory (“spooky action-at-a-ditstamae"). They elegantly exposed the consequences of the quan-
tum-mechamiical formalism regarding the representation of a state of a system that consists of
two particles that have been in interaction for a limited time interval. According to their crite-
ria, quantum mechanics does not provide a complete descriptiom of physical reality. If it is to be
complete, then so-called hidden variables must exist. This paper later created contentiom among
physicists, after the work of John Bell in 1964 propelled it into significance. Bell showed that
quantum mechanics must be nonlocal. Subsequent experiments have confirmed Bell's theorem.

Natham Rosen was a young student and collaborator of Einstein's who later became a found-
ing member of the physics department at the Technion in Haifa, Israel. According to Abraham
Pais, the idea for the paper came from Rosen. Before coming to the Institute for Advanced
Study, Boris Podolsky had worked at Caltech in Pasadena. He wrote the actual paper after hav-
ing long discussioms with Einstein.

202 “The Particle Problem in the General Theory of Relativity” (with N. Rosen). Physi
u cal Review, ser. 2, 48 (1938): 73-77.

AN “Elementary Derivation of the Equivalence of Mass and Energy.” . W. Gibbs Lee-
e ture to the American Assesiation for the Advancement of Science, Becember 28,
1934. Bulletin of the Amarican Matbemadical Sesiagy 41 (1935): 223-230.



Hitler preaches the superikoriity
of the Aryan race, but African
American Jesse Owens wins
the gold at the 1936 Berlin
Otympics.

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 Chiistmas. Though Eiinstein was depressed during
the time she was ill, he recovered rather quickly after her
death. It may have helped that he was net alene A his
heuseheld: he still had the eompany 6f Manget, whe had

otten a diveree from Dmitki, and Helen Dukas—and

I8 werk. Thiee years later, his sister, Maija, weuld jein
them s well:

Hans Albert received a doctorate from the ETH
(formerly the Poly) in Zurich. The following year he
came to the United States to visit his father, and in 1§38
he resigned his position in Switzetland and moved to
the United States with hls 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 hydraulle engineering at the University of

111
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California in Berkeley in 1947. After his wife, Frieda, died
in 19§8, he married Elizabeth Roboz.

Allbert Eimstein came to understand and read English
quite well, but the middle-aged man never mastered spo-
ken Emgfish 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 Gemman and then translated into English
by Helen Dukas or colleagues.

German troops occupied the Rhimeland, 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. Hitdler's foreign
policy and plan for domestic construction were approved
by an astounding §8.8 percent of the voters in a new Ger-
man referendum on Mairch 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 1. Not all were eager to join, however. An Austro-
Germnan convention reiterated that Awstria was an in-
dependent country, a state of affairs that would change
in two years with the Afsechluss ((utitan off the two coaum-
tries).

IN MEDICINE AND THE SCIENCES, great strides were
being made. Dr. Alexis Carrel and his lab assistant, the
aviator Charlles Lindbergh, developed the first artificial
heart to be used during heart surgery, by inventing the
perfusion pump.
Edwin Hubble, in his book The Realim of the Nebulae,
suggested that the universe extends out about §66 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.

Emglish mathematician Alan Turing, while a gradu-
ate student at Princeton Uniwersity, published a paper in
which he described the “Turing machine,” the abstract
precursor of the computer. Turing committed suicide in
1954 in Emgfland by cyanide poisoning.

Hams von Ohain, who designed the first operational
turbojet engine, gained a patent for his machine. Frank
Whiitde had already filed the first patent for a jet engine
in 136, but Von Ohaiin's jet was the first to fly, in 193.

Thhe 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. Amdlerson of the United States for
his discovery of the positron. The chemistry prize was
awarded to Peter Debye of the Netiherlands (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.

inl “Some Thoughts Concernimg Education." Tramslated by Linda Arronet. School and
A5 e Society 44 (1936): §89-522. Reprinted in Ideas aml Opinions (1954) as “On Educa-
tion.”

In this speech, given at a convocatian of the State Umiiversity 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—aill of which he
had detested in the German educational system of his youth.

205 “Freedom of Learnimg:"Siéamue 83, new ser. (1936): $7:2-373.
[ ]

‘]ﬁ/‘t “Physics and Reality."Jfownnal of the Framiiin Instiotte 2211, no. 3 (March 1936): Sus-
- WWin $47. Regrimted in Ideas and Qpinions {(Psy).

Einstein, who was awarded the Franklin Miedal in 1§35, argued that the quantum-mechani-
eal description can be considered only as a way of accounting for the average behavior of a large
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numiber of atomic systems. in the following words, he expressed his belief that it should give
exhaustive descriptions of individual phenomena: “To believe this is logically possibie without
contradiction, but it is so very contrary to my scientific instinct that | cannot forgo the search
for a more compiete comception.*

207 “The Two-Body Problem in General Relativity” (with N. Rosen). Physieul Review,
n ser. 2, 49 (1936): 404~405.

20& “Lens-like Actiom of a Star by Deviatiom of Light in the Gravitatiomal Field."
Science 84 (1936): 506-507.

Though Eimstein 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 sponsots 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. Befote this, scientists had
thought that electrons, protons, and the newly discovered
neutron were the enly fundamental particles. The muon
is an unstable lepton (a particle that has spin quantum
Aumber ¥ and experiences ne strong forees) that is eem-
fren in the eesmie radiation near EARihs surface.

Grrote Reber constructed the first radio telescope in his
backyard in Wieaton, Illinois. He built the telescope at
his own expense while working for a radio company in
Chiicago.

The Nobel Prize in physics was awarded jointly to
Clinton Joseph Davisson of the United States and Sir
George Paget Thaomson of England for their experimen-

Sir Ernest Rutherford, discov-  tal discovery of the diffraction of electrons by crystals.
erer of the nucleus, dies. The chemistry prize was divided equally between Sir
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After four years and $35
mitlion, San Francisas's Golden
Gate Bridge opens for traffic.

Walter N. Haworth of England, for his investigations on
catbohydrates and vitamin C, and Paul Karrer of Swit-
zerland, for his investigations on carotenoids, flavins, and
vitamins A and B3.

“Om Gravitatiomal Waves” (with N. Rosen). Journal of the Franklin Institute 223

w (1037): 43=54-

This year, great waves of immigration into the United
States followed the annexation (Anschiusg)odfAusstizablyy
Genrmany in March. Einstein could no longer handle the
flow of appeals that came to him, and his finances be-
came limited while Amesica was still going through the
Drepiession. He was now part of an ever-growing number
of Jewish refugees in Amesiea, many of them academies,
theugh he did net seeialize with them exelusively. His
elasest friends were edueated, nenacaderic professionals
sueh as physielans, artists, and writers.

Eiimstieiin's second grandson, Hans Allbert and Frieda's
son Klaus, died suddenly late in the year at the age of
six, possibly of diphtheria. Einstein wtote to the couple
in January 639, after he had learned of the death: “The
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deepest sorrow loving parents can experience has come
upon you... Alithough 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 Gemmany and Italy to settle European
problems amicably, but the United States withdrew its
ambassador to Gemmamy, and Gemmeamy, not to be out-
done, recalled its ambassador to the United States. The
infamous Khiftallteshhs took place in Novemiber, and
Hermann Goering, the outrageous, brutal, and cunning
commander in chief of the German Air Fotce who had
gained power in economic and political circles, fined
Gammamy's Jews a million marks and ordered the “Ary-
anization” of all Jewish businesses. Geering 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. Chhaiilles Lindbergh
had accepted the German Mkdal of Homor from Goer-
ing, causing outrage in the United States. Tie following
year he made himself even more unpopular by criticiz-
ing FDIRS policies, whereupon the president denounced
Lindbergh. The aviator never returned the medal.
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HIS YEAR IN PHYSICS, Otto Hahn, Lise Misitmer, Eritz
Strassmann, and Medittmen’s nephew Otto Erisch 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.

Tihe Nobel Prize in physics was awarded to Italy’s
Emrico 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. Germamy’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. Tthe 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. Latrer, he did at least accept the
medal and certificate.

m A “Our Debt to Ziomism.” Address to National Labor Commiitttee for Palestine. New
Palegtine 28, no. 2 (April 29, 1938): 2—4. Reprinted in Ideas ami Opinions (1954).
This essay is part of an address given to the National Labor Comumiittee for Palestine in New
York City on April 17, 1938. Focusing on the current troubled times for Jews, Einstein said that
Zionigim had renewed a sense of community among the Jews, enabling nany of them to escape
anti-Sernitiyin and engaging them in productive work in Psllestine,

m “Why Do They Hate the jews?*Tramslated by Ruth Norden. Collier's Weekly 162 (No-
vember 26, 1938): 9-10, $8. Reprinted iin Ideas and Opinitwas (GP5a).

In answer to this question, Einstein sald that Jews were the object of discrimination because
they are thinly seattered threugheut the Disspera ane therefere unable to defend thermselves
against attaeks, usually initiated by envieus antagenists. kitsterieally, they have been eharged
both with trying te assimilate and with being tee elannish. He maintained that societies need
f;iﬂ@g%ﬂ%%% greups; beth political and soeial; fer their invigarating effect on all aspeets of

6.‘
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“Gravitatiomal Equations and the Problems of Motion” (with Leopold Infeld and
= Banesh Hoffimann), part 1 (see paper 223 for part 2). Anndis of Mathematics %5,
ser. 2 (1938): G5-100.
Discussing their theory of the interactiom of point masses with gravity, the three physicists
showed that the laws of motiom of such particles follow the gravitatiomall field equations.

01Q “Generalizatiom of Kaluza's Theory of Electricity” (with Peter Bergmanm)). Ammids of
Sud s Mathematics 39, ser. 2 (1938): 685-701.

Peter Bergmann was Einsteiirls assistant at the Institute for Advanced Study until 1941, and
they coauthored two papers: this one and one in 1941, which included another assistant, Val-
entine Bargmann, as a third author. In 1942, Einsteim wrote the foreword for Bergmami's text-
book, Intrastistivion to the Theomy of Réldeliity.

QY A The AVEAHSR of Rhysics: Tie Growth aff Ideas from Early Canceptis to Relatinigy and Qouata
&k T (with Leopold Infeld). New York: Simom and Schuster, 1938.

In this popular book, Einsteim and Infeld presented the ideas behind relativity theory and
traced physical thought since the time of Galileo. They did so without the use of mathematics,
making this a useful guide for laypeople and physicists alike. Infeld, who had come to the Unit-
ed States from Poland, worked as an assistant to Einstein at the Institute for Advanced Study
from 1936 to 1938. From 1938 to 1950 he worked at the University of Toronto, but them the Ca-
nadian government accused him of dispensing secret atomic bomb informatiom to the Soviet
Union and he returned to Poland, dying there in 1§68.

Eiimsteiin's sister, Maja, came to Princeton from Italy. Her
husband, Paul Wiintellerr, had been refused entry into the
United States because of health problems, which at that
time made one ineligible for immigration. He meved to
Gemeva to live with friends, but Maja decided to move to
Princeton to be in a safer haven with her brether, hoping
to rejoin Paul later. The Einstein heuseheld en Meicer
Street new eonsisted of Einstein, Maja, Maigot, Hel-
&R Dwikas, and a deg, Clhiieo, and eat, Tiger. All of them
weuld esntinue o live iR the Reuse until their deaths,
with Marget being the last te die in 1986.

By now Eiimstein 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 Ihome—Eimstein’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-
ploned.

Because of his reputation as a genius and humanitar-
ian, Eimstedin'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 Einsieiits sumemer retreat at
Peeonie Bay in Rhode Island. Anotiher physieist, Eugene
Wiigieir, was at his side. Tihey reperted that, in new ex-
periments with Uranium, German chemists Otte Hahn
and Fritz Strassmann had demenstrated the pessibil-

ity of splitting the atem of uranium=233 (Whieh, a5 Aus-
frian physieist ise Mribner explained 8 them frem her
exlle 1n Sweden, was “Auclear Rssion’). Wikh this devel-
SpEnt; scientists weuld s8R Be aBle to achieve 2 eham
Feaction that could produce 2 Ruge amauAt 8f ener,
gesiBly 2 Assign BomB—and the visitar feared H§¥
eid H}l%m BE%!H Wark 8A sHER 2 BaMB: They fe-
gSHSHE 3k 1EE09RiZIng the fPH%llE%HSH% Fredenic HESE
France fiad lmmEH %l% grdered stk 1ons of HF

8§{ %H-om Ihe ﬁe an l%bo and he Hea‘ﬁ""a e { use asa
mo era O ang COO lIl u%ear 1€ac g%g 1000 or g

an sen ma erla an a e m
sen eria € 1n
erman arm e VJS] OI’S ell' OSt anX.IOU
erm e v Sl o t elr
rec n|ze
t at an m1
025[ tess Jn gggn% n C al t
e 0. 1 1 n m reac IOnS an
a% f projec Tﬂ
on an atomlc rOJCCt of 1ts OWIl

By August, Sznlard 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 it
Geirnany succeeded in building a bomb and the United
States neglected to do so. Einstein signed the letter, and
it was delivered to Roosevelt—though net until mete
than a menth after World War 11 had already begun en
Septernber 3. Roosevelt thanked Eimstein fof the imper-
tant news and proceeded to appoint a commitiee to do a
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Einstein and family members
at the World’s Fair in New York
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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. Eiinstein 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 wete living In
both economic fear and fear of watr. 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.

Eiinstein was present when the cornerstone of Fuld
Hall, the Institute for Adwanced Study’s first building,
was laid on May 22.

On September i, Germany invaded Poland and
annexed the northern German-speaking port city of
Danzig (Gdansk). Wiithin two days, Britain and Franece
declared war on Germany, while the United States re-
mained neutral. Gerrany continued to overrun west-
ern Poland and took Warsaw, the capital clty, immedi-
ately installing a Nazi governor-general in Poland. At
the same time, the USSR was invading Poland feom the
east. In England, women and children were evacuated
from London—wtere the English translation of Hitlet's
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WMEiin Kamgpf 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. Mieammwihiille, at the dawn of World
War 11 in Europe, Sigmund Freud died in London at the
age of eighty-three.

N 1939, NIELS BOHR proposed his “droplet model” of
the nucleus, which paved the way for nuclear fission. Ac-
cording te this model, short-fange forces pull nuclear
partieles together, similar to the way in which molecules
of aliguid attract one anether. Basieally, the theory stated
that a fissien reaction might be initiated if a Reutron hit
the heavy nueleus ef an atem. Bohr disesvered that the
Fare Uranium-233 was fissienable and the mere eommen
isetepe Hranium=238 was Ret, which beeame impertant
te the werk of the Manitakian Prejeet.

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. I. Rabi and his collaboratots developed
a method for measuring nuclear magnetie moments,
whieh forms part of the basis for lasers, atomie eloeks,
and measurerment of the Lamb shift. Ameiicans viewed
their first televisien Breadeast, launehing a sea ehange in
Reme entertainment.

Emnest 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,
especlally with regard to artificial radloactive elements.
The ehemistry award was given to Adolf Butenandt of
Getnnany for his work en sex hermenes and te Lee-
pold Ruzicka of Switzerland for his studies e pely-
methylines and higher terpenes. As with Richard Kuhn
the preceding year, the German goverAment pressured
Butenandt inte refusing o aceept his prize oA pelitieal
grounds, but; like Kuhn, he resgived the medal and ser-
tifieate later.
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Albert Einsteim circa 1959

“Our Goal.” Address at a conference at Princetom Theological Semimary, May 1§,
» 1939. Mimeograph. Reprinted as part 1 of “Science and Reliigion™ i ideas and Oppin-

ioms, 41-44. See paper 22§ for part 2. Also see papers 156 and 256 on the same topic.
According to Einstein, scientific and rational means cannot fully serve to influence a person’s
convictions and beliefis—they have their limits.Hearefore, the most important functiom of reli-
gion in our social lives is to make clear a society’s values and goals, its powerful traditions that
have given a foundatiom to aspirations and values.Traditioms do not need to be justiffied because

they have already worked well in a healthy society.

£ [Sixtieth Birthday Statement.] Science 89, new ser. (1939): 242.
&=L\ u Einstein very briefly discussed the American scientific spirit, expressing appreciation
for the ideal working and living conditioms he was enjoying in the United States.

077 “Europe Will Become a Barren Waste."iMew Palettine 29 (March 24, 1939): 1-2.
skl w1 Based on a radio address in support of the United Jewish Appeal entitled “Humanity
on Trial,*this statement was also distributed as a leafiet.

ms “Stationary Systems with Spherical Symmetry Consisting of Many Gravitating
w Masses(*Anmalls of Mathhematidics, ser. 2, 40 (1939): 922-936.



British prime minister Winston
Churchill makes a warntime
tadio address.

Noting that no decisive action had been taken after his
warning about atomic energy, Eiimstein sent a second let-
ter to President Roosevelt in Maich, stressing the urgen-
ey of the situation. But the pace did not pick up until the
fall of 1941,

Eiinstein became an American citizen on October t.
Along with Helea Dukas and stepdaughter Margot, he
went to the courthouse in Trenton to take his oath of al-
leglance. 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 Chammberlain resigned;
Churchill passionately delivered his famous “blood,
sweat, and tears” speech to rally his country and pre-
pate thern for what lay ahead. Gesmany invaded Nor-
way, Denmatk, Holland, Belgium, and Luxemboutg; the
Dutteh and Belgians surrendered and Gesman occupa-
tien began in the two countries. Italy declared war on

123
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Einstein, stepdaughter Margot
(right), and secretary Helen
Dukas become U.S. citizens.

France and Britain, and the Geimnans entered Paris in
June. Germany conducted a Bllizididgs (literally, light-
ning war—here, all-night, intensive aerial bombing) of
London. Japan, Genmanmy, and Italy—the Axis Powers—
signed a military and economic pact. Thioughout all of
this turmoil, many of Europe’s greatest scientists man-
aged to flee to the United States.

In America, voters elected Franklin Roesevelt as presi-
dent for an unprecedented third term. In anticipation of
war, he asked Comngress 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 Seith Act required all aliens to registet.

Y 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 ameunt needed for a bermb would
be relatively small and therefore the building ef a bemb
weuld 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 uranlum Isotopes; while dolng so, he developed
statistical methods of isotope separation that permitted
large-scale production of uranlum-233. Further, Noerbert
Wiener propesed the eonstruction of vacuum-tube elec-
tronie computess that could, by using binary mathemat-



Selected Published Papers and Commentary, 1942-43 125

ics on magnetic tape, make totally preprogrammed digi-
tal calculations.

Vannevar Bush, director of the Camnegie Institution of
Washington, organized the National Defense Research
Comumiittee to mobilize Amenica’s scientific resources in
support of the war effort. «

This year through 1842, no Nobel Prizes were award-
ed in physics and chemistry. Instead, the prize money for
these years was allocated to the foundatiom’s Main Fund
and to the Special Fund of each section.

01’9 “Freedom and Science/" Translated by James Cutmamm. In Freedom: lts Memirigg, ed-
[ n ited by Ruth N. Anshen, 381-3y83. New York: Harcourt, Brace.

After stating that most peopie can agree on two goals—to satisfy their basic physical needs
through the least amount of work possible and to be spiritually content, for which they must
have the chance to develop their intellectual and artistic gifts—firsteim said that the freedom
to express oneself is paramount. People should not have to work so much that they have meither
the time nor the strength to express themselves creatively or with independent ideas.

AON “New Bond among Nations”(euer Bund der Nationem). Aufbau 6, no. 26 (Decem-
‘wilki AW a ber 27, 1640): 1~2.
This article is based on an interview at the time Einstein received his American citizenship.

221 “My Position on the Jewish Question” (Meime Stellung zur jiidischem Frage). Aufbau
s 6, no. 52 (December 27, 1940)): §.

5)6)5) [Statement on the significance of Americam citizemshiip.] In | Am an Ameitean: By
Famous Nattuetittzed Ameiisnss, edited by Robert Spears Benjamim, 43-447. New York:
Alliance Book.

223 “Gravitational Equations and the Problems of Motion” (with Leopold Infeld), part
s 2 (see no. 212 for part 1).snmals of Matkemttics 41, ser. 2 (1940): 455-464.

0}‘) /] “Considerations Concerning the Fundamentails of Theoretical Physics.” Science 91,
new series (1940): 487-432. Reprinted in Idews and Opimoons (1954) as “The Funda-
ments of Theoretical Physics.” Address to the Eighth American Scientiffic Congress, Washing-
ten, D.C., May 24, 1946.
Einstein traced the development of theoretical scientific thinking and the attempt to find a
HRifying theoretical basis for each branch of science.



The destruction at Pearl
Harbor, as photographed by a
Japanese pilot

Eimstein became a grandfather again, with the adoption
of Evelyn, born in March, by Hans Allbert and Frieda.

On the eve of the attack on Pearl Hatbor, the U.S.
government at last decided to embark on a massive tech-
nologieal and scientific enterprise in support of the de-
velopment of atomle energy. Plans were made for the
highly elassified Mamnhattan Project, to be earried out
by eminently skilled physieists and technieal experts in
laberatories iR Lot Alames iR the New Mrxice des-
ert. WieR the Manhakian Preject was established, its
first majer ehalleng: was te find aeeeptable ahd plenti-
ful seurees of fuel fBF the BamBs. BatH Uféﬁilfim‘%%; and
plutenium-=-233 were likely candidates Beeauss they eauld
sHstaln 2 ehaln reaction, which gives the afomic Bemb
113 powet:

Finstein was ready to help in the effort but was unable
to do so: he could not get the required security clearance:
Hiss newly adopted homeland considered him a security
risk because of his leftist sympathies. Indeed, agents had

126
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The carving of Mount Rush-
more was halted in 1941 when
the United States entered
World War Il

been following his every move for years and were con-
tinuing to do so without his knowledge. Tlhe massive EBI
file on Eimstein can now be seen on the FBil’s Website on
the Internet and is discussed thoroughly in a recent book
by Fred Jerome. In the end, the FBI reports concluded
that Fimstein did not appear to have Commumist 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 Eimsteim’s warnings helped to establish the
Mamihattan 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, Eimstein 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 Gemmans by the
end of the war.

The U.S. government did seek Einsteinfs 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-
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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 Gemmany opened its counteroffensive in North
Affrica and invaded Russia, seeking to expand the Thitd
Reich. Tihe Gemman battleship Bidmarck sunk the Brit-
ish battleship HMS Hood after one of the fiercest naval
battles in history, and then Alllied torpedoes succeeded
Swing sweeps the mation. in sinking the German vessel; the wreck of the Bismarck
Count Basie and his orchestra ~ was discovered in 1989 at a depth of 15,766 feet, and the
are among the most popular of  Hood was found in 266t.
the big bands. 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 16,
Germany declared war on the United States. Italy fol-
lowed suit, and the United States declared war on both
countries. In the U.S. Comngess, only one congressional
representative, pacifist Jeanette Rankin of Montana, cast
a vote against declaring war.

LENN 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.

“Science and Religion, Part 2." In Science, Philaspphy amd Religion, a symposium vel-

= ume published by the Conference on Science, Philosophy and Religion in Tinei

Democratic Way of Life, New York, 1941. Reprinted as part 2 of "Science and Religion” if

Idesss and Opinions (1954), 44-49. See paper 215 for part 1. Also see papers 156 and 256 on the
same topic.
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Einstein said that he can define science, but he cannot define religion. Therefore, if a person
elaims to be religious, he assumes it is someone who has values of a superpersonal, not mate-
rialistic, nature. Conflicts between science and religiom have sprung from fatal errors, religion
can learn from science to achieve its goals, and the source of the need to seek truth through sci-
ence springs from the religious sphere, that is, from a faith that the rules valid for the worid of
existence are rational. He made his famous remark, “Science without religion is lame, religion
without science is blind *

OMfR  “Five-Dimensiomal Representatiom of Gravitatiom and Electricity” {with V. Barg-
&i#&iUs mann and P. G. Bergmann). In Thesiloee von Karman Amiveersgry Volumee, 2122255 Pas-
adena, Calif.: California Institute of Technology, 1941.

227 “Credo as a Jew." In Unieessinl Jeniish Encytbopedia 4 (1941): 32-33.

“The Common Language of Sciemce.” Advancement of Sdéenee (London): 2, no. §
» (1941). Reprinted iin Ideas and @pinions (Lsa).
In this broadcast recording for a science conference in London on Septemiver 28, 1941, Ein-
stein spoke of language as an instrument of reasoning and of the intimate connection between
language and thinking.

. |
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 Gemesal Dwight D. Eisenhower in Eutope and
North Affiiica. The Japanese continued to invade and
capture territories in the Pacifie and defeated the U.S.
fleet at the Battle of the Java Sea. Tihe Japanese eceupied
Bataan en the Philippine Peninsula and foreed seventy
theusand Ameiican and Filipine seldiers ta mareh mere
than sixty miles te a nerthern eamp; abeut 18 pereent
died en the way, while the ethers wete Brutally mistreat-
ed and starved during what beeame knewn as the Bataan



130

Uneasy alliance: Josef Stalin,
Franklin Delano Roosevelt, and
Winston Churchill

“Women had a big share in fill-
ing these bundles for Berlin."

THE EINSTEIN ALMANAC

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 bormbing of Get-
many began by the end of 1943.

In the United States, Japanese Americans of all ages
were undergoing hotroes of their own. Even those born
In the United States or holding U.S. citizenship were
new considered a threat by the government and were
foreed to leave theif hemes on the West Ceast and in
Latin America. Caravans of military vehieles transperted
them te ten speeial inland detention eamps unt! the end
of the war. A little-knewn fact is that many [talian Amer-
ieans were foreed t8 meve as well, all this as beth japa-
Rese and ftalian sans were sent 8 war 8 the American
side: Mioke than fifty years later, the Jepanese weuld re-
gelve minsr F@BEFEHBH% for the IHHig'ﬂE &3 they suffered,
while the Mliiﬂ% were still struggling t8 F@I heir stary
known. tn 2008, Eangress asked the vl Righ Bivi-
$180 8F the Y:8: B%% Artment 8FJustice 18 Investigate re-
§8ﬁ§ that thousands SF ftalian Americans were sHested;

HAded ? or intsrned and that their iomss were Faided

8 Property was conHseated during Wit War 1t:

ORK BEGAN at the Clinton Emgjineer Works (now Oak
Ridge) in Tennessee to extract uranium-235 from ura=
nium ore. Early in 1942, General Leslie Growves was ap-=
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U.S. Marines are the first to
desegregate. Blacks and whites
share time on the diamond at
Camp Lejeune.

pointed director of the whole Mamitattan 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 Metalllurgical 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
Chicage'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 Mainhattan Project; he became a U.S.
citizen in 1944.

Meanwihile, John Atanasoff and Clifford Berry, at
lIowa State University in 1§42, finished building the first
electronic digital computer, the Atanasoff-Berry Com-
puter, or ABC. It incorporated several major innova-
tions, including the use of binary arithmetic, regenerative
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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 1842. For 1843, the physics award went to Otto
Stern of the Carnegie Institute of Technology in Pltts-
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.

®MN  “The Common Language of Sciemce ” Advancement of Scienee 2, no. § (1942): 108,
& win A radio address to the British Associatiom for the Advancement of Science, givem in
Septemiber 1941 but not published until the following year.

AN “Demonstration of the Non-existemce of Gravitational Fields with a Nom-vanish-
B )V ing Total Mass Free of Singuilanitiees. T Tucunmn Unieesisiattd Nanidonlal, Revistea, ser. A, 2
(1942): 118,

Based on an address before a joint meeting of the American Physical Society and the Ameri-
can Association of Physics Teachers, Princeton, N.J., December 29, 1941, entitled “Solutions of
the Finite Mass of the Gravitatiomal Equations."

C)Qll “Nonexistence of Regular Stationary Solutioms of Relativistic Field Equations®
vk (with Wolfgang Pauli). Annals of Mutkemticics 44 (1943): 131-137.
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Einstein and Bohr debate
quantum mechanics.

Einstein made a major contribution to the war effort this
year. To raise money for war bonds, he had agreed to copy
his 1965 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 §§ million. Eiinstein was astonished. The buy-
ers donated both copies to the Liibrary 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 Afiica, with gains and losses on all sides.
In June, D-day (the Normandy invasion) took place—a
huge Alllied 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 Gemman mil-
itary officers who felt peace could be achieved only by
Hitfet's removal conspired in an attempt to assassinate
the Fiihrer. The effort failed when the briefcase contaiin-
ing a bomb was bumped aside from Hitller’s path, and
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Einstein with chorus girls

Hiitler suffered only minor injury. Gertnan field marshall
Erwin Rommell (the “Desert Fox”) supported Hitlet’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.

OHN VON NEUMANN and Oskar Mengesstern published
their formulation of game theory as it applies to human
economic behavior, using zero-sum patlor games such
as poker and chess. Stanislaw Ulam and Edward Tell-
er, while working on the Minhatttan Project, developed
a two-stage radiation implosion design that employed
both fusion and fission and allowed the detonation of
thermonuclear weapons.

Tihe Nobel Prize in physics was awarded to 1.1. Rabi of
the United States for his resonance method of recording
the magnetic properties of atomie nuclel. The chemistry
prize went to Otto Hahn of Getmany for his discovery
of fisslon of heavy nuclel.

“Gandlhii's Statesmanshitp* In Mohatma Ganthi: Essaps and Refletiions on His Life and
= Work, edited by S. Radinakrishnan, LomdonrAllen and Wnwin, 15,
This work was originally presented to Gan . on his seventieth birthday in 1939 and then re-
published. Einstein was an ardent admirer of Gandhi and his nonviolent methods.
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“The Arabs and Palestime” (with Erich Kahier). Princeton Herald, April 14 and 28,
. 144,
Einstein vigorously stated his belief that a place must be made for the Arabs in Pallestine.

“To the Heroes of the Battle of the Warsaw Ghetto.” Bullerin of the Segieyy of Pedish
w Jews (New York) (wppg).
In this two-paragraph statement, Einstein famously blamed the Germans as an entire pee-
ple” for the mass murders in Europe because they elected Hitler by a high majority while being
aware of his intentions, as outlined in his book and speeches.

“Remarks on Bertrand Russell's Theory of Knowledge ” In The Philespphy of Beetrand
m Russdi], edited by Paul A. Schilpp. Library of Living Philosophers, vol. 5. LaSalle, lil.:
Open Court, 1944.
After stating his admiratiom for Russell, Einstein discussed the evolutiom of philosephic
thought about the objective world and the world of concepts and ideas.

236 “The Ethisal Imperative - Qninian 14 (March 1944): 8.

“Bivector Fields I" (with V. Bargmann). Anniis of Mabbemddics 45, ser. 2 (agad) 1~
14.

Valentine Bargmann, a mathematical physicist, was one of Einsteii's assistants at the Imsti-
tute for Advanced Study and a talented pianist. His wife, Sonja Bargmann, transiated the essays
in the popular book ideas and Opiméoss, for which Bargmanm wrote an introduction for the scien-
tific part (pp. 217-220).

“Bivector Fields |1."Amails of Mubhemtitics 45, ser. 2 (1944): 15-23.



The United States drops atom
bombs on Hiroshima and Naga
saki, ending World War 1.

Eimstein 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 physleists’ con-
cerns abeut the lack of contact between those conduct-
ing elassified researeh and these making pelicy. Einstein
did net knew the exact nature of the Mamitalkkan Prejeet,
But presumably he was teld that it eeuld have grave een-
sequenees: Reesevelt, hewever, died on Apyil 12 and ev-
8F saw the letter. He alse did not live o see the ending ef
Griuman fesistanee that MBRH, HiMRYS suicide 8R APFil
f_& and the official Geyman surrender 8n May 7. The Al-
ied offensive finally emerged vietarious in Eurape, and
V-E Pay W‘i‘&%‘f{r Bver Exiepe) was deelared on Mey §:
Byt Japdn had nat yet surrendered:

On July 16, an atomic bomb was tested at Alamogordo
in the New Mexico desert. Thiree weeks later, on August
6, the U.S. B-52 bomber Enaléx Gay dropped a uranjum-=
235 bomb, nicknamed “Liittle Boy,” on Hiireshira. Three

136
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Einstein in 1945

days later the bomber Boek's Car dirgppet] saphlutorium-
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 11 ended on August
14, both in Europe and in the Pacific. Close to §6 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 Eimstein 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 Eiinstieiim’s warning, simply because the technol-
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ogy had become available in the United States and in
Engfand.

In June, fifty nations signed the United Nations chaf-
ter (Poland signed later), to go into effect October 24,
and the League of Nations turned over its assets to the
new organization.

Eimstein 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 16 dinner at the Astor Hotel in New
York honoring Nobel Prize winners, Eimstein 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 YEAR THE NOBEL PRIZE in physics was awarded to
ia's Wolfgang Pauli for the discovery of the exclu-
sion principle, also known as the Pauli principle. Artturi
Vimtanen of Finland received the award in chemistry for
his research and inventions in agricultural and nuttitional
chemistry, especially for his fodder preservation method.

“Einstein on the Atomic Bomb.” Edited by Raymond Swing. Atkmitic Monbhly 176

» (November 1945): 43-45. Articles with the same title had appeared iin the Mew Yank

Times on October 27 and October 2§. Reprinted as “Atomic War or Peace, Part 1,” in Idews and
Opindons (1954), 118128, See paper 25i for part 2.

Einsteim advocated a world government for the purpose of controlling use of the atomic
bomb and all armaments. It should be founded, he wrote, by the three great military powers:
the United States, Soviet Union, and Great Britain. This world governmemt would have power
over all military matters and be able to intercede in countries where oppression occurs, because
& werld government is preferable to the far greater evil of wars, Later, the Russian Academy of
Seience deneunced Elnstein for advocating such a system (see Ideass andl Opinidons, 1§4-148).

The Emergency Committee of Atomic Scientists distributed a reprint of this articie in Novem-
ber 1947 and January 1948 with an appeal for financial support.

“On the Cosmological Problem "Mmericansitholar 14 (1945): 137-1556. Corrections to
= the article are on p. 269 off the jiourmal.
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AAM1  “Generalization of the Relativistic Theory of Gravitatiom” Annals of Mathemutics 46,
gui 0 L ser. 2 {1945): 578-584.

MAAN “Influence of the Expansion of Space on the Gravitatiom Fields Surrounding Indi-
Tima vidual Stars” {with E. G. Straus). Review of Muttenn Physees 17 (1945): 120-124; cor-
rections and additions, 18 (1945): 148-149.
Ernst Straus was Einstein's collaborator at the Institute for Advanced Studly. His recoliections
of working with Einsteim can be found in A. P. Erench, ed., Eimstein: A Ceniangyy Volume (Cam-
bridge: Harvard University Press, 1979).

91 “A Testimonial from Prof. Einsteim.” In Jacques Hadamard, An Essay on the Psychol-
&b ogy of Invention in the Wathhemutital Mind, 142-143. Princeton, N.J.z Princetom Uni-
versity Press, 1945. Princetom Science Library edition: Appendix, in The Mathemtetnisn's Mimd:
The Psyatetdggy of Inwanttion in the Mathemtdital Field. Princeton, N.J.: Princetom University Press,
1996.

Einstein answered a questionnaire that Hadamard, a French mathematiciam, had sent to
mathematiciams for a survey on how their mental processes work.

244 “On Harnessing Solar Energy.” New York Times, August 14, 1945.
n

In the postwar years, Eimstein 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 “Gandihii’s meth-
ods” to achleve It. He belleved that, as long as individual
natiens maihtained separate armaments, there would al-
ways be wars, He teek on the ehalrmanship ef the new-
ly formed Emergency Commiiiee of Akomic Seientists,
which was eeneernied with the peaseful uses of atomie
energy. Fram new uAtil the end of his life, he immersed
himself in questions of peace and werld gavernment. He
330 supperied the state of Israel, even theugh he did et
always agree with {is pelieies: As 8 his relationship with
Germany, e weuld net reegneile with the eguntry aRd
wanted RSthing 8 48 with Germans exeept for the few
whe had Been steadfast in their oppesition {8 Hitler:
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Eiimstieiini's sister, Majja, planned to return to Gemeva af-
ter the war to rejoin her ill husband, but it was not te be.
She suffered a stroke and remained bedeidden, and the
condition worsened over the years. Eimstein faithfully
read to his sister, who had eomme to resermble hir greatly
in old age, every night.

THIS WAS A YEAR of several achievements in physics. Lev

Landau of the Soviet Union postulated an attenuatien
of wave motion when the velocity of a wave is compara-
ble te the velocity of electrons in plasmas; he would win
the Nobel Prize in 1963. Wiilllakd F. Libby began te de-
velep radieactive earben-4 dating, for whieh he received
the Nebel Prize in ehemi&rg in 1960. Grorge Gamew
suggested that the relative abundances of the elements
had been determined By Ruelessyntneyis during the early
stages of the HRiverses expansien. Fred Heyle st %s.s,tse
that esllapsing stars will egntinue I8 eoliapse uAHl the
Beeame roarignally unstable and tRrow off the Reavy &f-
ements they have BHilt 4p: ARd Jo%R VR Neumany and
eolieagues SSHHSS the E8HESBE 8F & SgHware Q%Bgfgm
and shgwed Rgw 2 cam HE%E &auld 8&88%&% 34 (8-
gf%ﬁl SEieRURR 4t the batverstt of f-’ﬁ”“s %%ﬂi%

E e ENi e & °°m§“¥er C° Al § ghitec) % SH:

£s W 1
n vacuum u athl -5 e

e Was 85§i P e 3
m%o e
uter m USt

The Nobei 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-piessuie physics.
One-half of the ehemistry prize was awarded te James B.
Sumner of the United States for his diseovery that en-
Zymes can be erystallized, and the ether half was award-
ed jointly te Joha H. Nerthrup and Wendell M. Stanley
of the United States forf their preparation ef enzymes and
viFus preteins in pure fafm.
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MATF  “Social Obligatiom of the Scientist.” In Treasuyy for the Free Worldl, edited by R. Rae-
s r'Jla burn. New York: Arco, 1946.

This book originated from the files of Free World, a publicatiom that dissemimated the ideas
of internatiomal leaders on the urgent problems of the time. Whiile it was being prepared, the
atomic bombs fell on Japan. In the book, sixty-one world-renowmed figures, including Charles de
Gaulie, Eiorello La Guardia, Marshal Tite, Julian Huxiey, and Darryl Zanuck, gave their opinions
on the current world situation. Einstein's essay is presented in the form of a questionnaire. He
is asked (1) how scientists can make their influence felt toward the aim of world cooperation
{through the establishment of an internatiomal body that presides over military matters); (2)
if scientists should concern themselwves with political matters (every citizen should express his
convictioms); (3) if there is a relationship between the progress of physics and mathematics and
the progress of society (yes, because they bring about new technology and because they are ef-
figéent counterweights against a materialistic attitude); and (4) what can be done to undo the
effects of Nazism (“the Germans can be killed or constrained, but they cannot be reeducated to
a democratic way of thinking and acting within a foreseeable period of time®),

246 “To the Jewish Students” {(An die jiidischem Studentem). Aufbeu 12, no. 1 (1946):
u 16.

247 “Generalization of the Relativistic Theory of Gravitation” Annads of Matkemutics 47
n (1946): 730-741.

248 “Elementary Derivation of the Equivalence of Mass and Energy:*echmion jourmal §
s (1946): 16-17.

nNA n “E = mc’: The Most Urgent Problem of Our Time” Science lilsstruted 1 (April 1946):
& Wa 16-i77. Reprinted in Idexs amtf Opimisoss (1954), 337.

An explanation of the formula for the equivalence of mass and energy in Eimstsiin's own words
for the general reader.

|
Eimstein continued his intensive commitment to arms
control and the formation of a world government. His
son Hans Allbert 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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LIGHTER ACE and test pilot Chuck Yeager achieved the
first supersonic speeds in the rocket-powered Bell-Xi.
Meamwihile, John Bardeen, Walter Brattain, and Wil-
liam Shockley invented the point-comtact transistor at
Bell Labs in New Jefisey. Britaiin's Cecil Powell and his
collaborators discovered the pion, predicted by Hideki
Yukawa in 1§35 as the mediator of a short-range nuclear
force, opening the door to modern particle physies. Close
on the heels of this discovery, a series of cosmic-ray ex-
periments by George Rochester and Clifford Butlet 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 fiest step toward
understanding the quark nature of matter. Fimallly, “fly-
ing saucers” were reported to have crashed near Roswell,
New Mexico.

Tihe Nobel Prize in physics was awarded to Sir Ed-
ward V. Applleton of England for his investigations of
the physics of the upper atmosphere, especially for his
discovery of the so-called Applieton layer. The chemis-
try prize was also awarded to an Emgflishman, Sir Robert
Robinson, for his investigations on plant products of bio=
logical importance, especially alkaloids.

amd Opinions (1954), 132-134.

250 “The Military Mentality” American Scholar 16 (1947): 353-3%4. Reprinted in Idras
]

Einstein accused America of placing the importance of naked power above ali other factors
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that affect relations among nations, resulting in a military mentality in government.. He warned
that Germamy’s similar attitude beginning with Bismarck and Kaiser Wilheim i resuited in Ger-
many’s decline in less tham a hundired years. Now, the military mentality is even more dangerous
because of the more powerful weapons.

OECA  "Atomic War or Peace.” As told to Raymond Swing. Atlawtic Mankhly 180 (Nevem-
&L ber 1947): 29-33. Reprinted as "Atomic War or Pease, Part 2, in ldess and Oppninns
(1954), 123-131. See paper 239 above for part 1.

The Emergency Committee of Atomic Scientists distributed a reprint of this article separately
with a plea for financial support. Here Einsteim spoke in faver of outlawing the atemic bemb and
again advocated a weorld government for the purpose of averting wars,

252 [Response to the editor on Walter Wiiiee's article, "Why | Remain a Negro.”] Satur-
n day Revieaw of Liteeature 30 (November 1, 1947): 21.

253 [Open letter to the United Nations General Assembly on how to “break the vicious
» circle] United Nations World 1 (October 1947): 13-14.

Al “The Problem of Space, Ether and the Field in Physics.” In Man and the Universe, ed.
1w Saxe Commins and R. N. Linscott. Vol. 4 of The Great Thimkers series. New York:
Random House, 147. Originaily in Einsteiin's The Workd as | See It (1934)), pp. 82-10®, and re-
printed in Ideas and Opiméoss (1954)), 276-285.
Einstein discussed scientific concepts as they have historically related to space, giving math-
ematical examples.

Afiter many years of illness and hardship, Eiinsteiins first
wife, Miilleva, died at the age of seventy-two in Zurich.
This left Edward, 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 Rir, but he never heard
from his father direetly:

Eiimstieiin'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 grapeftuit. Surgery was not in-
dicated, however.
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In January in India, when the peace-loving and serene
seventy-nine-year-old Mathatma Gandhi, one of Ein-
stein’s great heroes, was on his way to evening prayet, 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-Gunion 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 Manalester’s Small-Scale
Experimental Machine, nicknamed “Baly,” successfully
executed Its first program. It was the first computer to
store a changeable user program In electronle memory
and proeess it at electronic speed.

Sin-itiro Tomonaga, Victor Weisskopf, Julian Schwing-
er, and Richard Feynman independently invented dif-



Selected Published Papers and Commentary, 1951-52 145

ferent methods of making the renormalizatiom calcu=
lations of quantum electrodynamics (QED) precise.
Mbmia Goeppert-Mbyer and, independently, Hamns Jen-
sen proposed the shell structure of the nucleus, in which
nucleons are assumed to occupy sheils analogous to elec=
tron shells. The long-playing (LP) record was invented,
and the 200-inch refracting telescope was dedicated at
Memmt Palomar, north of San Diiegw, even though it did
not become fully operational until 1949. Hollography was
invented when Demmis Galbor proposed a way of display-
ing a three-dimensional image of an object by splitting a
light beam.

The Nobel Prize in physics was awarded to Britain's
Laoxd Patrick ML. S. Blackett for his development of the
Wiilkom cloud chamber method and for the discoveries
he made with it in the fields of nuciear physics and cos=
mic radiation. Amme W. K. Tirelius 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.

MAFF  [Letter on universal military training addressed to the chairmam of the Senate
kew W committee] US. Congress, Senate, Commiittee on Armed Services, Hearings on
Universal Military Trainimg, p. 257. Read March 24, 1948.

“Religiom and Science: Irreconcilable?” Christian Register 127 (June 1948): 19~20,
W Reprinted in ldeas ani Opifiiens (1954).

In this response to a greeting sent by the Liberal Ministers' €lub of New York €ity, Einstein re-
plied that the answer to the question is complicated because, though people can agree on what
science is, they often differ on a definition of religion. The mythical aspect of religioor—which
is only one aspect of it—iis the part that is most likely to cause conflict, and myths are not nec-
essary for the pursuit of religious aims,

".-57 “On Reteiving the Ome World Award.” An address given at Carmegie Hall, April 27,
weSil s 1948. Reprinted in ldess ant! Opininions (1954)), 146-147.

Einsteim, distraught at the consequences of the war and the specter of continuews reamma-
ment, proposed that there is only one path to peace and security: a supranatiomal organiza-
tion.,
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) § g 8 “Loeking Ahead “Rotatian, June 1948, &-10.
= = This article includes a reprinting of twe articles in the Bullerin of Atemic Seientists on
international understanding (4 [1948]: 1) and a reply te Seviet scientists (4 [1948]: 35-87) and
statements on werld gevermment.

259 “Quantum Mechanics and Reality” (Quantenmechamik und Wirklichkeit)).. Dialectica
n 2 (1948): Fx0-324.

260 “Generalized Theory of Gravitatiom” Reviews of Mutenn Physiss 20 (1948): $5-39.
= See paper 270 for a similar article.

“Atomic Science Reading List." In '48: Magairine of the Year (January)), Go-61.

&l L Stating that “it is not enough to know all about isotopes and pitchblende and pluto-
nium"te understand atomic energy and its capabilities, Einstein selected and described six pe-
riodicals and books that cover scientific and historical sources as well as the “problems of peace,
security, and the continued life of man with man."These are the Builtetin of the Atomic Scientists, a
monthly publication, which he said was the most valuabie single source of up-to-date informa-
tion on atomic energy; Selig Heclnt's Explanirigg theAtom (1947), an account of the scientific steps
that led to our present knowledge on nuclear fission; John Hersey's Hixstiima (1946), a novel
describing the effect of the atomic bomb on everyday people; Cord Meyer Jr.'s Peace or Axanchy
(1947), a review of the complex problems connected with peace and security; Emery Reves’s The
Anatronyy of Peace (1945)), which discusses the issues of peace and the need for a world govern-
ment to secure it; and Raymond Swimg's In the Name of Sanityy, which contaiims discussions of the
events that followed the news that atomic energy had been discovered and is based on a series
of broadcasts

|
Early this year, after Eimstein was discharged from a
month's stay in the hospital, he spent a few weeks conva-
lescing in Florida with his eld friend, Dr. Walter Bucky,
whoerm he had visited many times at hls residence on Sev-
enty-sixth Street in New York. He also took time to fin-
1sh writing his “Autebiegraphical Notes” for inelusien in
a velumie edited by Paul Sehilpp (see paper 264 below).
During the year of Eimsteiim’s seventieth birthday,
three hundred scientists assembled in Princeton to pay
tribute to him and hold a symposium on his contribu-
tions. Wien Elnstein entered the auditorium, a respect-



§elected Published Papers and Commentary, 1951-52 147

Einstein turns seventy and the
Institute for Advanced Study
holds a celietration.

ful silence filled the hall, followed by an impassioned
standing ovation.

Eimstein 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 of W¥est 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
Ciity for the structure that would be completed in 19§2.

THE 200-INCH-MIRROR Hale telescope at Mount Palo-

mar, in San Diego County in Califoenia, dedicated the
previous year, was put into operation. Edwin Hubble
took the first photographic exposufe in January, and in
October the telescope was made avallable to astronomers
from Caltech and the Carnegie Institution of Washing-
teR, D.C.

Freemnan Dyson, in several articles, unified Richard
Feynmmam's and Julian Schwinger'’s radiation theories.
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Kurt Gedel 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 1§39, became Einsteiin’s collaborator and good
friend. He was best known for his incompleteness theo-
rem of 1§3t, 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.”
Ower the years, Eimstein and Gedel could be seen walk-
ing together along the streets of Princeton, Eimstein 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-compulkive 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 Wiilliam 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.

2|Q6) “Why Secialism?” Manslly Review: An Indapeadent Seqialist Magarine 1, ne. 1 (May
Wikin 1949): 9-03. Reprinted in ldegs and Opinsass (1954), 15u-158.

in this essay, Einstein expressed the view that the "economic anarchy*of capitalist society is
a source of evil because individuals depend on society {(which he called “a fact of nature’) and
that individuals are crippled (i.e., they can lose their jobs) by the profit motive and the compe:
tition of capitalists. He advocated the establishment of a socialist economy, where the means of
production are owned by society in a planned way.
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263 “In the Shadow of the Atomic Bomb Southarn Pastéot 7, no. 3 (May 1949).
L]

"Autobiographiical Notes” and “Remarks to the Essays Appearing in This Volume.”
£ e In Albert Einscein: Phibosaphec&dientist, edited by Paul A. Schilpp, pp- 3-94 (in Ger-
man and English) and 66§-&88. Library of Living Philosophers, vol. 7. La Salie, 1ll.: Open
Court, 1949.

Einstein referred to these notes, which he wrote in 1946 and which are essentially a short
scientific biography, as his “abituary.”

265 “Forewordl” In The Hefreew Uniteesisjty of Jenssiehem, 1925-1%50. Jerusalem: Goldberg's
w Press.

QLM  "On the Motion of Particles in General Relativity Theory” (with Leopoid Infeld).
ey 0 » Candiion Jounaol of Mavhertasics 3 (1949)): 209-214.
The authors show that the field equations alone suffice as a basis for general relativity theory.

e
Eiimstein, 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 denated to the Hebtew University of Jerusaler after
the death of Nathan and Dwias, theugh afrangements
were maee later for an eatlier transfer. He willed his vie-
lin te his grandsen, Berahard. His menetary assets weuld
ge 8 Helen Dwikas; his sens, Hams Alibert and Eduard;
and his stepdaughier, Marget.

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-borm physicist Edward Teller was dubbed its
“father.” Upon hearing the news, Eimstein decided to
speak In a natienwide television broadeast. He warned
that if the bomb wete ever used, the planet would be pei-
soned by radigaetivity and all life would be annihilated.

In the United States, Senator Jeseph MeCantthy be-
gan his Comanumist witch-hunting by claiming that the
State Department was infiltrated with Commuwmists and
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Commumist 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 entertainets and intellec-
tuals, who he believed were somehow affiliated with the
Commumist Party. These people were required to testify
in Congpress and defend themselves at meetings of the
House Un-Amenican Activities Commiittee (HUAC).
Eimstein advised many of them not to cooperate, as he
viewed this process to be a violation of theiF civil rights.

FRED HOYLE COINED the term big bang for the new the-
o

ry about the creation of the cosmos. Even theugh he
popularized the theory by giviag it a name, he challenged
the bellef that the cosmos began with a primal flreball 12
millien years age. John Nash, whe has becorme a popular
ieen sinee the beek and fllm 2 Beawkial Mind, appeared,
introduced the esneept of “oncoopRative games” in
game thesty:

Getmany had won the greatest number of Nobel Prizes
by this time, with the United States in second place. This
year the Nobel Prize in physies went to an Englishman,
Cecil Powell, for his development of the photographic
methed of studying nuelear proeesses and for his work
on the detection of the elementary particles known as
mesens. The ehemistry prize went to twe Germans, Otto
Diels and Kurt Adller, for their diseovery and develop-
tnent of diene synthesis.
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267 “On the Moral Obligation of the Scientist.” Impact 1 {1950): 104-105,
n

qgs “Physics, Philosophy, and Scientific Progress/' Tape-recorded address to a conven-
&RV O tion of the Internatiomal College of Surgeons. Also in jourmanl of the Intsrnatienal G
lege of Surgeons 14 (1950): 755-758.

Q) Ah Open Letter to the Society for Social Responsibility in Sciemce. Science 112
WV (1950): 766-7®n. Reprinted in Ideas and Opimoans (1954) as “The State and the Indi-
vidual Conscience,” 26-27.

In this letter of December 22, 1930, Einstein praised the formatiom of the society and remind-
ed the members that “institutioms are in a moral sense impotent unless they are supperted by
the sense of responsibility of living individuals."The Nuremberg trials had made it selfrevident
that individual responsibility canmot be expunged.

6)7“ “On the Generalized Theory of Gravitatiom.” Scenitific Amaicaan 182, no. 4 (April
& I wn 1956): 13-77. Reprinted in Ideas and Opimioans (1954).

At the request of the editors of the magazine, Einstein discussed his mathematical investiga-
tions into the foundations of field physics.

271 “The Bianchi Identities in the Generalized Theory of Gravitation? Canadian Josumal
a of Mathemutics 4 (1950): 120-128,

272 “Foreword.” In Philipp Erank, Relatinjty: A Rither Trush. London: jonatham Cape,
[ ]

In the foreword to this smali book on the ethical implications of relativity, Einstein wrote
that it may seem that logical thinking is not relevant for ethics but that, indeed, “ethical direc-
tives can be made rational and coherent by logical thinking and empirical knowledge " Ethical
axioms, like the axioms of science, are founded and then tested; if they fit society or an indi-
vidual, they are accepted.

OTJN  “Message to the ltalian Secisty for the Advancement of Science.” Sent to the
& 8w group's forty-second mesting in Lusea, Italy. Published in English in the UNESED
jourmal impact, Fall 1950,

in this address, Einstein wrote about the search for truth and understanding, saying that
such inquiry attempts to encompass the complex experiences of humankind while leeking for
simplicity and economy in basic assumptions. The man of science has suffered a tragic fate be-
cause, while seeking to strive for truth and understanding, he has also developed destructive
and enslaving tools,
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Affer her long confinement to bed, Maja died in Prince-
ton in i95i. Einstein missed her enormously. Her Hus-
band, Paul, died the following yeat 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 teok
his last breath. In his unified field theery, Einstein at-
tefmpted to express gravitational theery and elestromag-
fetie theery within a single unifled framewark, to shew
that the twe forees are based en ene grand Wnderlying
prineiple. He had treuble aceepting twe distinet frees
iR Rature—and this was even befBre the diseavery of twe
additienal ferees: the strong and weal Ruelear interae-
tiens: Teday, physieists are searching for an even |8ftier
thesry: aTitheary of EVeE hm%é’r@ , Which they hepe
will uRify 2l farees and 21l matter At tHe MEmMent, stFing
thegry appears o Be the tesl of chaice. For 2 papular ex-
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After Israel’s first president, Chaim Weizmann, died
in 19§2, 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 Eimsteim(s skills lay elsewhere, were relieved
that he turned down the offer. Prime Mimister David
Ben-Gurion pleaded with Yitizak 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 Ziomist, Eimstein 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.

N 1951, Rosalind Franklin discovered the nucleic acids
RNA and DNA and elucidated the basic helical structure
of the DNJA 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 with Kurt Godel in
Brinceton
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to three scientists in 1962 for the ultimately correct and
detailed description of DNIM$ structure, four yeaes after
her death in 1938 of ovarlan cancer. Nobel Prizes are net
awarded posthumeusly:

As in 1919, another total eclipse of the Sun took place
in February 1852, visible from Europe, enabling astron-
omers again to confirm the effect of gravity on light as
predicted by relativity theery. On November 18,1933, the
United States tested its first hydrogen bemb en Enewe-
tok Atell in the Marshall Islands in the Paeifle Oeean.

The Nobel Prize in physics for i85t was won jointly by
Sir John Cockeroft of Englland and Ermest T. S. Walton
of Ireland for their pioneering work on the transmuta-
tion of atomic nuclel by artificially accelerated atomic
partieles. The chemistry prize went to Amriiicans Edwin
MeMiillan and Glenn Seabetg for their diseoveries in the
ehemnistry of transuranium elements.

The Nobel Prize in physics for 1§52 was awarded joint-
ly to Americans Felix Bloch and Edward Putcell for
their development of new methods for nuclear magnetic
precision measurements and discoveries In eonnection
therewlth. The chemistry prize was awarded jointly to
Britiim’s Archer J. P. Martin and Richard Lautence for
their invention of partition chromatography.
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"I A “Foreword” In Dagoebert D. Runes, ed., Spineaa: Bictianary. New Yerk: Phillesephieal

I "= Library, 1951,

Einstein praised this dictionary of Spineza's terminology, given in Spimoza’s own werds, as
a reliable guide to Spineza’s werks, which are etherwise eften difficult to understand. Barueh
Spinoza, a seventeenth-century Jewish theolegiam and philesepher living in Helland, had
greatly influenced Einstein's religious thinking. Spineza dealt negatively with erthedex Jewry,
preaching that the laws of the Terah were obselete, for whish he was excommunicated frem
the orthodex ramks.

275. “The Advent of the Quantum Theany Stéance 113 (1951)): 82-84.

6)76 “Introduction In Carola Baumgardt, Johanmes Keiter: Life anul Lettats. New York:
[ n Philesophical Library, upsil.

In this collection of annotated letters from Kepler to his contemporaries, including Galileo,
Einstein wrote an introduction tracing Kepler's determination of the movement of Earth in
planetary space. Because Earth “itself can be used at any time as a triangulatiom point, Kepler
was also able to determine by observation the true movements of the other planets.”The letters
show that Kepler compieted his work under conditions of great personal hardship.

“Foreword.” In Homer Smith, Man amil His Geuls. Boston: Little, Brown, 1952.
mid Bu In this history of religious and philosophical thinking, or a persons “place in mature
and the universe,” by a prominent biologist, Einsteim praised Smith's objectivity in presemting
his subject, saying that such objectivity is rarely found in a “pure historian."Smith does not ne-
glect to recount the suffering that “mam’s mythic thought” has often wrought on humankind.

“Those Who Read Only Newspapers See Thimgs Like a Nearsighted Person with-
» out Glasses® (Wer mur Zeitungen liiest, sieht die Dinge wie ein Kurzsichtiger ofhme
Augenglaser). Der jungkaufmann {Zurich) 27, no. 4 (1952): 73. See Einstein's ldess and Oppnions
(1954), 64-65, for an English translation.
In this letter, Einstein stated his belief that it is important for young people to read the clas-
sics. Because there are only a few exceptional people of letters in any givem century, their work
becomes “the most precious possession of mankind.*

“Symptoms of Cultural Decay.” Bulletin ofeminic Sakentists 8, no. 7 (October 1952).
» Reminted iin ldeas and Qpiimions (1954), 1686-167.
According to Einstein, politicians should neither control the sciences nor impede free scientif-
ic exchange with other countries. Politicians are now so distrustful, he wrote, that even in peace-
time they are determimed to organize our lives and work as if we are preparing to win a war.



L
Thiss year was not eventful in Eiinsteiin’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.

N THE HIMALAYAS, New Zealander Edmund Hillary
and Nepalese mountain guide Tenzing Notgay be-
came the first people to reach the 29,628-foot summit
of Mlount Everest, a testament to human endurance and
cooperation. In the sciences, Russia’s Andirei 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. Murtay
Gell-Memn 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 1§61 Gell-Miamn 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 Erancis Crick
discover the structure of DNA.
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Femzing Norgay and Edmund
Hillary conquer Mount Everest.

Zemike of the Netherlands for his demonstration of the
phase contrast method, especially for his invention of the
phase contrast microscope. Tihe chemistry prize went to
Germany's Hermann Staudinger for his discoveries in
the field of macromolecular chemistry.

280 “To the Jewish Peace Fellowshiip.” Dated Septemiber 21,09553. Tidings 8, ne. 1 (1953):
s 3. Also in Tidiggs 9, no. 2 (1955): 5.

6)'81 “A CoMhierit On a Criitiim of @ Recent Wnifeed Fiald THeeoyy.” fysital Reviaw 8g
a (Qpsp): 32al.

This was Einsteiin's final paper on the unified field theory. He was certain about the mathe-
matical concepts but uncertain about the physical aspects.

Q)QO) “Elementary Reflectioms on the Interpretatiom of the Foundatioms of Quantum

Mechaniies” (Elementare Uberlegungem zur |nterpretatiom der Grumdilage der
Quantenmechanmiio). In Sateatific Papess Presensed to Max Bawn. Edinburgh: Bliver and Beyd,
1953~

0)83 “Preface.” Im Galileo Galilei, Didbggue Cameerning the Two Ghiéef Wonld Systems: Praddendic
i » amtl Copenitican. Translated by Stillman Drake. Berkeley and Los Angeles: Umiversity
of California Press, 19§3.

d,tsﬂ “tétter mi Reply to William Frauengless.” Bulletin of the Awontc Scéenitists 9 (1953):
4™ 1= 230. Reprinted in Idess and Opinions (1954))., $3-34.

in this letter of May 16, 1953, Einsteim encouraged Brooklym teacher Wiliiam Frauenglass to
refuse to submit to questionimg by the U.S. Senate's Internal Security Subcommittee. All in-
tellectualls should refuse to testify, not on the basis of the Fifth Amendment but because it is
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shameful for an innocent citizen to have to submit to such an inquisition, a violatiom of the
spirit of the Comstitution.

anr “Message to the 24th Annual Conference of the War Resister’s League,” New York,
=@t August 10, 1953.

|
Einstein, though he developed hemolytic anemia, worked
on his last scientific paper with collaborator Bruria
Kaufmann, publishing it the following year (paper 2§3).

At the height of McCatthy's House Un-American

Activities Comnmittee (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 encout-
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-

McCarthyism gets out of pression being denied was painful for the aging scientist,

hand, and Senator McCarthy s~ who was all too familiar with this situation.

officially censured by the W.S. The witch-hunting by Senator Joseph MeCantthy con-

Senate. tinued in televised hearings. MeCantthy now wanted to
prove Communists had infiltrated the U.S. Ammy. The
attorney for the army famously asked him, “Have you no
shame?" McCantthy was finally censured and condemned
by a Senate resolution for his insults to the Senate. Since
then, MeCarttthyisom has become synonymous with un-=
founded political accusations and witch-hunting with
unsupported evidence.

E UNITED STATES tested another hydrogen bomb, now
on Bikini Atoll in the Maishall Islands, vaporizing three
of the islands. Oppenheimer—and Einstein—had op-=
posed this project. Ammeticams and Europeans—not to
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Einsteim makes a poiint.

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 Miills discovered non-Albefian gauge
theory, which initiated a new way of thinking in particle
physics; Robert Hoftadter 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 196t); 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 1§64). Meamwhile, 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 Eimsteim’s old friend
Max Born, now living in Scotland, for his fundamental
research in quantum mechanics, especially for his sta-
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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.

286 Idess and Opinions. Transiated by Sonja Bargmann. New York: Crown, 19§4.
n This is the most popular compilation of a variety of Einstwiri's writimgs, still in print.

287 “Algebraic Properties of the Field in the Relativistic Theory of the Asymmetric
a Field” {with Bruria Kaufmanm).. Annals of Mabbemidics §9 (1954): 250-244.

288 “Foreword.” In Max Jammer, Concepts of Sparee. Camibritige: Harvard Umiversity
w Press, 19§4.

QQO The Menirigg of Rekatiitity. §th ed. Princetom: Princetom University Press, 1§§4.

&% wa This is the final revised edition of Einstein's seminal work. In it, he completely revised
appendix 2, “Generalizatiom of Gravitatiom Theory," of the fourth edition, renaming it “Relativis-
tic Theory of the Non-symmetric Field*—his final attempt to extend or generalize his theory to
achieve a unified theory of the gravitatiomal and electromagnetic fields.

OON “If Einstsin Were Young Again, He Says He'd Become a Plumibar” New Yok Times,
&w e November 10, 1954,

This is a report abeut a letter Einstein wrote to the editor of The Reporter magazine on Oc-
tober 13, in which Einstein claimed that if he could live his life again, he would not become a
scientist. He said he would rather become a plumber or a peddier, “in the hope of finding that
modest degree of independence still available under present circumstansas.” Unconstrained in-
dependence would allow him to concentrate freely on physies.

291 “Tribute to Joseph Scharl.” New York Times, December 9, 1954.
n Einstein praised the artist who had sketched him.



Early in the year, Bertrand Russell approached Einstein,
asking him to issue a joint statement with other scientists
en the arms race, declaring that in a nuclear war there
would be ne winnets oF losers, only a permanent state
of catastrophe. Russell drafted the staterent and sent it
te Einstein, whe signed it en April i and returned it to
Russell. Wiith it, he sent a shert letter.

A week later, early in the morning, Eimstein died at
Princeton Hospital after suffering a ruptured abdominal
aneurysm. Allberta Rozsel, the night nurse, was the last
person to see him alive. His body, from which the brain
and eyes had been rermoved durlng the autopsy, was cre-
mated late in the afterneen, and his ashes wete scattered,
probably ever the Delaware River not far frem Prince-
ten, by his friends Otte Nathan and Paul Oppenheim.
Thie news spread rapidly threughout the world as a floed
of tributes filled the media.
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The restaurant that started it
all, the original McDonald's

THIEE EINSTEIN ALMANAC

N PHYSICS, Emilio Segre discovered “anti-protons” (he
would win the Nobel Prize in 1§5§), and John Wieeler
described a hypothetical object, a “geon, "comsiructed out
of electromagnetic radiation.

The Nobel Prize in physics was divided equally be-
tween Ameticans Wiillis E. Lamnb, 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 chemistey 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 “Foreword.” In Louis de Broglie, Physics andl Micopphsissics. New York: Pamtheon,
]

1955-

293 ‘Preface.” In Jules Moch, Human Folly:To Disanm or Periish. London: Gollancz, 19§§.
[ ]

294 “A New Form of the General Relativistic Field Equations"(wiith Bruria Kaufmann),
» Annals of Mathemitics 62 (1955): 128-138.

AN  “The Einstein-Russell Manifesto.” Issued from Londom, July 9, 195§.
s o) Also signed by Max Born, Leopold Infeld, Frederic Joliot-Curie, and Linus Pauling,
among others, the manifesto can be seen on the Internet at www.nuclearfiles.org.
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ﬂﬂﬂ “Remembrances” (Erinnerungen-Souvenirs). Sehveeireische Hothsohidizaitung 28
&'W W (special volume, 1955): 143-153.

Einstein recalled, among other things, that he had studied the work and lives of the “masters
of theoretical physics” while a student.

297 “Albert Schweitzer at Eighty"@hristion Century 72, no. 2 (1955): 42,
n

’68 “Introductiom” In Henry |. Wachtel, Seartigy for All and Free Enterprise. New York:
(& n Philosophical Library, 1955.

OANN  “Foreword.” In William Esslinger, Politics amil Science. New York: Philosophiical Li-
E=W/Wsim brary, 1955.

300 “What Is the Task of an Internatiomal journal?” Common Cause (Florence, ltaly) 1,
" NO.1:3.
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