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Preface and Acknowledgments

It seems to me that | have always known of Lise Meitner. As a child | must
have seen her picture in Life , or in The New York Times , or perhaps in the
Aufbau , the German refugees’' newspaper that my parents and grandmother
often read. In America just after World War 11, Lise Meitner was a celebrity:
the tiny woman who barely escaped the Nazis, the physicist responsible for
nuclear fission, "the Jewish mother of the atomic bomb"—although she was a
Jew by birth, not affiliation, and she had refused to work on the bomb. When |
was six, the details didn't matter. To me, she was a hero, like Eleanor
Roosevelt.

I came back to Meitner thirty years later, in the 1970s, by way of a class |
taught at California State University, Sacramento. Then, as now, | was on the
chemistry faculty at Sacramento City College, a community college. At the
university, | was known as the woman the all-male chemistry department did
not want to hire; under such circumstances one becomes, and remains, a
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feminist. When the women's studies board asked me to put together a
"Women in Science" course, | accepted right away, although at that moment |
could think of only two: Marie Curie (of course) and Lise Meitner. So
successful was feminist scholarship, however, that | was sure | would find
more women in science and perhaps even begin to answer the question, Why
so few?

As it turns out, they were not so few. Throughout history, everywhere,
women have been active in science and mathematics and medicine. What
these women shared, over the centuries, was the irregularity of their

— viii —
education and a determined undervaluation at the hands of historians. The
great exceptions, from Hypatia to Laura Bassi to Sofia Kovalevskaia, were so
recognized by their contemporaries that later historians, try as they might,
could not make them disappear entirely. Among the less famous but still well
known—Caroline Herschel and Marie-Anne Lavoisier, for example—are women
who worked with male collaborators, an arrangement that gave them a
chance to work but tended to obscure their contributions. There have been
other women whose contributions are barely recorded, still others we know
only from private correspondence or incidental references, and many more,
surely, of whose existence and work we will never know. On the whole it is
clear, however, that women have always done science and that the
accomplishments of women, like men, have ranged from minor to
extraordinary.

Historically, however, women scientists are far less visible than men, a
"Matthew effect" in which the already famous attract repeated study and the
lesser known are neglected. Although women's studies (like ethnic studies)
has brought forth great treasures from neglected history, many historians,
even today, are reluctant to bring women in from the cold. (Recently, when
one historian of science decided to omit women physicists, including Lise
Meitner, from his edited volume, he explained that women and gender
questions have always fallen below a certain "historiographic threshold"—a
tradition he was evidently content to perpetuate.) The result is a persistent
double exclusion: of women from history, of their work from the scientific
record. The neglect has been anything but benign. Over the centuries, the
apparent paucity of women in science has been used to deny women
equitable access to education and the professions. And although many more
women are scientists today, sociologists note that as a group they are still, to
a significant extent, at the margins.

Lise Meitner almost broke that pattern. She was born in 1878 (eleven
years after Marie Curie), her timing just about right to begin cracking open
the doors that were still closed to women. Her schooling in Vienna ended
when she was fourteen, but a few years later, the university admitted women,
and she studied physics under the charismatic Ludwig Boltzmann. As a young
woman she went to Berlin without the slightest prospects for a future in
physics, but again she was fortunate, finding a mentor and friend in Max
Planck and a collaborator in Otto Hahn, a chemist just her age. Together
Meitner and Hahn made names for themselves in radioactivity,

J— iX J—
and then in the 1920s Meitner went on, independent of Hahn, into nuclear
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physics, an emerging field in which she was a pioneer. In the Berlin physics
community she was, as Einstein liked to say, "our Marie Curie"; among
physicists everywhere, she was regarded as one of the great experimentalists
of her day. Her career was a string of firsts for the inclusion of women in
science and academia. The painfully shy young woman had become an
assertive professor—"short, dark, and bossy," her nephew would tease—and
although at times she was haunted by the insecurity of her youth, she never
doubted that physics was worth it. She never married, or even, as far as one
can tell, had a serious love affair, but her capacity for friendship was very
great. To the end, she was grateful to physics for bringing joy and meaning to
her life and for surrounding her with friends and colleagues who were "great
and lovable personalities.”" In the end, these were the only things she did not
lose. Everything else—work, position, even, to a great degree, her scientific
reputation—was taken from her when she fled Germany in the summer of
1938. Had she stayed longer, she would have lost her life as well.

When | began this study, less than ten years after her death in 1968, Lise
Meitner was curiously in and out of view—odd, | thought, for someone who
had been so well known. In the autobiographies of Otto Hahn, for thirty years
her best friend and closest colleague, there was almost nothing of her
personality and very little of her science; in the general literature, her
pioneering work in nuclear physics was hardly mentioned. When her name
appeared at all, it was for the discovery of nuclear fission, but then only at the
margins. Like many of the women scientists | had recently studied, Lise
Meitner seemed about to vanish.

Fission seemed to hold clues to her near-disappearance. Seen from
Meitner's perspective, the story was fragmented, like torn-up snapshots
thrown together. Here are Meitner, Hahn, and the chemist Fritz Strassmann,
working as a team in Berlin from 1934 to 1938; there, in December 1938, is
the discovery of nuclear fission, published under the names Hahn and
Strassmann only; here we have Meitner again, in Sweden with her nephew,
Otto Robert Frisch, providing the first theoretical interpretation for the fission
process; there, finally, is the Nobel Prize, to Hahn alone.

For the rest of his life, Hahn provided a standard explanation: fission was
a discovery that relied on chemistry only and took place after Meitner left
Berlin; she and physics had nothing to do with it, except to prevent it

— X —
from happening sooner. Hahn was believed: he was a Nobel laureate, and a
very famous man. Strassmann, very much in his shadow, saw it differently.
Lise Meitner had been the intellectual leader of their team, he insisted, and
she remained one of them, through her correspondence with Hahn, even after
she left. Meitner herself said little, other than to point to the essential
interdependence of physics and chemistry throughout the long investigation.
Privately, she described Hahn's behavior as "simply suppressing the past.”
And, she added, "I am part of that suppressed past."

The distortion of reality and the suppression of memory are recurrent
themes in any study of Nazi Germany and its aftermath. By any normal
standard of scientific attribution, there would have been no doubt about
Meitner's role in the discovery of fission. For it is clear from the published
record and from private correspondence that this was a discovery to which
Meitner contributed from beginning to end—an inherently interdisciplinary
discovery that would, without question, have been recognized as such, were it
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not for the artifact of Meitner's forced emigration. But nothing about this
discovery was untouched by the politics of Germany in 1938. The same racial
policies that drove Meitner out of Germany made it impossible for her to be
part of Hahn and Strassmann’s publication, and dangerous for Hahn to
acknowledge their continuing ties. A few weeks after the discovery was made,
Hahn claimed it for chemistry alone; before long, he suppressed and denied
not only his hidden collaboration with a "non-Aryan” in exile but the value of
nearly everything she had done before as well. It was self-deception, brought
on by fear. Hahn's dishonesty distorted the record of this discovery and
almost cost Lise Meitner her place in its history. The unrecognized dishonesty,
its careless acceptance, and deliberate perpetuation are among the most
disturbing issues | address in this biography.

Given what is known about the systemic repression and "forgetting" of
postwar Germany, it is, perhaps, not surprising that Hahn did not look back;
he saw no need, and it was not to his advantage to correct the record with
respect to Lise Meitner. A chorus of followers eagerly echoed his view, and a
generation of journalists, writers, and casual historians of science uncritically
propagated it. They may have been dazzled by Hahn's solo Nobel Prize (here,
too, is an interesting issue), or motivated by nationalism. They also,
apparently, found it entirely natural to suppose that a woman scientist would
only be incompetent, or subordinate, or

— Xj —
wrong. Or invisible: for thirty-five years Germany's leading science museum
displayed the fission apparatus—the physical instruments Meitner used in her
laboratory in Berlin—without mentioning her name at all. Were it not for her
earlier achievements and her scientific reputation outside Germany, she might
well have slipped permanently below the historiographic threshold.

Lise Meitner lived to be ninety years old; she knew what was taking place.
Except for a few brief statements, she did not campaign on her own behalf;
she did not write an autobiography, nor did she authorize a biography during
her lifetime. Only seldom did she speak of her struggle for education and
acceptance, although the insecurity and isolation of her formative years
affected her deeply later on. And she almost never spoke of her forced
emigration, shattered career, or broken friendships. She would have preferred
that the essentials of her life be gleaned from her scientific publications, but
she knew that in her case that would not suffice. Scientist that she was, she
preserved her data. Her rich collection of personal papers, in addition to
archival material from other sources, provides the basis for a detailed
understanding of her work, her life, and the exceptionally difficult period in
which she lived. In expressing my gratitude to those who have made this
biography possible, I begin with Lise Meitner.

I have not worked in isolation. It is gratifying to note that in Germany,
especially, a new generation of writers and historians of science has taken an
interest in Lise Meitner; among the earliest were Fritz Krafft, Charlotte Kerner,
Helga Konigsdorf, and Renate Feyl. It may be, however, that Lise Meitner's
greatest visibility lies just ahead. Recently, the Society for Heavy lon
Research (GSI) in Darmstadt has proposed that element 109, one of the
heaviest yet, be named for her; in 1994, IUPAC, the commission that decides
such things, approved the name (see Appendix fig. 4). It is not the first such
proposal. In 1918, when Meitner and Hahn discovered element 91, her friend
Stefan Meyer jokingly suggested the name "lisonium," or possibly
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"lisottonium'; the discoverers chose protactinium instead. It may take a
while before a new periodic table makes its way into my classroom, but when
it does, "meitnerium,” Mt, will be there. I'm looking forward to it.

Many people have helped me. My first contact was Hahn's former
secretary, the late Marie-Luise Rehder, Goéttingen, who generously shared
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with me her knowledge of Otto Hahn and his papers and helped me contact
others who were associated with Lise Meitner. | am indebted to the late Otto
Robert Frisch for several interviews and for access to the Meitner Collection in
the Churchill College Archives Centre, Cambridge, and to Ulla Frisch for
interviews, family photographs, and continued access to the Meitner
Collection. I am also deeply grateful to the late Fritz Strassmann and to
Irmgard Strassmann, Mainz, for documents and photographs. Lilli Eppstein,
Danderyd, Sweden, has made Meitner's Swedish experience accessible to me
with her astute recollections of Meitner's personality and her friends in
Sweden; she has generously permitted me to quote from her private
correspondence with Meitner. | also wish to thank Sigvard Eklund, Vienna, for
sharing with me his memories of his work and friendship with Meitner in
Sweden. | am grateful to Hilde Levi, Copenhagen, for her assistance at the
Niels Bohr Archive and for her memories of Lise Meitner's Copenhagen circle.
Theodore Von Laue, Worcester, Massachusetts, shared childhood memories,
photographs, and copies of his father's automobile guest book. Auguste Dick,
Vienna, was an invaluable resource for documents and information about
Meitner's education and family in Vienna. Franco Rasetti told me about his
stay in Meitner's laboratory in the 1930s, and Emilio Segre provided insight
into the early neutron irradiation experiments in Rome and the discovery of
technetium. Stephen Weininger interviewed Tikvah Alper, Sarisbury Green,
England, for her memories of her student years with Meitner; Leslie G. Cook,
Summit, New Jersey, recalled his experiences in Hahn's laboratory around the
time of the fission discovery. | am grateful to Hans P. Coster, Belleaire, Texas,
and Ada Klokke-Coster, Epse, Netherlands, for letters, photographs, and
memories of their parents, Dirk and Miep Coster, and | owe special thanks to
L. K. ter Veld, Groningen, for his interest in this project, for photographs, and
for copies of Dirk Coster's correspondence from the University of Groningen.

The Office for History of Science and Technology, Berkeley, has been an
invaluable resource; | wish to thank Bruce Wheaton for introducing me to the
facility and John Heilbron for his ongoing advice and help. Ulla McDaniel and
Eleonore Watrous translated letters for me from Danish, Swedish, and Dutch.
Roger Stuewer has been a boundless source of encouragement and
information. I am indebted to him and to David Cassidy and Susan Quinn for
their extremely helpful reviews of the manuscript; they improved it greatly.
Elizabeth Knoll, my editor at the Uni-
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versity of California Press, was the driving force in getting me to finish the
book.

I have been generously assisted by the following institutions and
individuals: Marion Stewart and Alan Kucia of the Churchill College Archives
Centre, Cambridge; Marion Kazemi of the Archiv zur Geschichte der Max-
Planck-Gesellschaft, Berlin; Finn Aaserud, of the Niels Bohr Archive,
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Copenhagen; Wolfgang Kerber, Zentralbibliothek fur Physik, Vienna;
Elisabeth Vaupel and the staff of the Deutsches Museum, Munich; the Museum
Boerhaave, Leiden; Urban Wréakberg, of the Royal Academy of Sciences,
Stockholm; Spencer Weart of the American Institute of Physics; the Joseph
Regenstein Library, University of Chicago; and the Bancroft Library, University
of California, Berkeley.

Along the way | have been helped by many other people as well. | wish to
thank Helmuth Albrecht, Mitchell Ash, Lawrence Badash, Dan Bar-On, Ingmar
Bergstrom, Alan Beyerchen, Peter Brix, Anna Borelius-Brodd, Joan Bromberg,
H. B. G. Casimir, Ute Deichmann, T. De Vries-Kruyt, Steven Dickman, Inga
Fischer-Hjalmars, Vincent Frank-Steiner, Robert Marc Friedman, Stanley
Goldberg, Dietrich Hahn, Gunter Herrmann, Erwin Hiebert, Darleane C.
Hoffman, Dieter Hoffmann, Roald Hoffmann, Walter Hoflechner, Teri Hopper,
Thomas Kaiserfeld, Bettyann Kevles, Daniel Kevles, Christa Kirsten, Kerstin
Klein, Lester R. Kleinberg, Fritz Krafft, Arnold Kramish, Svante Lindqvist,
Evelies Mayer, Herbert Mehrtens, Anne Meitner, Barbara Orland, Diane Paul,
Sir Rudolf Peierls, Max Perutz, Thomas Powers, Hildegard Pusch, Paul
Lawrence Rose, Margaret Rossiter, Kurt Sauerwein, Elvira Scheich, Glenn T.
Seaborg, M. D. Sturge, Lieselotte Templeton, Sheila Tobias, Pieter Van
Assche, Angela Von Laue, Mark Walker, Sallie Watkins, Burghard Weiss, and
Carl Friedrich von Weizsacker. | apologize to anyone I may have inadvertently
omitted.

I have received generous grants from the National Endowment for the
Humanities, the National Science Foundation, and the Alfred P. Sloan
Foundation, for which I am truly grateful.

During the years | worked on this project, my daughters, Karen and
Jennifer, have grown from children to young women. | thank them for their
love and patience; | think they understand that this book is, in many ways,
for them. And finally my love and gratitude goes to my husband, Rod, without
whose interest, understanding, kindness, and help | might not have started
this book, and certainly would never have finished it.

Chapter One
Girlhood in Vienna

And even today | am filled with deep gratitude for the unusual goodness of my parents,
and the extraordinarily stimulating intellectual atmosphere in which my sisters and brothers
and | grew up.

Lise Meitner was born in Vienna in 1878, the third child of Hedwig and Philipp
Meitner. She would live in Vienna twenty-nine years, and then she would
leave, not realizing how permanently, to make her professional home in
Berlin. Part of her remained sentimentally, irreversibly Viennese. She gave in
to it, laughing at herself each time she paid the special fee to maintain her
Austrian residency. "Na ja," she would shrug. "Foolishness costs money." And
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later still, after she fled Germany for Stockholm, after every member of her
family was gone from Vienna, after the community from which she came was
lost forever, even then she clung to her Austrian past, refusing to take
Swedish citizenship until she could have both.[*] Had she stayed longer in
Vienna, she might not, perhaps, have remained so strongly bound.

Of Lise's childhood we have few details. Even her date of birth is not
entirely certain. In the birth registerl?] of Vienna's Jewish community it is
listed as 17 November 1878, but on all other documents it is 7 November, the
day Lise herself observed. It may be that her parents, already ambivalent
about their Jewish affiliations,[3] somehow delayed the record, or perhaps the
discrepancy was merely a case of Schlamperei , that well-known imprecision
that contributed to Vienna's charm. Neither explanation is satisfactory. Lise's
name also changed slightly, from its original Elise. In Berlin such things might
have caused a flurry of paperwork; in Vienna it made no difference.

Like many of their generation, Lise's parents were recent arrivals in the
capital, a move whose sense of future may explain their lack of attention

— 2 —

to a detailed family history. The Meitners traced themselves back only a few
generations,[?] to the village of Meiethein in Moravia, the fertile region north
of Vienna that is now part of the Czech Republic. Toward the end of the
eighteenth century, not long before the Rights of Man began drifting toward
Austria, Kaiser Josef Il initiated a series of reforms designed to consolidate
power and secure the loyalty of all his subjects: he made German the official
language of government, curtailed the Church, gave peasants some relief
from serfdom, and granted Jews their first very limited access to civic
employment, military service, and education. The Kaiser's tolerance did not
extend to his own environs—fewer than two hundred Jewish families were
permitted to live in Vienna—but he cracked the ghetto walls, so that Jews
flooded the schools, joined the military, and looked to German language and
culture for its promise of emancipation, opportunity, and humanism.[5]

Among Kaiser Josef's administrative reforms was the requirement of a
family name. Lise's great-great-grandfather took the name Meietheiner, an
indication that the family had lived in the village a long time; the name
eventually shortened to Meitheiner, Meithner, Meitner. The family lived
modestly;[®] if some achieved special distinction, it was for their character and
good deeds. Lise's great-grandfather, it was told, crept through the town after
dark every Friday night to lay a loaf of challah, the Sabbath bread, at the door
of every poor Jew. He did this as secretly as possible and did not permit
anyone to thank him, but everyone knew it was the work of Reb Meitner.
"Reb" did not mean "rabbi"—there were none in the Meitner family—but was a
traditional title of respect.

Reb Meitner's son Moriz, Lise's grandfather, married Charlotte Kohn Lowy,
a widow with two small boys who had inherited an inn, some property, and a
guest house in the town of Wsechowitz. Her granddaughters would remember
her as beautiful, well dressed, and as cheerful as she was self-disciplined.
"The house might burn down,” it was said, "and grandmother sings; there is
cholera in the village, and still grandmother sings!" Moriz and Charlotte's son,
Philipp, was blond and blue-eyed like his mother; like his grandfather, Reb
Meitner, he would later be known for his integrity and kindness. In 1873 he
married petite, dark-eyed Hedwig Skovran, whose grandfather had emigrated
from Russia to Slovakia to escape the ongoing persecution of Jews.
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Philipp and Hedwig Meitner grew up with Austria’s transition from late
feudalism to a recognizably modern society. The liberal revolutions of 1848
were crushed in Austria, but the struggle for individual freedoms and national
autonomy went on. Industrialization came to Vienna and with it, a great
internal migration from throughout the empire. In 1858, the medieval
fortifications ringing the old inner city were torn down; in their place came the
imposing Ringstrasse, grand new public buildings, and a parliament with little
real power whose Liberal majority pressed for a modern secular state and
constitutional government. At a time when the old order was failing and the
very notion of empire was threatened by nationalist dissensions, the Hahsburg
monarchy was humiliated by a string of unwise military ventures and
diplomatic blunders. By 1867, Kaiser Franz Josef saved what he could by
dividing the empire and letting Hungary go. He granted his people a number
of constitutional laws: national and religious toleration, a laissez-faire
economy, an impartial judiciary, greater individual freedoms of education,
belief, speech, and press. For Jews, this meant full civic equality, including
access to professions from which they had previously been barred.[”1 Philipp
Meitner was among the first group of Jewish men who were free to study law
and be admitted to its practice.

In the twenty years from revolution to constitution (so the saying went),
Austria had been dragged into the nineteenth century. By the time Lise
Meitner was born in 1878, imperial Vienna was mostly theater, set with
palaces of impossible opulence and a Kaiser, the popular and long-lived Franz
Josef. It hardly mattered any more. The new Vienna was bursting with life of
its own, sprawling into the countryside, its population doubling and doubling
again with an influx so constant that for generations most Viennese would be
born somewhere else: overwhelmingly Catholic with some Jews and virtually
no Protestants, mostly German-speaking with large contingents of Czechs,
Hungarians, Italians, Poles, Croats, Ukrainians, and others who retained their
languages and national identities in newspapers and ethnic associations. To
many of the new arrivals, Vienna was a place of marginal work and much
unemployment, water shortages, and summer cholera, with congestion so
severe that even the wealthy lived in apartments and the very poor shared
beds and slept in shifts. The most heterogeneous city in Europe, it was among
the most crowded and un-

J— 4 J—
sanitary; it had the highest rate of suicide. Still people came: conditions in the
provinces were not better. Vienna at least promised improvement and
pleasure: music of every sort, opera and theater, newspapers by the dozens,
a renowned university, famous physicians and scientists, good food, vineyards
at the edge of town, and blue hills shimmering hazily in the distance. If the
Danube seemed muddy or the waltz overrated, Vienna was beguiling
nonetheless, drawing from every stream of European culture, layered with
history and beauty every newcomer could aspire to make his own. The
intellectual ferment was very great. By the end of the century, Vienna had
given birth to Viktor Adler's democratic socialism and Theodor Herzl's
Zionism; it was the home Sigmund Freud loved to hate and the political base
for Karl Lueger, the city's longtime mayor, whose heady mix of populism and
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anti-Semitism drew the rapt attention of the young Adolf Hitler. If the
nineteenth century came late to this society, the twentieth arrived early.[8]

When Philipp Meitner entered the legal profession in the early 1870s, it
was possible not only to practice law but to have a hand in the creation of a
new political order. The new constitution called for sweeping reforms of
Austria's entire legal system, and in Vienna, after years of neglect by Crown
and Church, the Liberal city council built an ample water supply and provided
flood control and improved public health, hospitals, and schools.[®] It was a
time when progress seemed the natural order of things, each decade a
noticeable improvement on the one before. As an attorney, "freethinker," and
humanist, Philipp Meitner was committed to the Liberal ideals of reason and
civic progress, sympathetic to the Social Democratic goals of justice and
individual improvement. He immersed himself in Vienna's political life.
Although he never sought elective office, he and Hedwig made their home a
gathering place for interesting people—legislators, writers, chess players,
lawyers. The children stayed up and listened. Years later, when Lise was
asked about her childhood, she remembered most of all “the unusual
goodness of my parents, and the extraordinarily stimulating intellectual
atmosphere in which my brothers and sisters and | grew up."[1°]

During Lise's childhood the family lived in the second district, known as
Leopoldstadt, just north across the Danube canal from the old city. Originally
a ghetto, the community was named for Leopold I, who expelled Vienna's
Jews in the 1600s, then grudgingly permitted them to return. For

—_ 5 —_
the next two centuries, the number of Jews in the capital remained small, but
in the 1860s, when residence restrictions were abolished and Jews from
throughout the empire converged on Vienna, Leopoldstadt grew.[11] Crowded
and run-down in some areas, it was pleasant, even somewhat prosperous, in
others.

Lise was born in the family apartment at 27 Kaiser Josefstrasse,[1?] a tree-
lined avenue that traversed Leopoldstadt from a commercial district at one
end to the Prater, Vienna's huge park, at the other. There on a Sunday the
family could enjoy amusements and cafés, wooded paths and open fields, and
even on occasion glimpse the Kaiser riding by. On the whole Leopoldstadt was
a comfortable place to raise a family. The first three Meitner children, Gisela,
Auguste (Gusti), and Lise, were born only a year apart, followed not quite so
rapidly by five more: Moriz (Fritz), Carola (Lola), another boy, Frida, and
finally Walter, the baby brother Lise adored, who was born in 1891.[13] The
large family could afford few luxuries, but Philipp Meitner's law practice did
provide the middle-class essentials: books, a few summer weeks in the
mountains, and—virtually a necessity in Vienna—music lessons.[*4] Gusti was
the family's most talented musician, a child prodigy who became a composer
and pianist of concert rank.[13] Lise played the piano too; all her life music
would be a passion for her, as necessary as food. But she was especially
curious about mathematics and science, an eight-year-old who kept a math
book under her pillow and would ask about the colors of an oil slick and
remember what she was told about thin films and the interference effects of
reflected light.[18] In this family children were seen and heard—and expected
to think for themselves. Once, when Lise was still very young, her
grandmother warned her never to sew on the Sabbath, or the heavens would
come tumbling down. Lise was doing some embroidery at the time and
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decided to make a test. Placing her needle on the embroidery, she stuck
just the tip of it in and glanced anxiously at the sky, took a stitch, waited
again, and then, satisfied that there would be no objections from above,
contentedly went on with her work.[17] Along with books, summer hikes, and
music, a certain rational skepticism was a constant of Lise's childhood years.

Judaism was not one of those constants. In Leopoldstadt the Meitner
children lived among Jews, in a neighborhood dotted with synagogues and
shuls, fully aware that they too were of Jewish origin. And yet it is clear that
the family distanced itself from its Jewish past. One of Lise's nephews,

— 6 —
Gusti's son, Otto Robert Frisch, would later have the firm impression that his
mother and all the Meitner children had been baptized and raised as
Protestants.[18] In fact, this was not so: the children were all registered with
the Jewish community at birth and accepted baptism only as adults—Lola and
Gisela as Catholics in 1908, Lise as Protestant the same year.[1°] But Frisch's
impression was in essence true: the Meitners did leave the old religion for the
new.

Their reasons were never explicitly stated. Opportunism was apparently
not one of them: Philipp and Hedwig Meitner never baptized their children or
themselves and thus derived none of the advantages conversion would have
offered, particularly in the legal profession where discrimination remained
strong and conversion was still a passport to judgeships and other civil service
positions.[20]1 One can only assume that the Meitner couple lost interest in
Judaism, regarding it as a ghetto relic perhaps, or an undesirable ethnic
division; they surely felt little kinship with Leopoldstadt's many Ostjuden ,
Jews from Galicia and other Austrian-held Polish provinces whose language,
dress, and orthodoxy set them apart.[?1] Enlightened and progressive, Hedwig
and Philipp Meitner were drawn to German culture; freshly emancipated, with
optimism bordering on faith, they embraced the culture that freed them.[22]
By the turn of the century, such optimism must have dimmed somewhat, as
the most charismatic Viennese mayor of all time, the handsome Karl Lueger
(der schone Karl ), rallied his voters by appealing to their Catholicism,
nationalism, and anti-Semitism. It is worth noting that none of the Meitner
children followed their father into politics, or even law. But their parents’
idealism influenced them nonetheless. It was part of the "unusual goodness"
Lise remembered, the basis for the extraordinary intellectual atmosphere that
nurtured Lise and the other children in their parents' home.

In this atmosphere all the Meitner children, including the five daughters,
pursued an advanced education. Even today such a family record would be
notable, but at the time it was truly extraordinary, for until the end of the
nineteenth century women were by law excluded from Austrian universities
and, by the same logic, from rigorous secondary schools as well. While a
bright boy might attend a Gymnasium and take the Matura , a leaving
examination that was required before entering the university, public school for
girls was over at age fourteen, and it was poor. Lise attended the Madchen-
Burgerschule at Czerninplatz, a crowded inter-

—_ 7 —_
section not far from home. On 15 July 1892, she received her final Jahres-
Zeugnis , a report card that was also an Entlassungs-Zeugnis , a completion
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certificate.[23] She had learned bookkeeping arithmetic but not algebra, a
smattering of history, geography, and science, the requisite drawing, singing,
and "feminine handwork," a little French and gymnastics. Although her grades
were all good and her behavior "entirely appropriate” (vollkommen
entsprechend ), her diligence was rated only "satisfactory" (befriedigend )
rather than "industrious" (ausdauernd ), an indication that she did not find
school very challenging. Inked at the bottom of her Jahres-Zeugnis was the
line: "vom weiteren Schulbesuch befreit " (released from further schooling).
Lise had gone as far in public school as an Austrian girl could go.

Not yet fourteen, her choices were few. Most girls would spend the next
few years helping at home, sewing, and daydreaming of marriage. The only
way for a girl to go on was to attend a private hohere Téchterschule for young
ladies of the middle class; the only profession she could seek was teaching a
subject that did not require university education. Lise chose French. Nothing
in her contemporary records or later memoirs indicates that she ever had a
real interest in it. Instead, she lavished her energy and love on her baby
brother, Walter; he would always be her closest sibling. She also tutored
younger girls to help pay for Gusti's advanced music lessons and volunteered
with the poor in relief organizations and schools.[24]

Of these years Lise would remember little but a sense of loss. "Although |
had a very marked bent for mathematics and physics from my early years, |
did not begin a life of study immediately," she wrote later.[25] "Thinking back
to ... the time of my youth, one realizes with some astonishment how many
problems then existed in the lives of ordinary young girls, which now seem
almost unimaginable. Among the most difficult of these problems was the
possibility of normal intellectual training."[26]

In Austria the issue of higher education for women had been simmering
for a generation, certainly since 1867 when universities were first opened to
men without regard to economic class, religion, or national origin. Over the
years a small number of women had approached the universities, petitioned
professors, begged to attend a class or two. At best they were permitted to sit
in as unofficial auditors, not expecting and certainly never receiving any credit
or documentation. Most of these women were teachers whose prior education
did not qualify them for university admission. But

—_ 8 —_
even the few who did qualify—occasionally a young woman from Bohemia or
Austrian Poland would somehow manage to attend her local Gymnasium and
pass the Matura—were also denied admission. Daughters of the wealthy and
the aristocracy were routinely educated in Switzerland. The rest were trapped
in a cycle willed by the state: since the universities (all public institutions)
excluded women, the government did not see fit to establish schools that
would prepare women for university admission. In Europe, only Germany and
Turkey offered more resistance to women's education.[27]

Toward the end of the nineteenth century, however, the resistance began
to falter. Women's groups, often led by headmistresses of girls' schools,
regularly petitioned for improved secondary education; a private
Madchengymnasium was established in Vienna in 1891 even though its
graduates were not permitted to take the Matura; the government itself,
urgently needing female physicians for Moslem women in occupied Bosnia and
Herzegovina, recruited foreign women for many years, hired the first Austrian
(Swiss-trained) in 1892, but still denied medical certification to other Swiss-
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trained Austrian women physicians who wished to enter private practice,
although, at the same time, a highly competent eye surgeon who was born in
Russia and trained in Zurich received special permission from the Kaiser to
establish a clinic with her husband in Salzburg. Publicity accompanied each
case, and opinion gradually softened. It seemed plausible, finally, to suppose
that in Austria—as in America, France, and Switzerland—women could be
educated without suffering mental illness or infertility or social catastrophe.
By the mid-1890s, even conservative university professors regarded women
students as a flood that could no longer be held back. In 1897 the
government granted women access to the philosophical faculties (letters and
sciences) of Austrian universities; a few years later women were admitted to
medical schools as well.[28]

With this, the cycle of exclusion was thrown into reverse. Justice, and the
need for university educated women teachers, required that universities admit
women at once, even without Gymnasium preparation. For the interim women
would be required only to pass the Matura, any way they could. This came as
good news—Ilate, but not too late—for Lise and her sisters.

Gisela, already twenty-one, came first. After two years of intensive private
lessons, Gisela passed the Matura and entered medical school in

—_ 9 —_
1900. Lise meanwhile completed her teacher training (as insurance, her father
advised) and in 1899 began her own lessons in a group with two other young
women. Together they compressed eight missing school years into two: Greek
and Latin, mathematics and physics, botany, zoology, mineralogy,
psychology, logic, religion, German literature, history. Lise studied night and
day. "You'll fail,” her younger brothers and sisters would tease. "You've just
walked across the room without picking up a book."[291 A photograph shows a
pale young woman with dark circles under her eyes.

For physics and mathematics, Lise's group was tutored by Arthur
Szarvassy, a young physicist who had just completed his doctorate at the
University of Vienna.[3°]

Dr. Szarvasy [sic ] had a real gift for presenting the subject matter of mathematics and
physics in an extraordinarily stimulating manner. Sometimes he was able to show us
apparatus in the Vienna University [Physics] Institute, a rarity in private coaching—usually
all one was given were figures and diagrams of apparatus. | must confess that | did not
always get correct ideas from these, and today it amuses me to think of the astonishment
with which | saw certain apparatus for the first time.[31]

Lise took the Matura in July 1901 at the Akademisches Gymnasium, a
distinguished boys' school on Beethovenplatz in the old city.[32] The course of
study had been so intense and the examination conditions so terrifying—as
Externisten (outside students), Lise and the other women were examined in
strange surroundings by teachers they had never met—that Lise never failed
to mention it in her later remembrances. Of fourteen who took the exam, only
four passed;[33] three were the students of Dr. Szarvassy. The fourth was
Henriette Boltzmann,[34] whose father would soon be a formative influence in
Lise's life.

Lise would always think of Arthur Szarvassy as her first true teacher. And
she was grateful to her parents, who made it possible for her to achieve what
few other young women of her generation could.
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Many parents shared the prejudice of the time against [women's] education, so that their
daughters either had to forgo the education they desired, or fight for it. ... [I knew] a
young woman who at age 24 wanted to be privately tutored by her cousin to prepare for
the Matura; her parents—in other respects very loving, I'm sure—literally kept her prisoner
in their apartment to keep her from carrying out her intentions. Only when she disappeared
from the apartment one day and let her parents know that she would not return unless she
had permission to study, did they give in.[35]

— 10 —
Although Lise herself had no such obstacles, she sensed that for her mother,
at least, it was not always easy.

I had the feeling that in the beginning, when first my older sister, and then | passed the
Matura, that my mother was inwardly somewhat depressed by it. But she was much too
loving a mother ever to express it in any way.[36]

From her father there was no such ambivalence. On the contrary, he was a
steady source of support and advice.

Even as a child | was strongly interested in mathematics and physics, and as | grew up |
also developed a very pronounced inclination for social responsibility. ... When | was 23
years old and about to enter the university, | entertained the idea of primarily pursuing
medicine, for its social usefulness, and studying mathematics and physics only at the side.
My father kept me from this incorrect choice by making it clear to me that such a course of
study might be possible for a genius like Hermann Helmholtz, but not for another person.

[37]

Lise entered the University of Vienna in October 1901. Small and slender,
with a faraway expression and serious dark eyes, she looked younger than
her twenty-three years. A bluestocking, her nephew would judge later, a
young woman who cared for nothing but study. He was probably right.
Anxious to make up for lost time, Lise filled her university registration book
with physics, calculus, chemistry, and botany—twenty-five hours a week of
lectures, laboratories, demonstration and discussion sections.[38]

No doubt, like many other young students, | began by attending too many lectures. ... |
cannot say | have a very lively recollection of the lectures on experimental physics. These
were delivered almost without experiments, between noon and one P.M. , when most of the
students were already very tired. Sometimes | was really afraid | would slip off my chair.

But for calculus, at eight o'clock in the morning, she was awake.

My first term | studied differential and integral calculus with Professor Gegenbauer. In my
second term he asked me to detect an error in the work of an Italian mathematician.
However | needed his considerable assistance before | found the error, and when he kindly
suggested to me that | might like to publish this work on my own, | felt it would be wrong
to do so, and so unfortunately annoyed him forever.

Here was Lise, a first-year student, refusing to publish as her famous
professor asked. Assertive in one way, self-deprecating in another—neither

to her academic advantage. "This incident did make it clear to me, however,
that | wanted to become a physicist, not a mathematician."[3°]
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In fact, the physics course Lise attended, her drowsiness
nothwithstanding, had the reputation of being exceptionally well taught. It
had been designed for pharmacy students, but Professor Franz Exner brought
such clarity and perspective to the subject that students from all disciplines
thronged to it.[4C] The laboratory was directed by Anton Lampa, a promising
young physicist and teacher.[*1] Lise may have been drowsy in lecture, but
she vividly remembered the laboratory: the somewhat aloof instructor, the
primitive equipment, the experiments requiring ice that could be done only
when there was snow in the courtyard below.[*?] For this young woman who
had never had science in school, whose only previous encounter with
apparatus was to view it with astonishment, the laboratory was of paramount
interest. She would study physics after all.

The physics institute was on the Tlrkenstrasse, a short side street in
Vienna's ninth district, on the same block as the institutes for pharmaceutical
chemistry and medicinal chemistry, not far from the renowned medical school
and its clinics. The university had no central campus; its buildings were
interspersed among the residences and shops of the neighborhood. A
photographer's studio and a coffee house stood on either side of
Turkenstrasse 3; Sigmund Freud lived and worked on the steep Berggasse
nearby. Originally the structure had been a small apartment house, already
run-down when the university purchased it as a temporary building in 1875 (a
permanent physics building opened in 1913). Its entrance reminded Lise
Meitner of the door to a hen house. "l often thought, 'If a fire breaks out here,
very few of us will get out alive."'[43] Inside were worn stairs and shaky floors,
makeshift laboratories with untold amounts of mercury in the floor cracks, a
lecture room with neither podium nor desks, ceiling beams so rotten they
looked as though they had been chewed by termites.[44]

The lecture halls in particular were downright life-threatening. This was so widely known
that the Viennese newspaper Arbeiterzeitung once carried this notice: "Once again a
student has registered at the Physics Institute on the Turkenstrasse; unhappiness in love is
said to be the motive for the deed."[*5]

But in that shabby building the quality of teaching and research was very
high. Exner, the first professor students encountered, was a multifaceted

experimental physicist whose research included electrochemistry, atmospheric
electricity, crystal physics, spectroscopy, and optics. A friend of Wilhelm
Rontgen, Exner had introduced x-ray research and its medical applications to
Vienna; one of the first to take an interest in radioactivity, Exner secured
uranium ore residues for Marie and Pierre Curie, received an enriched radium
sample in return, and made Vienna an early center for radioactivity research.
Although Exner lectured only to first-year students, he directed the advanced
physics laboratories and supervised a large number of doctoral candidates.
One of Lise's fellow students, Karl Przibam, remembered Exner for his
contagious enthusiasm and for the community spirit that went far beyond the
usual relationship between teacher and students.[4€]

This sense of community was essential for Lise in finding her way. She had
come to the university on her own, very conscious of how few women there
were and how visible she was, how some of the men went out of their way to
be pleasant and others, just as conspicuously, did the opposite. Never having
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gone to a Gymnasium, she could only imagine that she had missed some
vital aspect of normal student life, in academics, perhaps, or student
friendships, or relationships with teachers. With Professor Gegenbauer she
had apparently been awkward and then embarrassed by her awkwardness;
not ready to be singled out, she needed first to be convinced that she could
be a student like any other.

For Lise, this happened in the old building on the Turkenstrasse, in the
cluttered laboratory, during the informal give-and-take of teachers and
students. It helped that the subject was difficult, chosen only by a few. In
Vienna, indeed worldwide, the number of physicists was small; nearly all were
engaged in teaching and research, very few in business or industry. Physics
was more a calling than a career.[*71 Students who committed themselves to
physics did so because they could not imagine a more fascinating way to
spend their lives. By 1902, Lise Meitner knew she was one of them.

In her second university year, she began studying physics in earnest. Over
the next six semesters, her Meldungsbuch lists analytical mechanics,
electricity and magnetism, elasticity and hydrodynamics, acoustics, optics,
thermodynamics, and kinetic theory of gases as well as mathematical physics
each semester and a course in philosophy of science. A fairly typical
curriculum, it was highly unusual in one respect: all of it was taught by just
one person, the theoretical physicist Ludwig Boltzmann.

Fifty years later Lise Meitner would still remember Boltzmann's lectures as
"the most beautiful and stimulating that | have ever heard. ... He himself was
so enthusiastic about everything he taught us that one left every lecture with
the feeling that a completely new and wonderful world had been revealed."[#8]

One can scarcely imagine a better teacher for the atomic world that lay
ahead. In 1902, Boltzmann was fifty-eight years old, the famed theoretical
physicist who had extended kinetic theory and established statistical
mechanics, the leading "atomist” who tied the second law of thermodynamics
to atomic theory by showing that the inherent irreversibility of natural
processes arises from the statistical behavior of atoms in the aggregate. The
notion of unseeable atoms with indeterminate behavior was more than some
scientists could swallow. For years Boltzmann was forced to defend his work
against the fairly widespread philosophy of scientific positivism that denied
the value of scientific theory and the reality of anything that could not be
directly observed.

A big man, heavy, very nearsighted, with curly brown hair and a full
reddish beard that framed his broad face,[4°] Boltzmann aroused admiration
and affection in his students. He began his mechanics course in 1902 by
offering his students "everything | have: myself, my entire way of thinking
and feeling,” and asking the same of them: "strict attention, iron discipline,
tireless strength of mind. But forgive me if | [first] ask you for that which
means most to me: for your trust, your affection, your love—in a word, for
the most you have the power to give, yourself."[50]

Like many of the others, Lise was swept away. He was immensely
engaging, she remembered, this famous professor whose lectures were
models of clarity, this warmhearted Hofrat (Excellency) who would shrug at
his title and laugh, "Ach, how dumb of me!" at his blackboard errors.[51]

Boltzmann had no inhibitions whatsoever about showing his enthusiasm when he spoke,
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and this naturally carried his listeners along. He was fond of introducing remarks of an
entirely personal character into his lectures. | particularly remember how, in describing the
kinetic theory of gases, he told us how much difficulty and opposition he had encountered
because he had been convinced of the real existence of atoms and how he had been
attacked from the philosophical side without always understanding what the philosophers
held against him. ... I wonder what he would say about our huge machines and teamwork
[today], when | remember how bitterly he complained ... about the great extension of the
subject matter of physics and

the resulting overspecialization. He stated categorically that [Hermann] Helmholtz was the
last physicist who had been able to have an overall view of the whole subject.[52]

His relationship to students was very personal. ... He not only saw to their knowledge of
physics, but tried to understand their character. Formalities meant nothing to him, and he
had no reservations about expressing his feelings. The few students who took part in the
advanced seminar were invited to his house from time to time. There he would play for
us—he was a very good pianist—and tell us all sorts of personal experiences.[53]

Boltzmann accepted women students as a matter of course. In 1872, long
before women were admitted to Austrian universities, he met Henriette von
Aigentler, an aspiring teacher of mathematics and physics in Graz. From their
four-year correspondence we know of her desire to attend the university ("out
of eagerness to learn and to qualify for teaching™), how she was refused
permission to unofficially audit lectures (an administrator declared himself
"delighted"” to keep women out, since "the character of the university would
be lost and the institution endangered” by their presence), that Boltzmann
advised her to appeal (she did, successfully), and that when he proposed
marriage, finally, he began, "It seems to me that a constant love cannot
endure if the wife has no understanding, no enthusiasm for the endeavors of
the husband, but is merely his housekeeper rather than the companion in his
struggles."[54]

Lise may have heard some of this; she came to know his wife and
daughters and considered their family life harmonious.[®%! In any case, her
university years were free of the obstacles she had encountered earlier and
the difficulties that lay ahead. With his intellect and spirit, Boltzmann created
a community to which she fully belonged. "He was in a way a 'pure soul," full
of goodness of heart, idealism, and reverence for the wonder of the natural
order of things."[56]

All who were close to Boltzmann were also aware of his bouts of severe
depression and his suicide attempts.[57] His students blamed it on the bitter
controversy over whether atoms existed, in which Boltzmann gained many
adherents among younger scientists but never the satisfaction of convincing
his opponents. It was not that simple. Boltzmann himself jestingly attributed
his rapid changes in temperament to the fact that he was born during the
night between Shrove Tuesday and Ash Wednesday: he was, almost certainly,
manic-depressive.[58] But he was also very sensitive. As

Meitner reflected, "[He] may have been wounded by many things a more
robust person would have hardly noticed. ... | believe he was such a powerful

teacher just because of his uncommon humanity."[5°]
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Boltzmann's academic career was a series of wanderings. Born in Vienna
in 1844, he graduated from the Akademisches Gymnasium, where Lise
Meitner and also his daughter, Henriette, later took their Matura. At the
University of Vienna, he was a student of Josef Loschmidt (1821-1895), who
made reliable early estimates of molecular size and the number of molecules
per mole,[89] and he was assistant to Josef Stefan (1835-1893), who devised
an empirical formula for black body radiation that Boltzmann subsequently
gave a theoretical basis.[61] Between 1869 and 1890, Boltzmann held
appointments in Graz, then Vienna, then Graz again, a period during which he
contributed to all branches of theoretical physics: electromagnetic theory,
kinetic theory, the Maxwell-Boltzmann distribution, statistical mechanics. He
went to Munich in 1890, returned to Vienna as Stefan's successor in 1894, left
for Leipzig in 1900, and came back again in 1902. The university had kept his
position open in the expectation that he would return.[62]

Boltzmann was torn between his attachment to Austria, especially Vienna,
and the attractions of German universities. Meitner recalled that Boltzmann
would tell how in Munich there was "wonderful equipment, but far fewer good
ideas" than in Vienna and then hastily add, "One must not let the Austrian
[education] ministry know that good work can sometimes be done with
inferior equipment.”l63] Of all universities, he most preferred Berlin, for its
intense scientific atmosphere and the presence of Hermann Helmholtz, whom
Boltzmann regarded as the greatest physicist of the nineteenth century. Yet in
1888 he refused the offer of a chair in Berlin, in part out of concern for his
health,[64] in part, it was said, because he disliked the formality of the
Prussian capital.[65] Later he would tell his students how much he regretted
that decision. The position he refused went to a younger theoretical physicist,
Max Planck.

A year after Boltzmann came to Vienna in 1894, he was joined on the
faculty by one of his principal scientific adversaries, the formidable Ernst
Mach. The leading proponent of the philosophy of scientific positivism, Mach
argued that science can do no more than conduct positive—that is, direct—
observations: while scientific theory may be of use for organizing such data, it
must not create "pictures,” as he called it, of underlying

reality. Mach's impetus was antimetaphysical, a reaction against nineteenth-
century attempts to reduce all of physics to mechanical principles; he opposed
the kinetic theory of gases, based as it was on molecular motion, and
dismissed the existence of atoms in broad Viennese, "'Ave y'seen one of
'em?"[66] In the 1890s, according to Boltzmann, the attitude toward the gas
theory was "malevolent,"[67] complete with angry debates at meetings,
struggles for the allegiance of young scientists, fights over appointments to
faculties and journals.[®8] In central Europe especially, Mach attracted a
sizable following, including "energeticists"” led by the physical chemist Wilhelm
Ostwald, for whom energy was the primary reality and the second law of
thermodynamics superfluous. For his part, Boltzmann attacked positivism as a
modern version of an "old aberration,” going back to the philosophy of George
Berkeley. In 1905 he visited a university in California whose campus he
described as "the loveliest place one can imagine," except for its
"philosophical aura":[6°1 "The name Berkeley is that of a highly reputed
English [sic ] philosopher who is famous for the greatest foolishness ever
hatched by the human brain, philosophical idealism, which denies the

ifile://F:\downl oad\hyotyohjel mat\meitner\L ise M eitner.htm 20.7.2006

___________________________________


file://F:downloadhyotyohjelmatmeitnerLise

Lise Meitner Page 18 of 443

existence of the material world."[7°]

In 1898 Mach suffered a stroke, and he retired from teaching in 1901.
When Boltzmann returned to Vienna in 1902, he claimed the philosophy of
science course that had been Mach's for many years. Boltzmann's inaugural
philosophy lecture in 1903 was thronged by the press, students, including Lise
Meitner, and six hundred "sensation-seekers." With his predecessor in mind,
Boltzmann confessed to his "dislike, even hate of philosophy," comparing it to
"a hallowed virgin ... [that] will remain eternally barren"I[71] as long as it
denies the existence of physical reality. Thus the hostilities between the
atomic theorists and the followers of Mach went on.

But the dispute over the reality of atoms was nearing an end. The
discovery of radioactivity in 1896 and the electron in 1897 transformed atoms
from disputed specks of mass to complex structures that were divisible,
measurable, packed with amazing amounts of internal energy, and composed
of fundamental particles of electric charge. "No physicist today believes atoms
are indivisible,"[72] Boltzmann told an audience at the World's Fair in St. Louis
in 1904. That was probably true for those who believed in atoms, but not all
physicists did, yet. The final blow came after Albert Einstein in 1905 and Jean
Perrin in 1908 made detailed studies of

Brownian motion, the random movement of particles suspended in a liquid,
visible under the microscope. By relating the movement of the suspended
particles to the number and energy of the molecules in the liquid that were
hitting them from one side or another, Einstein and Perrin obtained a value for
the number of molecules in a mole that was consistent with other, unrelated
experiments. The direct relationship between the heat energy of atoms and
the mechanical energy of visible Brownian particles gave complete credence
to Boltzmann's interpretation of thermodynamic laws. And somehow it made
atoms nearly visible and very real. Ostwald was convinced and in 1908
conceded; it is uncertain if Mach ever did before he died in 1916.[73]

The controversy made plain to students that scientific endeavor is not
coldly objective but relies on human judgment. From Boltzmann, Lise Meitner
understood physics to be a passionate commitment of intellect, strength, and
integrity. Many years later her nephew Otto Robert Frisch wrote, "Boltzmann
gave her the vision of physics as a battle for ultimate truth, a vision she never
lost."[74]

Meitner's goal in physics would be theoretical understanding; her means,
nearly always, would be experiment. In the summer of 1905, her coursework
completed, she began her doctoral research. In Austrian and German
universities the thesis research for a doctorate generally took no more than a
few months to complete. She chose an experimental project, under Franz
Exner and his assistant, Hans Benndorf, undoubtedly because she wanted the
laboratory experience but also, perhaps, because Boltzmann was lecturing in
California that summer and had been quite ill before he left.[75]

In her research, Lise determined that Maxwell's formula for the conduction
of electricity in an inhomogeneous solid also applies to the conduction of heat.
Her inhomogeneous solid, an emulsion—a finely divided mixture—of mercury
droplets embedded in fat, was layered between two horizontal copper plates,
on which was laid a third copper plate that was insulated from the bottom
two. The temperature of the bottom plate was kept constant by a stream of
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running water; when the top plate was heated by steam, three
strategically placed thermometers in the emulsion measured the temperature
gradient as the heat flowed through. Exner was pleased, commending her for
a "not entirely easy" investigation that was brought to completion "not
without experimental skill." Her dissertation,

"Test of a Formula of Maxwell's,"” was published under the title "Conduction of
Heat in Inhomogeneous Solids" in the proceedings for the Vienna Physics
Institute.[76] Experiment close to theory, it typified her later approach to
physics. Personally, however, Exner's influence seems to have been slight: in
her later memoirs she mentions him only in passing, never with the
affectionate term Doktorvater that German-speaking students often use. Most
probably Boltzmann's personality eclipsed all others. Both men took part in
her Rigorosen , the oral examinations that she took in December 1905 and
passed summa cum laude. She was awarded her doctoral degree on 1
February 1906.[77]

It was the middle of the academic year and Lise found herself somewhat
at loose ends. At the time Paul Ehrenfest, a theoretical physicist her own age
who had taken his doctorate under Boltzmann a few years before, was in
Vienna. When he heard that Lise had taken detailed notes of all Boltzmann's
lectures, he suggested they study his ideas as well as the work of others in
analytical dynamics.[78] Ehrenfest had a gift for explaining theoretical physics;
he called Lise's attention to Lord Rayleigh's scientific papers, in particular an
article on optics that described an experiment the British physicist could not
explain. Meitner not only explained it but also predicted some consequences,
proved them experimentally, and described them in her report, "Some
Conclusions Derived from the Fresnel Reflection Formula."[7®] More than her
thesis project, this investigation convinced her that she was capable of
independent scientific work.[80]

While engaged in the optics study, she also decided to learn something of
the experimental procedures used in the new field of radioactivity. She had
taken an advanced seminar on the subject from Egon von Schweidler the year
before; now she became acquainted with Stefan Meyer, an assistant in
Boltzmann's institute who was only six years her senior and already quite well
known in the field. At Meyer's suggestion, Meitner measured the absorption of
alpha and beta radiation in foils of various metals. By June she completed the
study,[81] having been introduced to several radioactive substances, the
literature of radioactivity, and a new instrument, the leaf electroscope.

It was the summer of 1906, a time to assess her future. For the young
woman who had just become Dr. Lise Meitner, the future was not much
clearer than it had been at age fourteen. As the second woman to earn a
doctorate in physics from the university, she knew of no prospects for a

woman in physics;[82] it seemed entirely possible she might never work as a
scientist. In Austria there had as yet been no female Assistent , the first
position on the academic ladder; there were no women's colleges like those in
America with positions for a few women scientists,[83] no great likelihood of a
job in industry. Of course, Lise had heard of Marie Curie, who had won the
1903 Nobel Prize in physics with her husband, Pierre, and Henri Becquerel; if
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she also knew of Curie's enormous professional difficulties in Paris and how
little the prize had alleviated them, she would not have been encouraged. At
one point she wrote to Marie Curie about working in her laboratory, but there
was no position available.[84] There seemed no choice but to follow her
father's advice once again and obtain the credentials necessary to earn a
living. She signed up for practice teaching at a girls' school.[8%] Teaching did
not appeal to her. Great, perhaps insurmountable, obstacles stood in the way
for a woman in science. There was no path to follow.

Late that summer, on 5 September 1906, the physics community was
shocked by the news that Ludwig Boltzmann had taken his life. In a tribute to
his friend and scientific opponent, Wilhelm Ostwald described Boltzmann as a
victim of the immense sacrifices of health and strength demanded of those
who struggle for scientific truth.[88] Lise Meitner, more realistically, ascribed
his suicide to "mental instability"; she never understood it.[87] But it seems
likely that Boltzmann's death strengthened her determination to remain in
physics, so that the spark he had kindled in her would remain alive.

In the fall of 1906, therefore, she continued working with Stefan Meyer,
who temporarily took over Boltzmann's institute. By day she taught school; in
the evening she returned to Turkenstrasse 3. During that year she became
familiar with radioactivity research, although she had no particular intention of
specializing in it.[88]

One of the earliest workers in the field, Meyer had been investigating the
magnetic properties of various elements when polonium, radium, and then
actinium were discovered in the Curies' laboratory in 1899.[891 with von
Schweidler, he investigated the radiation emitted by the new elements; using
a magnetic field to deflect the radiation, they discovered that beta radiation
consists of particles with negative charge,[°°] a discovery made at nearly the
same time by Henri Becquerel in France and Friedrich Giesel in Germany. A
year later Becquerel measured their charge-to-mass ratio

and confirmed that beta rays—more correctly, beta particles—are identical to
electrons. In a similar experiment, Meyer and von Schweidler studied the
alpha radiation from polonium but were unable to observe a deflection; a few
years later Ernest Rutherford would use stronger magnets to determine that
alpha particles are positively charged.

Meyer remained in radioactivity. He recognized that the puzzling "induced
activity" that early workers had found throughout their laboratories was due
to radium, thorium, or actinium emitting a radioactive gas—Rutherford called
it "emanation"—that diffused into the air and then decayed to a solid that
coated objects all over the laboratory. The solid, also radioactive, was
thereafter termed the "active deposit."[°1] (For the radioactive decay series,
see Appendix fig. 1.) In those early years of radioactivity research, Meyer also
studied the physical effects of radiation, such as color changes in minerals.

In 1900, four years after the discovery of radioactivity, the number of
recognized radioactive species stood at five: the elements uranium, thorium,
polonium, radium, and actinium. When Lise Meitner began research in 1906,
the number was over twenty and rising—most confusing, since at first every
new radioactive substance was thought to be a new element (the existence of
isotopes was not fully appreciated until about 1913, when it became clear that
it was possible for different radioactive species to be chemically identical). In
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addition, the relationship between radioactive substances was not
understood, and little was known about their radiation. And yet, chaotic as it
was, the field was inviting, for a newcomer needed little more than a
radioactive source and a measuring device to quickly discover a new activity
or learn something new about its radiation.

In Vienna the preferred instrument for radiation measurements was the
leaf electroscope. A simple device, it consisted of a very thin gold or
aluminum leaf fastened to a metal rod whose end protruded from an enclosed
container into which it was sealed. When the rod was given an electric charge,
the gold leaf was repelled away from the rod; when a radioactive substance
was brought near, its radiation would ionize the surrounding air, the charge
on the metal rod and the gold leaf would leak away, and the leaf would
descend to its resting position, the rate of descent being a measure of the
strength of the radiation. Franz Exner had improved the electroscope for
highly sensitive measurements of atmospheric radi-

ation; Julius Elster and Hans Geitel had added a mirror, a scale, and a
magnifying glass. The electroscope was a sensitive instrument, readily
modified for alpha, beta, or gamma radiations; its disadvantages included the
mind-numbing tedium of the measurements and the delicacy of the metal
leaf. Karl Przibam recalled "how irritating it was when [the electroscope] was
not carefully charged and the little gold leaf hit the top and got stuck, or even
tore off1"[92]

In Meitner's first study, done in the spring of 1906, she measured the
absorption in several metals of alpha and beta radiation emitted by the active
deposits of thorium and actinium; she found, as others had, that alpha
radiation exhibits a well-defined range in each metal, whereas the more
penetrating beta radiation tapers off gradually. Although she pointed to the
importance of absorption studies for understanding the nature of the
radiation, she presented her measurements without speculating on their
meaning.

Now, in late 1906, Meitner turned to the question of whether alpha
particles are merely absorbed as they pass through matter, or whether they
are also scattered to some extent. A number of scientists, including Marie
Curie and Rutherford had found evidence of scattering, but W. H. Bragg
disputed these findings. The question was of considerable interest for learning
something of the nature of alpha particles and also the matter through which
they passed; Rutherford had already noted that scattering "brings out clearly
the fact that the atoms of matter must be the seat of very intense electrical
forces."[93] Meitner devised an arrangement by which a beam of alpha
particles was collimated—made parallel—by passing through a bundle of tiny
metal tubes, then allowed to penetrate a metal foil, and then collimated again
by another bundle of tubes some distance away.[®4 The attenuation of the
beam as it passed through the first and second collimators varied with the
distance between them in a manner that could be explained only if the alpha
particles were indeed scattered somewhat by the metal foil; Meitner found
that the scattering increased with the atomic mass of the metal atoms. In a
few years, alpha scattering would lead Rutherford to the nuclear atom;
Meitner's was an early example of such experiments, cleverly designed and
carefully executed.[®5] She submitted her report to the Physikalische
Zeitschrift on 29 June 1907.
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Another year was over, and again Lise Meitner faced a decision. In Vienna
her future appeared to hold nothing but teaching.[°¢] Behind her lay

the three investigations she had independently completed. As she later wrote,
"This gave me the courage to ask my parents to allow me to go to Berlin for a
few terms."[97] Her parents agreed. Meitner regarded it as pure self-
indulgence on her part and generosity on theirs. At the age of twenty-eight,
she still depended on them for an allowance.

Chapter Two
Beginnings in Berlin

We were young, contented, and carefree, perhaps politically too carefree.

Lise Meitner arrived in Berlin in September 1907. She expected to study there
a few semesters; she would stay for more than thirty years.

She chose Berlin because it was a magnet for the German-speaking world,
because Boltzmann had spoken of it with regret, and above all because she
knew the name of Max Planck and had seen him when he was invited to
Vienna as a possible successor to Boltzmann. She had not heard of his
quantum theory, although it had been published in 1900, and she knew
almost nothing about Berlin, not even that women were still excluded from
Prussian universities.[1]

The university in Berlin, young by European standards, was founded under
Friedrich Wilhelm 111 in 1809-1810. Berlin was large then but still amorphous,
set on a sandy plain at the confluence of two minor rivers, the Spree and the
Havel. With Prussia's growing dominance, Berlin developed into Germany's
political, social, and intellectual center. Its focus was the tree-lined Unter den
Linden, the landmark Brandenburger Tor, and an immense cluster of public
buildings: the huge Reichstag, the Staatsoper, the Charité hospitals and
clinics, museums of art, antiquity, and anthropology, churches, palaces,
libraries, theaters. Lest Prussia's traditional source of strength be forgotten,
the Brandenburg Gate was topped by the goddess Victory who gazed calmly
over the cafés on Unter den Linden; to her left just beyond the Reichstag
stood the Siegesaule, a victory column encrusted with ceremoniously gilded
cannon barrels captured from Denmark, Austria, and, most satisfying, France.
Taste was not Berlin's strong point, neither in women's fashions nor cuisine
nor monumental archi-

— 24 —
tecture; it lacked the patina of Vienna, the grace of Munich, the solidity of

Hamburg. But the city had wit, non-European energy—"Chicago on the
Spree"—and a modern edginess that left room for nearly every form of human
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activity.[?] And Berlin's beauty could be surprisingly gentle, with warm
summers and generous open space, waterways lacing the central city, and to
the west a chain of lakes framed by thick pine woods as the Havel flowed
south toward Potsdam.

By the turn of the century the Friedrich-Wilhelm-Universitat ranked as one
of the finest in Europe. Its main building opened onto Unter den Linden across
from the Opera, with other buildings and institutes on the narrow streets
between the hospital complex, the museums, and the Reichstag. The
university's placement as one among many cultural emblems may well have
emphasized its inaccessibility to women, who were expected to fill their
designated roles of mother, Hausfrau , and guardian of virtue with less
education than their counterparts elsewhere in Europe. At no time in the
nineteenth century could German women attend universities as anything but
unmatriculated auditors; their secondary education was correspondingly
irregular. The state of Baden was the first to open its universities to women,
in 1900; others slowly followed. Prussia, which did not admit women until the
summer of 1908, was by no means the last.[3]

When Lise walked through the university gates, therefore, she entered a
domain so decidedly male that she felt not just a stranger but an oddity. She
reacted with a reserve so extreme that she herself described it as "bordering
on fear of people."l*l One of the first people to speak to her was Gerta von
Ubisch, a biology student attending classes as an auditor. Gerta, who was a
native of Berlin, and her parents invited Lise for weekends in the country. "No
one who knew you when you were so shy at first doubted that you would do
something great,"” she told Lise forty years later. "My small contribution
during those first months was to help you overcome your shyness with
respect to your colleagues, which you would have done eventually on your
own."[5]

Lise had to ask Max Planck for permission to attend his lectures.

He received me very kindly and soon afterwards invited me to his home. The first time |
visited him there he said to me, "But you are a Doctor already! What more do you want?"
When | replied that | would like to gain some real understanding of physics, he just said a
few friendly words and did not pursue the matter any further. Naturally, | concluded that
he could have no

— 25 —
very high opinion of women students, and possibly that was true enough at the time.[®]

She was right. Planck's opinion was in fact on record, published in 1897 by
a Berlin journalist who surveyed some one hundred professors, teachers, and
writers for their views on higher education for women.[”] The responses
varied widely. Impassioned supporters tended to be brief: "Keeping women
from the universities is an injustice that has gone on far too long,” "It is quite
impossible for me to understand how a modern human being deserving of the
name can deny women's right and ability for academic study,” "What gives us
men the right to always determine what women shall do?" Those strongly
opposed argued at length: women would be too weak for surgery, frightful
(schrecklich ) in the ministry, untalented in history, a threat to the social and
intellectual character of the university. Mathematicians unconditionally
favored the admission of women: Felix Klein reported that his six current
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women students (fully matriculated in Goéttingen under a trial program
open only to foreign women)[8] were as capable as the men, while the Kiel
mathematician G. Weyer listed twenty-one women mathematicians and
astronomers from Hypatia to Maria Mitchell, including a biography of Sofia
Kovalevskaia. Several respondents deplored the German feminine ideal of
woman's place in nursery and kitchen, and its reverse, the caricature of the
sexless learned woman (die gelehrte Frau ); a few pointed out that since men
did not object to women working in factories, their opposition to women in the
professions was surely due to fear of competition. Hugo Munsterberg, a
Freiburg philosophy professor who spent several years at Harvard, described
the vitality of Boston society with its educated, intellectual, and interesting
women; he noted, however, that their American college diplomas were by no
means equivalent to a German university degree.[®]

Max Planck’s response was well toward the conservative end of the
spectrum.

If a woman possesses a special gift for the tasks of theoretical physics and also the drive to
develop her talent, which does not happen often, but does happen on occasion, then |
consider it unjust, from a personal as well as an objective point of view, to categorically
deny her the means to study as a matter of principle; if it is at all compatible with
academic order | shall readily admit her, on a trial basis and always revocably, to my
lectures and my practical courses. ...

On the other hand, | must hold fast to the idea that such a case must always be considered
an exception, and in particular that it would be a great mistake to establish special
institutions to induce women into academic study, at least not into pure scientific research.
Amazons are abnormal, even in intellectual fields. In certain practical situations, for
example, women's health care, conditions might be different, but in general it can not be
emphasized strongly enough that Nature itself has designated for woman her vocation as
mother and housewife, and that under no circumstances can natural laws be ignored
without grave damage, which in this case would appear especially in the next generation.

[10]

Planck wrote this in 1897 when he was thirty-nine years old, already a
professor and well-known scientist, husband and father of four. Unlike many
of his contemporaries, he accepted the societal status quo without question
and elevated his own family structure to natural law. Nevertheless Planck did
not completely depersonify women: he was willing to admit exceptions. When
Lise Meitner appeared in his office ten years later, he apparently recognized
her as one of them. Perhaps he saw in her painful shyness the determination
it took just to be there; he must have sensed how out of place she felt and
invited her to his home.

Even with my first visit | was very impressed by the refined modesty of the house and the
entire family. In Plack's lectures, however, | fought a certain feeling of disappointment at
first. ... Boltzmann had been full of enthusiasm ... and he did not refrain from expressing
this enthusiasm in a very personal way. ... With this background, Planck's lectures, with
their extraordinary clarity, seemed at first somewhat impersonal, almost dry. But | very
quickly came to understand how little my first impression had to do with Planck’s true
personality.[*1]

Lise soon realized that Planck’s lectures would not occupy all her time, and
she looked about for a place to do some experimental work. When she
approached Professor Heinrich Rubens, head of the experimental physics
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institute, he offered her a place in his own laboratory.

Now it was quite clear to me then, as a beginner, how important it would be for me to be
able to ask about anything | did not understand, and it was no less clear to me that |
should not have the courage to ask Professor Rubens. While | was still considering how to
answer without giving offense, Rubens added that Dr. Otto Hahn had indicated that he
would be interested in collaborating with me, and Hahn himself came in a few minutes
later. Hahn was of the same age as myself and very informal in manner, and | had the
feeling that | would have no hesitation in asking him all | needed to know.

— 27 —

Moreover, he had a very good reputation in radioactivity, so | was convinced he could teach
me a great deal.[12]

More than fifty years later, Otto Hahn would cite 28 September 1907 as
the day he first met Lise Meitner.[13] Although the date, like other things Otto
would later remember, is probably not quite correct, their meeting was clearly
an important event for him, as it was for Lise. They would work under the
same roof for the next thirty-one years, together at first and then
independently, the closest of colleagues, the best of friends. Later, after Lise
left Berlin, their collegiality would not survive the differences that grew
between them. But their friendship proved irreversible, a constant in their
lives.

Hahn was born in Frankfurt on 8 March 1879, four months after Lise, the
youngest son of a well-to-do tradesman, a good but not especially diligent
student who took his degree in chemistry from the University of Marburg. To
learn some English and improve his prospects for a position in chemical
industry, he went to London in 1904; Sir William Ramsay, the chemist famous
for discovering argon and other noble gases, introduced him to the field of
radioactivity. Hahn's research went so well—he promptly discovered a new

radioactive substance, radiothorium (228 Th)—that he decided on an academic
career as a radiochemist. He spent the following year in Montreal with Ernest
Rutherford, discovered two more activities, thorium C (later revised to

ThC' [212 Po]) and radioactinium (227 Th), and in 1906 returned to Germany
for a position as Assistent (assistant) in the institute of Emil Fischer, the great
organic chemist in Berlin. At the time, very few physicists and even fewer
chemists worked in radioactivity, none in Berlin. In Fischer's institute Hahn
was surrounded by chemists who had no idea what he was up to; Fischer
himself, who liked to say that no instrument was more sensitive than the
human nose, found it hard to believe that an electroscope could detect far
smaller quantities of radioactive material.[*#4] Hahn soon found another

activity, which he named mesothorium, a mixture of MsThl(228 Ra) and
MsTh2(228 Ac), and in the spring of 1907 was ready for his Habilitation . On
learning of Hahn's promotion, a department head sniffed, "It's incredible what
gets to be a Privatdozent these days!"[15]

In the German academic hierarchy, the first rung on the academic ladder

was that of Assistent, a research position that carried a small salary and no
teaching duties. After a few years, the Assistent would prepare his
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Habilitationsschrift , a written and verbal presentation of his independent
work, receive the venia legendi (right to teach) at the university level, and be
appointed Privatdozent (instructor), an unsalaried position that provided
academic rank, research funding, and teaching assignments in return for fees
paid by students. If things went well he could expect a Ruf (literally, "call™) to
an appointments as ausserordentlicher Professor (extraordinary professor)
and if he was exceptional and a position was available, ordentlicher Professor
(ordinary professor, or simply professor), a position most academics never
reached.

The titles do not convey the same relative importance as comparable
American titles: in Germany, the position of Professor was far more powerful
than those below it because of the practice of having only one professor for a
given subject area. Most universities, for example, had only two professors in
physics, one theoretical and the other experimental (in Berlin, these were
Planck and Rubens). Many physicists might work under them in various fields,
but the number of professors remained constant unless major efforts were
undertaken to convince the Ministry of Education that a new professorship
was needed. Professors often headed their own institutes, were paid far more,
and were the only faculty to have a say in hiring, budget, and policy
decisions. Ordinary and extraordinary professors were government officials
with civil service rank; very distinguished professors might be given the title
Geheimrat (privy councilor; in Austria, Hofrat ) or even ennobled with a "von™
before their family name. It has been argued that with their power, privilege,
and government rank, German academics of the period were a functional
ruling caste—comparable to the military in Prussia—that substituted for a
more traditional aristocracy.[1€]

With few kindred spirits in the chemistry institute, Hahn regularly attended
Professor Rubens's Wednesday physics colloquium, and it was there, most
probably, that he was first introduced to Lise. They were delighted with each
other from the start. Otto liked women in general; he had worked with at
least one other woman physicist, Harriet Brooks, in Montreal, and he was
genuinely glad to find another person—especially a physicist—with experience
in radioactivity.[17]1 And Lise sensed that Otto's good-natured informality
would make it easier for her to overcome her shyness. Each saw in the other
something they lacked. Lise knew the physics and mathematics Otto had
never studied, and she had the middle-

class intellectual upbringing he had always admired from afar; Otto was
charming and sociable to the tips of his Wilhelminian mustache, whose
upturned ends signaled that a person "was somebody," or at least wanted to
be. In each other's company both could escape some of the formalities of
Berlin. For his outspokenness Hahn had already been described as "one of
those Anglicized Berliners™ (not intended as a compliment), and Meitner had
been appalled at being asked to sign a paper saying she would behave
"Standesgemass "—"according to her rank and station”"—when renting a
room.[*8l In many ways Vienna and Frankfurt were closer to each other than
either was to Berlin. Lise and Otto made plans to begin work together at once.

There was one problem. The Chemistry Institute was completely off-limits
to women: Emil Fischer was afraid they would set fire to their hair, having
once had a Russian student with an "exotic" hairstyle.[1°] (He must have
believed his beard to be flame resistant.) As a compromise, Lise was allowed
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to work in a basement room, formerly a carpenter's shop, which Otto had
set up for measuring radiation; she was not to set foot in any other part of
the institute, not even the laboratory upstairs where Otto did his chemical
experiments. Fischer relented only because the wood shop had a separate
outside entrance; to use a toilet Lise walked to a restaurant down the street.
A year later, when women were legally admitted to Prussian universities,
Fischer welcomed them, lifted his restrictions on Meitner, and installed a
ladies' room.[20]1 Many of the chemistry assistants resented the change, and
Lise remained essentially "nonexistent” in Fischer's institute.[21] Sometimes,
when an assistant encountered Meitner and Hahn together, he would make a
point of saying only, "Good day, Herr Hahn!"[22]

The physicists were much friendlier. At Rubens's physics colloquium Lise
joined a group of young people that included James Franck, Gustav Hertz,
Max Laue, Otto von Baeyer, Robert Pohl, Peter Pringsheim, and Erich
Regener, and, later, many others who would be her lifelong friends. As she
wrote, "Not only were they brilliant scientists, they were also exceptionally
nice people to know. Each was ready to help the other, each welcomed the
other's success."[23]

For their first investigation, Hahn and Meitner decided to survey all the
beta-emitting radioactive sources at their disposal. Such a study was
necessary, they believed, because earlier results, obtained by different
scientists under varying experimental conditions, were proving difficult to

interpret. Although no one doubted that beta particles were high-energy
electrons, almost everything else about them was quite unclear, including
their energy of emission and the manner in which they were absorbed in
various materials.

On the whole alpha radiation presented a somewhat simpler picture. The
nature of alpha particles was not known with certainty—Rutherford had not
yet proven that they were helium atoms that had lost two electrons—but their
energy and absorption characteristics were understood quite well. In 1904
Bragg had shown that each pure alpha source emits alpha particles with
uniform energy and a sharply defined range (penetrating distance) that is
sufficiently characteristic of the source to serve as a means of identification.
[24] In Montreal Otto Hahn had used just this characteristic to find a new
alpha source: the active deposit of thorium, already known to contain the

alpha emitter ThB (later designated ThC [212 Bi]), emitted alpha particles with
two distinct ranges, indicating the presence of a second activity he called ThC
(later ThC' [212 Po]).[25] This method was particularly useful for finding very
short-lived substances. Hahn's ThC (ThC"), for example, was later found to
decay with a half-life of 3 X 107/ seconds—so fast that not enough could
accumulate for detection by chemical means.

As a working hypothesis, Meitner and Hahn assumed that beta particles,
like alpha particles, were emitted with uniform energy; they knew, however,
that beta particles were far more penetrating and were absorbed only
gradually as they traveled through matter. By 1907 there was a general
consensus that beta particles of uniform energy would be exponentially
absorbed.[28] If true, then any deviation from exponential absorption would
indicate the presence of more than one beta source.

Hahn and Meitner measured the absorption characteristics of a number of
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pure beta sources and mixtures—mesothorium 1 and 2, the thorium and
radium active deposits, uranium X (234 Th), radiolead (210 Pb), and radium E

(210 Bi)—making chemical separations where possible, controlling physical
parameters such as the thickness and area of the radioactive source,
secondary absorption effects, and interference from alpha and gamma
radiation. Their electroscope, a well-made brass design with aluminum leaves,
was clamped in place with screw adjustments for varying the distance
between source and instrument; the absorbing material consisted of thin
aluminum foils—as many as fifty—layered over the source and held

down with a metal ring. With one exception, each pure substance exhibited
exponential absorption; mixtures did not. The lone exception was

mesothorium 2 (228 Ac), whose nonexponential absorption Meitner and Hahn
attributed to the presence of a yet-undiscovered substance; attempts to
separate it chemically were unsuccessful. In April 1908 they submitted their
results to the Physikalische Zeitschrift, a twelve-page article, Hahn noted, in a
journal with unusually large page size. "Evidently we were very diligent in
those days."[27]

Hahn and Meitner next turned to the active deposit of actinium, known to
contain one beta emitter, actinium A, and its daughter, actinium B, thought to
emit both alpha and beta particles. The beta radiation deviated considerably
from exponential absorption,[?8] so that Meitner and Hahn suspected the
presence of another beta emitter; to find and characterize it, they chemically
separated actinium B, measured alpha and beta decay simultaneously, and
established that actinium B is an alpha emitter only, decaying to a new beta

emitter they called actinium C. (AcA was later revised to AcB [211 Pb], AcB to

AcC [ Bi], and AcC to AcC" [2°7 TI]).[29]

The actinium work was completed in August 1908, just before the institute
closed for the four-week summer vacation. In ten months Meitner and Hahn
had accomplished far more together than either could have done alone, in
part by sharing the tedious physical measurements, more fundamentally
because radioactivity was by nature interdisciplinary, requiring the chemical
separations that were Hahn's forte as well as Meitner's physical
measurements and the mathematical and graphic skills she brought to the
analysis of their data. In a field characterized by a profusion of strange new
species and unexplained effects, their collaboration also benefited from their
differences in scientific temperament: Hahn's patience and thoroughness
inspired confidence that no detail was overlooked, whereas Meitner looked for
bold generalizations that were essential for finding a way through the chaos.
This was true in their first year's work together, and even though their
assumption of uniform beta energies and exponential absorption would soon
be proven incorrect, it provided a strategy for systematically exploring a large
number of radioactive substances and even discovering a new one. When Lise
went home to Vienna in August, she asked her parents to extend her
allowance for another year.

In Vienna, Lise also attended to another matter. On 29 September 1908,
she formally withdrew from the Jewish community in which her name had

— 32 —
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been registered at birth, and was baptized at the Evangelical (Protestant)
Congregation. There is no record of why Lise took that step just then; she
may have been prompted by the baptism of her sisters Carola (Lola) and
Gisela, both as Catholics, earlier that year. Although she also never explicitly
stated why she chose to be Protestant, she maintained a genuine interest in
the ethical teachings of the religion all her life.[30] It may well be that her year
in Berlin had something to do with it, especially her admiration for Planck,
whose character and behavior exemplified the German Protestant ideal of
"excellent, reliable, incorruptible, idealistic and generous men, devoted to the
service of Church and State."[31] One can almost certainly rule out
opportunism as a motive for Lise's conversion; professionally she was so
thoroughly excluded for reasons of gender that religion played no essential
role. And in Berlin, as in Vienna, everyone knew who was "really" Christian
anyway.

That fall Hahn and Meitner turned a small discrepancy into an important
new method for isolating individual radioactive species with exceptional
purity. A number of scientists, including Stefan Meyer, had found minute

amounts of what appeared to be actinium X (223 Ra) in the active deposit of
actinium. This was puzzling, since actinium X decays to actinium emanation, a
gas that escapes and then decays to form the active deposit some distance
from its parent; no one could imagine how actinium X, a solid incapable of
evaporation, could be transported to the active deposit:

AcK [PPRa] — AcEm [P"Rn} — Ac active deposit

Toward the end of 1908, Hahn discovered that the effect did not occur
unless radioactinium (227 Th), the parent of actinium X, was also present; this
enabled him to explain the puzzle. When a radioactinium atom (227 Th) expels
an alpha particle, he realized, it does so with such force that its daughter

atom, actinium X (223 Ra), recoils, sometimes with enough energy to free
itself from the solid and travel to a nearby surface some distance away:

2Th = “*Ra + «

The phenomenon, no different in principle from the recoil of a rifle firing a
bullet, has come to be known as radioactive recoil.

Hahn hastened to prepare his results for publication; preoccupied with
actinium, he did not speculate on other systems. When Meitner read his

manuscript, however, she immediately proposed that the recoil he had
observed from fairly thick layers of actinium should occur far more readily
from the extremely thin layers formed by active deposits.[32] Together they
tested the active deposit of thorium and at once discovered a new radioactive

substance, the beta emitter thorium D (now ThC" [2°8 TI]), which they could
show was ejected from the active deposit by the alpha recoil of its parent, ThB

(now ThC [?12 Bi]):
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The 208 1] they obtained was exceptionally pure, so that they could
determine its half-life of three minutes with unusually high precision for such
a short period. In the radium active deposit they searched for evidence of
beta recoil—expected to be much weaker—and indeed found minuscule

amounts of radium C (214 Bi) that could only have come from the beta recoil
of radium B (214 Pb). Finally they turned to the actinium active deposit, and
from the alpha recoil of actinium B (now AcC [211 Bi]) they collected a pure

sample and verified the half-life of actinium C (now AcC" [207 TI]), the species
they had discovered a few months before.

The recoil method was so clean that their experiments were completed in
a few days; in their report they emphasized "the great advantage of this
physical separation method over chemical separations, not only with respect
to purity but also the quantity of the preparations obtained."[33]1 Recoil
continued to be a powerful method for separating and purifying radioactive
substances; more than twenty years later Leo Szilard and T. A. Chalmers
would use the recoil from hard gamma emission to separate radioisotopes
produced by neutron irradiation.

In December 1908 Ernest Rutherford was awarded the Nobel Prize in
chemistry; on their return from Stockholm to Manchester (where he had
moved from Montreal in 1907), he and his wife visited Berlin for the first time.
When he was introduced to Lise, he exclaimed in astonishment, "Oh, |
thought you were a man!" (even though her first name was on every
publication).[34] The visit was festive, Rutherford much amused about his
sudden "transformation,”™ as he called it, from physicist to chemist. He twitted
Otto Hahn and later another "brother chemist," Bertram Bolt-wood of Yale, "I
was very startled at my transformation at first but afterwards saw that it was
quite in accord with the disintegration theory."[3%] While Rutherford and Hahn
had long talks, Lise accompanied Mrs. Ru-

— 34 —
therford, who spoke no German, on her Christmas shopping trips.[38! Lise
could not have been pleased to be out shopping while the men talked shop.

Hahn made arrangements for a grand reception for his former professor,
including visits to the physics and chemistry institutes and dinners and
seminars in his honor.[371 At a meeting of the Deutsche Physikalische
Gesellschaft, Hahn reported on the recoil of actinium X. Rutherford was most
interested and, to Hahn's discomfort, told him that the effect had been
described some years before in his laboratory in Montreal, when his student
Harriet Brooks had observed what appeared to be "evaporation™ of radium B
from the radium active deposit. Noting that the effect occurred only when the

active deposit was fresh and radium A (218 Po) was present, Rutherford

attributed it to the recoil of radium B (214 Pb) from the alpha decay of radium
A; he had, moreover, discussed recoil in several articles and in his 1904
textbook on radioactivity and its 1905 revision, which had been translated
into German.[38]
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Hahn countered, rather stiffly, that he had proved it was not evaporation
but recoil by showing that radioactinium was required, and in any case he had
done so with actinium, not radium. For all his charm, Hahn could be prickly
about priorities, an expression, perhaps, of the insecurity felt by a chemist in
a field dominated by physicists. In his memaoirs fifty years later he was still
defensive, insisting that Rutherford's "unexplained residual activities cannot
be explained by radioactive recoil. The experimental proof of its existence was
first furnished in the wood shop in Berlin."[3°1 Hahn's proof may have been
more convincing, but one wonders why it was so difficult for him to
acknowledge that his mind had been prepared for recoil by the concept
Rutherford had explicitly and repeatedly proposed.

In the end there were no hard feelings.[#°1 Rutherford commiserated with
Hahn over his lack of academic advancement and returned to Manchester
enthusiastic about his reception in Berlin. Of Hahn's colleague he wrote, "Lise
Mitner [sic ] is a young lady but not beautiful so I judge Hahn will not fall a
victim to the radioactive charms of the lady."[4]

In fact, it was true that Lise and Otto were colleagues and friends, nothing
more. They took care to avoid the slightest appearance of impropriety, a
necessity for a young woman and man who spent each day alone together in
a single room. As Hahn described it,

There was no question of any closer relationship between us outside of the laboratory. Lise
Meitner had had a strict ladylike upbringing and was very

reserved, even shy. ... [FJor many years | never had a meal with Lise Meitner except on
official occasions. Nor did we ever go for a walk together [a "walk together" being one of
the very few socially acceptable ways for an unmarried couple to spend some time alone].
Apart from the physics colloquia that we attended, we met only in the carpenter's shop.
There we generally worked until nearly eight in the evening, so that one or the other of us
would have to go out to buy salami or cheese before the shops shut at that hour. We never
ate our cold supper together there. Lise Meitner went home alone, and so did I. And yet we
were really very close friends.[42]

Warmhearted by nature, with a capacity for making and keeping good
friends, Lise may at some time have wanted a closer relationship with Otto, or
perhaps with one or another of the many young men she met. But there is no
record of it, not even a hint, nor is there any indication that she regretted not
having children of her own. She took a lively interest in the children and later
the grandchildren of her relatives and friends and was always especially close
to her nephew Otto Robert Frisch, "a darling little fellow[,] ... exceptionally
observant,"[43] who grew up to be a nuclear physicist, devoted to his Tante
Lise. Many years later one of James Franck's daughters, Dagmar von Hippel,
asked Lise why she never married, since she was "so beautiful” and there
were so many young men around. "But Daggie, dear, | just never had time
for it!" Lise exclaimed.[#4] If she ever had the desire, she must have buried it
early on.

Lise and Otto enjoyed each other's company, buoyed by the immediate
success of their collaboration. With his relaxed Frankfurt accent and easy
good humor, Otto helped Lise overcome her reserve. And her connections
with the physicists meant that he was included in a congenial group that
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looked after each other and became good friends.

Radioactivity and atomic physics were then developing incredibly quickly; nearly every
month brought a wonderful surprising new result from one of the laboratories working in
these fields. When our work was going well we sang duets, mostly Brahms Lieder , which |
could only hum, while Hahn had a very good singing voice. ... If he was in an especially
good mood he would whistle large sections of the Beethoven violin concerto, sometimes
purposely changing the rhythm of the last movement just so he could laugh at my protests.
... Both personally and scientifically we had a very good relationship with the young
colleagues in the nearby physics institute. They often came to visit us, and sometimes they
would climb in through the window of the wood shop instead of taking the usual way. In
short, we were young, contented and carefree, perhaps politically too carefree.[45]

Disinterest in, even aversion to politics was traditional among German
academics; they disdained its subjectivity and lack of consensus and certainly
recognized that their own careers were best enhanced by joining the
establishment, not changing it.[4€]l Although Lise grew up with the democratic
ideals of Liberal Vienna, she took little interest in German issues, not even the
struggle for equity in women's education and suffrage that was important at
the time. Being a foreigner may have been part of it. And the physics was all-
absorbing.

Each semester Lise extended her stay in Berlin. Her parents continued her
small allowance. To supplement it, she occasionally translated scientific
articles from English into German!47] and wrote quite regularly for the popular
scientific periodical Naturwissenschaftliche Rundschau under the name "L.
Meitner." Other such assignments were hard to come by. The editor of the
Brockhaus encyclopedia, impressed by the Rundschau articles, decided to ask
the "Herr Doktor" for an article on radioactivity for the encyclopedia and wrote
to the Rundschau editor for "his" address. When the Brockhaus editor learned
that L. Meitner was a "Fraulein Doktor,” he replied with some heat that he
"would not think of printing an article written by a woman!"[48l

Lise lived frugally, renting single rooms from a succession of landladies,
never with private bath, occasionally with a piano she could use, or a
telephone. She carefully listed her clothing—"7 blouses, 20 pair stockings, 4
underskirts ..."—and accounted for every penny she spent. By eating very
little she had enough for cigarettes, a daily newspaper, and concerts,[“°]
where she could be found high up in the cheapest seats—the section students
called "Olympus"—often following the music with a full score.[50]

Not long after coming to Berlin, Lise met another young person on the city
train, where their paths regularly joined on their way to the university. This
was Elisabeth Schiemann, three years younger than Lise, who was studying
botany in the Agricultural Institute (Landwirtschaftliche Hochschule). They
quickly became close friends. Lise introduced Elisabeth to her circle of
physicists, and Elisabeth's family, including her sister Gertrud, embraced Lise,
who "came and went in [her] parents’ house like a sister and was not
permitted to miss a single family celebration."[51] On Sundays they often took
excursions into the countryside around Berlin, so that Lise, who knew and
loved the Austrian mountains, learned to appreciate the less spectacular
beauty of the Mark Brandenburg. Their most ambitious Wan-
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derung took place in the summer of 1913, when they made their way on foot
and by train from Munich to Vienna, hiking with rucksacks through mountain
meadows from hut to hut, climbing the Zugspitze, highest in the Bavarian
Alps, passing through Salzburg, and arriving at last in Vienna for the annual
meeting of the Society of German Scientists and Physicians (Gesellschaft
Deutscher Naturforscher und Arzte), which inaugurated the university's fine
new Physics Institute on Boltzmanngasse.[52] It was on this trip, after years of
friendship, that they first addressed each other with the familiar "Du," an
occasion for celebration, toasts, and annual remembrances.[>3] It would be
another ten years before Lise and Otto Hahn would do the same.

With James Franck, such barriers did not exist. From nearly the first day
they met in 1907, Lise said, "we both knew that we spoke the same
language." After Franck married Ingrid Josephson in 1911, he would bring
Lise home with him after the Wednesday physics colloquia; Ingrid, an
accomplished pianist, would play the Brahms Lieder Lise loved, or Franck
would accompany her on the violin. Friends for over fifty years, they never
once disappointed each other.[54] "I've fallen in love with you," Franck teased
when they were both in their eighties. "Spat! (Late!)" Lise laughed.[55]

Of all the people in Lise's circle in Berlin, the one she admired with near-
reverence was Max Planck, the second great theoretical physicist whose
extraordinary human qualities she came to know. Where Lise had been swept
along by Boltzmann's exuberance, she loved and trusted Planck for his depth
of character.

He had an unusually pure disposition and inner rectitude, which corresponded to his outer
simplicity and lack of pretension. ... Again and again | saw with admiration that he never
did or avoided doing something that might have been useful or damaging to himself. When
he perceived something to be right he carried it out, without regard for his own person.[56]

His "inner rectitude"” was tempered by kindness. What Planck once said of
his friend, the great violinist Josef Joachim, Meitner applied to him: "'[He] was
such a wonderful person, that when he entered a room, the air in the room
got better.”™ She added, "The younger generation of Berlin physicists ... felt
this very strongly."[57]

Planck believed physics to be inseparable from ethical values, because
nothing less than complete honesty suffices to understand external reality;

Lise attributed his tolerance for ideas quite foreign to him, his sympathy for
others, and his concern for justice to just this respect for reality. Despite a
twenty-year difference in age and an immeasurable difference in status, they
became "true friends," a steady influence in each other’s lives for forty years.

(58I pjanck lived in Grunewald, an attractive new suburb at the edge of the
pine forest west of Berlin, in a villa, a big house with a large garden. Lise
described the times she and her colleagues spent there:

Planck loved happy, unaffected company, and his home was a focus for such social
gatherings. The more advanced students and physics assistants were regularly invited to
[his home on] Wangenheimstrasse. If the invitations fell during the summer semester, we
played tag in the garden, in which Planck participated with almost childish ambition and
great agility. It was almost impossible not to be caught by him. And it was obvious how
satisfied he was when he had caught someone.[5°]
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As a young man, Planck had contemplated a career in music but
recognized that some of his compositions sounded too much like music
already known.[69] He was a pianist of great technical ability; away from the
university, his life centered on music. Family and friends would gather for
regular evenings of chamber music, Planck accompanying Josef Joachim or
playing in a trio with Einstein. Or he might direct a choral work of Haydn or
Brahms, with Otto Hahn a frequent soloist and a chorus of friends and
neighbors that included Elisabeth and Gertrud Schiemann. Lise did not
perform, but she was always in the audience.[®1] She became good friends
with Planck's twin daughters, Emma and Grete, who inherited his gift for
music; she fit into the Planck family as one of the younger generation. There
the relationship stood for several years.

Lise continued to visit her family several times a year, always for
Christmas and usually for the Easter and summer holidays. There in Vienna,
in her parents' home, a sense of belonging came over her that she felt
nowhere else. "Surely wherever else | may be | shall always have to
overcome a certain feeling of being a stranger," she reflected. "Nevertheless |
know very well that leaving home was in certain respects a salvation for me—
if I had stayed here | would, at least inwardly, have been destroyed."[62]

Lise never lost her nostalgia for Vienna, but the things that mattered most
to her were in Berlin. Successful in her collaboration with Hahn, secure in her
circle of good friends, her reticence gradually receded. With

great trepidation, but with Otto's encouragement and prodding, she began
giving talks, first to the German Physical Society and then, even more
daunting, at the conference of German Scientists and Physicians that met in
Salzburg in September 1909.[63] Later she would recall the conference
primarily for her first meeting with Albert Einstein, to whom she was
introduced by Anton Lampa, her former laboratory instructor from Vienna.[64]
Einstein was thirty, a few months younger than she, and already a
phenomenon. In his Salzburg lecture he made the revolutionary argument for
a theory of light that would treat light as both particle and wave. Like most in
the audience, including Planck, Lise was not ready for it; instead she was
transfixed by Einstein's brief overview of the special theory of relativity and
his derivation of the equivalence of mass and energy. Until then she had not
heard of it (although Einstein had published it in 1905), and it was "so
overwhelmingly new and surprising” that she remembered that moment all
her life.[65]

Four years later Planck succeeded in bringing Einstein to Berlin, where he
and his violin were soon a fixture for the evenings of chamber music in
Planck's home. In this most revolutionary period in physics, there seemed no
better place to be a physicist. Later Lise would describe the physics she
experienced and the people who were part of it as a "magic musical
accompaniment" to her life.[66]

But apart from the day-to-day absorption with work and friends, Lise's life
was undefined. It was not so much that her living conditions were poor, or
that she was still dependent on her parents; Otto too, in lieu of academic
advancement, was still on an allowance (albeit considerably more generous
than hers).[67]1 Far more troubling was her lack of position, the fact that she fit
in nowhere, a permanent double exception: a woman who was a scientist, a
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scientist who was female. Physics was a personal need, a private
indulgence; her pleasure in it was tinged with guilt. Shortly after the death of
her father in 1910, she wrote to a friend,

Sometimes | lack courage, and then my life, with its great insecurity, the constantly
repeated worries, the feeling of being an exception, the absolute aloneness, seems almost
unbearable to me. And what distresses me most is the frightful egotism of my current way
of life. Everything | do benefits only me, my ambition and my pleasure in scientific work. It
seems | have chosen a path which flies in the face of my most deeply held principle, that
everyone should be there for others. By that | don't mean one must sacrifice oneself

— 40 —

for no reason, but that somehow our lives should be connected with others, should be
necessary for others. I, however, am free as a bird, because | am of use to no one.
Perhaps that is the worst loneliness of all.[68]

Although Lise added that she was usually far too busy for such negative
thoughts, it is clear that physics alone was not enough: she needed a
measure of acceptance, some sense of future. She did not dwell on it and
immersed herself in work.

In her first years of collaboration with Otto Hahn, they published often—
three major articles in 1908, six more in 1909—studied every known beta
source, identified several new activities, and used radioactive recoil as a
powerful separation technique for discovering more. They devoted much of

1909 to radium and its active deposit. Using the beta recoil of radium B (214

Pb), they collected a sample of radium C (214 Bi) pure enough to detect a
slight variation in its rate of decay; this and the fact that its beta radiation
was not exponentially absorbed led them to propose that radium C was

followed by another beta emitter (radium C", 210 TI) with a half-life of 1 to 2.5
minutes. They also confirmed the presence of a penetrating alpha radiation,

which they attributed to a very short-lived new activity (radium C', 214 Po),
also following radium C.[8°] This completed their study of all three active
deposits; in each, the nonexponential absorption of beta radiation had led
them to new activities. Confident in their experimental technique, they were
also quite convinced that their favorite hypotheses were true. "Pure
substances emit uniform b -radiation, which is exponentially absorbed," they
would write, often more than once, in every article. "Complex b -radiations
correspond to a mixture of substances."

The assumption was simple, useful, and nicely resonant with chemical
behavior: just as a pure chemical compound displays invariant chemical and
physical properties, it seemed natural to suppose that a single radioactive
source would emit radiation with uniform energy. Now Hahn and Meitner
pressed the analogy one step further. Others had left open the possibility that
a given source might emit both alpha and beta radiation, but in their work
with the active deposits, they had not found this to be so.[7%] "Each individual
substance," they asserted confidently, "emits only one sort of homogeneous
radiation, either alpha or beta radiation."[71]

They first applied their new premise to radium itself. In the course of their
work with radium C, Meitner and Hahn had prepared an unusually pure

sample of the element and found that radium (226 Ra), an alpha
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emitter, also emits a very weak beta radiation. They concluded that radium
must contain another substance, which they denoted radium X. Although they
cautioned that there had never been any indication that radium was complex,
they were quite sure they were right.[72]

For months they tried to separate their "radium X" from radium but were
unable to do so, either by chemical separations or by recoil. "Nevertheless we
are convinced of the existence of radium X, but we cannot at the moment see
any way to separate it," they reported wearily.[73] A year earlier they had
found a similar weak beta radiation associated with radioactinium, another
alpha emitter.[74] Soon they discovered weak beta radiation associated with
still another alpha emitter, thorium X.[75] In each case they proposed a new
substance they were unable to find. Although they drew some comfort from
the fact that the effect appeared in all three radioactive series, it seemed that
their means of detecting weak beta radiation had outstripped their ability to
determine the source.

But this was not their only challenge. In mid-1909, William Wilson
reported from Rutherford's laboratory in Manchester that the beta radiation
from several pure beta emitters appeared inhomogeneous; when he created a
homogeneous beam by deflection in a magnetic field, he found the beam was
linearly, not exponentially, absorbed.[7] In response, Hahn and Meitner
pointed out ambiguities in Wilson's experiment and suggested that it actually
supported their own hypothesis.[”71 Wilson did not agree.[78]

To resolve the conflict, Meitner and Hahn designed their own experiment
with magnetically deflected beams of beta particles. When a moving charged
particle traverses a magnetic field, its path is bent from a straight line into a
curve; lower-energy, slower-moving particles are deflected more than faster-
moving, higher-energy particles. The magnetic field, in effect, separates
moving charged particles, in this case, electrons, by energy; beta particles of
the same energy will be deflected equally and be found at the same position.
To measure the position of the deflected beta particles, Wilson used an
electroscope; Hahn and Meitner decided that a photographic plate would more
clearly distinguish between the continuous spectrum of inhomogeneous beta
radiation and the discontinuous spectrum they expected for radiation of
uniform energy.

As there were no magnets in the Chemistry Institute, we carried out these experiments
with Otto von Baeyer in the Physics Institute. Hahn and | attempted to precipitate in as
radioactively pure a condition as possible the

substances whose beta radiation we wished to investigate in the thinnest possible layers on
very short lengths of very thin wire. The precipitation did not always work. We simply had
to try, and, if our efforts were successful, we raced out of the Chemistry Institute as if shot
from a gun, up the road to the Physics Institute a kilometer away, to examine the
specimens in von Baeyer's very simple beta spectrometer.[79]

For very short half-lives, they arranged for a car to rush them from the
Chemistry Institute on Hessische Strasse to the Physics Institute on the
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Reichstagsufer.[8°]

For their first experiment they selected the active deposit of thorium. It
had the advantage that it contained only two beta emitters, thorium A and

thorium D (now ThB [212 Pb] and ThC" [208 TI]), whose energy they
expected—if their absorption studies were at all meaningful—to be quite
different. They immediately obtained the first magnetic line spectrum of beta
radiation, which showed, just as expected, two strong lines.[81] A few weak
lines appeared as well, which they attributed to secondary effects. The
spectrum of pure radium E showed the expected single line, while
mesothorium 2, whose beta radiation was not absorbed exponentially, had
several lines in its spectrum. As an indication of the sensitivity of the
photographic method, they easily recognized a strongly deflected line from
thorium X, whose beta radiation was so easily absorbed that it had been
detected electroscopically only with great difficulty,[82] and a similar line for
"radiationless” radium D whose radiation had never been detected
electroscopically at all.[83] The spectra were all discontinuous.

To improve the resolution of the line spectra, the three scientists used
stronger magnetic fields and changed the position of the photographic plate.
Suddenly Hahn and Meitner's hypothesis was in danger. The new photographs
made it obvious that the high energy lines were not at all well defined but
quite diffuse; the extra lines in the spectrum of the thorium active deposit
were stronger and more difficult to explain.[84 The line spectrum of radium
active deposit showed nine lines, of which five originated from a single source,
radium B. Radium itself, an alpha emitter, had a beta spectrum of two lines.
[85] Always they found more than one line from a given source; Hahn and
Meitner were forced to concede that their hypothesis of homogeneous beta
radiation was definitely wrong. Although they still thought that the
exponential absorption they had observed for so many pure substances could
be of use as an analytical method, they ad-

mitted that it "could not be a criterion for the homogeneity of the radiation, as

Hahn and Meitner, in contrast to other scientists"—here they referred to
Wilson—"have assumed."[86]

Together with von Baeyer, Meitner and Hahn continued to determine the
line spectra of a number of other substances,[87] but in the absence of a
unifying hypothesis their work consisted primarily of collecting data, much as
scientists had done with optical spectra for many years. In fact, beta decay
would prove far more complex, difficult, and, in the end, revealing than
anyone first imagined: it would yield profound insights into the atomic
nucleus. In this Lise Meitner would play a significant part, but it would take
some fifteen years from the first photographic record of magnetically
deflected beta particles. In 1911, the year Meitner and Hahn abandoned their
simple hypotheses, no other ordering principle was evident: not from
radioactivity, burdened with unexplained data; not from chemistry, its
periodic table threatened by the profusion of radioactive species; not from
physics itself, struggling to integrate the new discoveries.

Hahn and Meitner's adherence to simplicity had in fact held them back.
Others had recognized the phenomenon of branching, in which one type of
atom decays sometimes by alpha emission and sometimes by beta emission
to yield two different daughters, a violation of any notion of atomic

ifile://F:\downl oad\hyotyohjel mat\meitner\L ise M eitner.htm 20.7.2006

___________________________________


file://F:downloadhyotyohjelmatmeitnerLise

Lise Meitner Page 38 of 443

consistency. Meitner worked to catch up, with Hahn on beta radiation in
the thorium active deposit,[88] with James Franck on gas-phase radioactive
ions,[8°] by herself on electrochemical classification schemes[®®l and the
difficult question of branching in the thorium decay sequence.[®1]l Her report
on branching was submitted to Physikalische Zeitschrift on 17 June 1912, the
last publication to emerge from the wood shop of the Chemistry Institute.
After nearly five years, she and Otto Hahn were preparing to move on.

That summer the Kaiser-Wilhelm-Institut fur Chemie was under
construction on the flat farmland southwest of central Berlin. More than a new
institute, it represented a new avenue for German science: academic
research, privately supported, protected but not directly regulated by the
state. The need arose from the rapid expansion of the sciences and the
concern, expressed by scientists for some time, over the inability of
universities to quickly incorporate important new fields of research.
Radioactivity was one such field: in 1906 Otto Hahn just barely found a place
in Emil Fischer's institute and was never subsequently offered a university

position.[®21 Many young German scientists were seeking better opportunities
abroad; others were going into industry.

Beginning in 1905 a committee of prominent university and industrial
chemists proposed the establishment of a Chemische Reichsanstalt, an
independent research institute, analogous to the existing Physikalisch-
Technische-Reichsanstalt, to be jointly endowed and administered by
government and industry. Despite the amicable relationship between the two
sectors, the negotiations for such a partnership proved so difficult that
nothing came of it until 1911, when the state stepped in as financial
guarantor through the Kaiser-Wilhelm-Gesellschaft zur Férderung der
Wissenschaften (KWG; Kaiser Wilhelm Society for the Advancement of the
Sciences). The Kaiser himself assumed the title of "Protector,” persuaded by
his close adviser on education, the theologian Adolf von Harnack, who argued
that "military might and science are the two strong pillars of the greatness of
Germany." Plans were made for the Kaiser-Wilhelm-Institut (KWI) far Chemie
and a second institute, the KWI fur Physikalische Chemie und Electrochemie,
to open in 1912; others were to follow. The Kaiser donated crown lands for
the institute sites and the suburb of Berlin-Dahlem that would develop around
them.[93]

The KWI for Physical Chemistry and Electrochemistry was entirely
underwritten by Leopold Koppel, an extraordinarily wealthy financier and
chairman of the board of the Auergesellschaft, a Berlin firm with a strong
interest in physical chemistry research. Koppel's designation for institute
director was the physical chemist Fritz Haber, who had discovered the process
for synthesizing ammonia from nitrogen and hydrogen and, with Carl Bosch,
had made it industrially feasible. With its close ties to a single firm and
Haber's practical expertise, the KWI for Physical Chemistry started out with a
pronounced orientation toward industrial research.[94]

The KWI for Chemistry took a more academic turn, financed by a
consortium of chemical industries but administered by its own parent
organization, the Verein Chemische Reichsanstalt, chaired by Emil Fischer,
whose leadership in shaping the chemistry institutes and the Kaiser Wilhelm
Society made him virtually the "president of German science.”" The institute's
first director was the distinguished physical-inorganic chemist Ernst

ifile://F:\downl oad\hyotyohjel mat\meitner\L ise M eitner.htm 20.7.2006

___________________________________


file://F:downloadhyotyohjelmatmeitnerLise

Lise Meitner Page 39 of 443

Beckmann; the associate director was Richard Willstatter, an organic
chemist famous for his studies of chlorophyll and other plant pigments.[95] By
that time Fischer was convinced of the importance of

radioactivity, and apparently at his request Otto Hahn was offered a junior
position as scientific associate (wissenschaftliches Mitglied ) in the new
institute, with responsibility for a modest radioactivity section, the first such
laboratory in Germany.[®%] With it came the title of Professor and the very
decent annual salary of 5,000 marks.[97] Lise Meitner was welcome too—as an
unpaid "guest."

She had worked with Hahn for nearly five years, published more than
twenty articles, and established her reputation as a scientist comparable to
him and as a physicist, independent of him. Still she had no position, no
income, and, it now appeared, no prospects. And no other place to go.

Years later, when Lise was in her seventies and many awards came her
way, she always insisted that young people needed them more.

I know very well that especially in one's developing years, one urgently needs the
encouragement of external recognition, to know that one's chosen path is not a wrong one.
I myself greatly needed such encouragement, and to this day I am filled with gratitude that
I received it from all of you [in Berlin] in many different ways.[98]

Lise finally saw the first glimmer of external recognition just as she and
Hahn were moving into the new institute in Dahlem. Late in 1912, Max Planck
appointed her his Assistent—the first woman Assistent in Prussia, the first
rung on the academic ladder, her first paid position. She graded his students’
papers.[9°]

Why Planck appointed her just then is not known. Most likely the move to
the new KWI for Chemistry emphasized the inequity of Meitner's status;
perhaps, with the death of her father in 1910, Planck was concerned that
financial difficulties would force her to return to Vienna. In any event, Meitner
always thought of her assistantship with Planck as a decisive turning point.
Fischer, who had followed Lise's work with kindly interest, took notice: within
a year she too would be a "scientific associate" in the institute, her position
the same as Hahn's, the radioactivity section theirs.[100]

It made all the difference. "I love physics with all my heart,"” she wrote to
Elisabeth Schiemann. "l can hardly imagine it not being part of my life. It is a
kind of personal love, as one has for a person to whom one is grateful for
many things. And I, who tends to suffer from a guilty conscience, am a
physicist without the slightest guilty conscience."[1°1] She knew her chosen
path was the right one after all.

— 46 —

Chapter Three
The First World War
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At night | feel slightly homesick for physics, but during the day | think only of the patients.

The Kaiser Wilhelm Institutes were inaugurated on 23 October 1912, a cold,
wet day of considerable ceremony. The dignitaries came to the Chemistry
Institute in special trains and carriages; His Excellency Emil Fischer spoke, the
architect was praised, Kaiser Wilhelm Il urged the assembled scientists to
devise a fire-damp detector (which the two institute directors, Ernst
Beckmann and Fritz Haber, soon did). During a tour of the building, the Kaiser
glanced at Richard Willstatter's chlorophyll crystals through a microscope and
viewed Hahn and Meitner's mesothorium glowing in the darkroom. At the
Physical Chemistry Institute there was more, and finally all were invited to the
palace in Potsdam for a forty-five-minute royal tea, the men in frock coats as
instructed, the wives in high-necked dresses and hats, also as instructed. In
his memoirs Otto Hahn always savored that day. Lise Meither never
mentioned it.[1]

Those who first planned Dahlem and its institutes envisioned a leafy
intellectual retreat, a German Oxford. In 1912 it was all very new: two
handsome institutes side by side on open fields, trees no bigger than sticks,
freshly paved streets numbered but still unnamed. To the south stretched a
broad plain dotted with picturesque windmills; to the west, the Grunewald
forest. The Berlin subway did not yet extend to Dahlem—one took the
Potsdam train and got off at Lichterfelde-West—and there was not a
restaurant or shop in sight. The few professors whose villas were finished
shared their gardens with rabbits and partridges.[?]

The streets soon acquired names: Van't Hoff, Hittorf, Boltzmann, Landolt,
Faraday Way, which Willstatter selected as his home address; the

Chemistry Institute faced Thielallee. For his studies of plant pigments,
Willstatter planted fields of tulips, chrysanthemums, and dahlias near the two
institutes, a gorgeous sight each summer until the war. He was awarded the
1915 Nobel Prize in chemistry for his chlorophyll work—a welcome first for the
Kaiser Wilhelm Institutes—and soon after accepted a call to Munich; the
inorganic chemist Alfred Stock took his place.[3]

Otto Hahn's new position and salary provided the security he needed to
consider marriage. A year earlier he had met Edith Junghans, a pretty art
student from a good family; shortly before the institute opened in 1912, he
showed her around, and afterward, on their walk together in the Grunewald,
they became engaged. They were married the following March.[*l Lise and her
brother Fritz sent a telegram from Vienna:

Outside the ramparts of science

In life some new things are found

We wish long life and high activity

To you both in your new compound.t®]

The year 1913 was good to Lise Meitner as well. Late that year she was
made a Mitglied (associate) of the institute, the same position as Hahn's, and
although her salary was still considerably less, the radioactivity section was
now officially theirs: the Laboratorium Hahn-Meitner.[6]1 How this came about

ifile://F:\downl oad\hyotyohjel mat\meitner\L ise M eitner.htm 20.7.2006

___________________________________


file://F:downloadhyotyohjelmatmeitnerLise

Lise Meitner Page 41 of 443

is not entirely clear, but it is evident that Emil Fischer took a special
interest in the young woman he had once barred from all but the basement of
his chemistry institute. This called for celebration, and Lise had a big one, a
splendid dinner party with friends in the elegant Hotel Adlon on Unter den
Linden.[7]

For the first time, finances were not quite so tight. The mesothorium Hahn
discovered in 1906 emitted gamma radiation sufficiently strong to be useful
as a radium substitute ("German radium™) in medical therapy. In Fischer's
institute Lise had helped Otto purify several hundred milligrams of
mesothorium, which Kndéfler, a Berlin firm specializing in thorium products,
eventually developed into a profitable process. In 1913, Otto suddenly
received a few thousand marks, then 66,000 marks in 1914 (6,600 of which
he gave to Lise), and again 40,000 in 1915, more money than either ever had
before. Hahn called it a "blessing” (Segen ), and like many other good things,
it ended during the war.[8]

Professionally, Meitner's and Hahn's greatest good fortune was the
cleanliness and space of their fine new laboratories. Their section consisted

of four rooms in the north wing of the institute's ground floor; Willstatter and
a dozen co-workers occupied the entire first floor, Beckmann and his co-
workers the second. The library, colloguium rooms, darkroom, and basement
cold rooms were shared. To prevent radioactive contamination, Hahn
arranged to store and handle their strongest preparations in the old wood
shop in Fischer's institute; years later a small "radium house" was built for the
purpose on the grounds of the KWI for Chemistry.[®]

In the wood shop the background radiation from radioactive gases, spills,
and dust had made it impossible to investigate weak activities. Meitner and
Hahn devised rigorous measures to keep their new quarters free of such
contamination. Chemical experiments and physical measurements were
confined to separate rooms; people handling radioactive substances were
required to follow uniform procedures, shield everything they touched—a rool
of toilet paper hung next to the telephones and every door handle—and sit
only on specially marked yellow chairs. No one ever shook hands in greeting,
a suspension of the usual rules of German etiquette. Later, when they each
had their own section and their research occupied most of the building, Hahn
and Meitner systematically trained and tested every student, assistant, and
visiting scientist who came to work with them. Throughout the institute
Meitner was known for being especially strict and for insisting that strong
activities be kept out of her physics section on the ground floor. Her
precautions were effective: twenty-five years later her section could still be
used for studying very weak activities.[1°]

In their spacious new laboratories Lise and Otto embarked on an intriguing
project, made difficult by its complexity and the absence of strong
radioactivity: the search for the immediate precursor—the "mother
substance"—of the element actinium. Extremely scarce, actinium was by far
the least well understood of the radioactive elements: its atomic weight was
unknown, its chemistry uncertain, its half-life, estimated at twenty-five years,
still in dispute.[11] Actinium, a beta emitter, was known to head a decay series
distinct from the uranium-radium decay series, but it appeared that actinium
was itself descended from uranium: it was always—and only—found in
uranium-bearing minerals, always in amounts proportional to the uranium

ifile://F:\downl oad\hyotyohjel mat\meitner\L ise M eitner.htm 20.7.2006

___________________________________


file://F:downloadhyotyohjelmatmeitnerLise

Lise Meitner Page 42 of 443

present. With its relatively short half-life, actinium evidently required
constant replenishment to prevent its complete disappearance, yet the link
between uranium and actinium was a mystery: pure uranium had never been
found to generate actinium, even though actinium was not

— 49 —
especially difficult to detect. It was assumed that uranium and actinium were
separated by a long-lived intermediate.[12] The problem, as Meitner and Hahn
saw it, was "to find that substance which ... forms the starting point for the
actinium series, and to determine whether and through which intermediates
actinium is derived."[13l

The search was made possible by fundamental new principles that had
begun to clarify the entire field of radioactivity. For years people had
struggled with a growing burden of seemingly disparate data: they had
studied the three decay series and identified some thirty radioactive species,
observed occasional patterns in genetic sequences and a few regularities in
alpha and beta decay, and learned the chemistry of some species well enough
to place them in the periodic table. There was always more that was uncertain
than sure: the decay series were incomplete, the chemistry often
questionable; some species, including uranium, decayed so slowly they were
falsely considered "radiationless," others so fast it was difficult to purify them
and impossible to learn their chemistry; there was no explanation for the
growing list of radioactive species that seemed chemically identical—
radiothorium with thorium, radium B and actinium B with lead, among others;
no one knew how many elements to expect between lead and uranium, or
what their chemistry was likely to be, or even whether the periodic system
could be trusted at its upper reaches—the rare earth elements, ominously
enough, did not fit into the periodic system and were grouped separately.

Gradually, however, certain patterns in alpha and beta decay became clear
enough to be stated explicitly: alpha decay produces a daughter whose
position in the periodic table is two places below the parent; beta decay
produces a daughter one place higher. Known as the group displacement
laws, the two generalizations were stated independently and nearly
simultaneously early in 1913 by Kasimir Fajans, a Polish radiochemist working
in Karlsruhe, and by Frederick Soddy, in Glasgow.

The new rules implicitly correlated charge with elemental position:
emission of an alpha particle, of mass 4 and charge +2, produced a species
two places down; emission of a beta particle (electron), with very small mass
and charge -1, produced a species one place up. Mass, which until then was
considered the determinant of an element's identity, seemed to play no role
at all. This was most clearly seen in the common sequence of an alpha decay
followed by two beta decays, which produced a species at the

original position, chemically identical but lighter by 4 mass units. Soddy's
term isotope (“'same place™) was universally adopted to describe species that
appeared at the same position in the periodic table but were radioactively
different; it was explicitly stated that they were chemically the same but
differed in mass. The group displacement laws and the concept of isotopy had
incorporated the profusion of radioactive species into the periodic system, tied
radioactivity to chemistry, and substituted charge for mass as the
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distinguishing characteristic of a chemical element. It was part of a
revolutionary change in the underlying understanding of atomic behavior.

By 1913, four radioactive elements had been placed in the periodic table,
based on their chemical similarities with lighter elements. Radium, divalent
and similar to barium, was placed in Group II; thorium, tetravalent, in Group
IV; uranium, hexavalent, in Group VI. The placement of actinium was in doubt
for some time, but in 1913 Soddy, Fajans, and Meitner and Hahn
independently sifted the evidence and concluded that actinium most likely
belonged in Group I11.[14] The sequence, apparently homologous to the third
row transition elements, had a gap in the Group V position between thorium
and uranium; the missing element, presumably pentavalent, was expected to
resemble tantalum in chemical behavior. (See Appendix fig. 2.)

According to the group displacement laws, only two choices were possible
for an actinium precursor: a beta-emitting radium isotope or an alpha-
emitting isotope of the unknown pentavalent element. Since actinium had
never been found in the presence of radium, Soddy concluded in 1913 that
the mother substance of actinium was a long-lived alpha-emitting isotope of
the missing Group V element, which he designated "ekatantalum."[15]

Earlier that year Fajans and Oswald Géhring discovered UX,, , daughter of
the beta-emitting thorium isotope UX; (234 Th). Applying the group

displacement laws that Fajans had just articulated a few months before, they
assumed that UX,, would be a member of Group V and chemically bolstered

that assumption by precipitating it with tantalic acid to partially separate it
from its thorium parent. They named their new element "brevium” for its very
short half-life of about one minute but realized that brevium, a Group V beta

emitter, decayed to an isotope of uranium (234 U): it could not be the mother
substance of actinium. They searched for a long-lived alpha emitter with
similar chemical properties but uncovered

nothing. Meanwhile Meitner and Hahn modified Fajans and Go6hring's
procedures somewhat to obtain a better separation of UX, .[16]

Within a few months the once-empty Group V position had acquired two
members—the UX, quite certain, the actinium precursor a still hypothetical

but potentially more interesting isotope whose discovery, it was hoped, would
resolve the ancestry of actinium. By then there was new evidence for its
existence. The uranium decay product UY had been discovered in Rutherford's
laboratory by G. N. Antonoff in 1911; late in 1913 Antonoff, Soddy, and, most
thoroughly, Meitner and Hahn verified that UY was a thorium isotope (now
known to be 231 Th) and a beta emitter.[17] Its daughter was necessarily a
member of Group V, but neither Soddy nor Goéhring could find a trace of it.[18]
This was just what one might expect of the actinium mother substance, whose
slow rate of decay and correspondingly low energy alpha particles would be
impossible to detect in the presence of stronger activities.

Encouraged, Meitner and Hahn set out to find the actinium precursor. It
was essential, first of all, to separate sufficient quantities of it from other
activities in order to monitor its weak but steady alpha radiation; to prove
that it was the mother substance, it would also be necessary to demonstrate
that it generated actinium. Low levels of beta radiation were difficult to
detect, however, so Hahn and Meitner decided to monitor not actinium itself
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but the alpha radiation from its decay products, which included actinium

emanation (219 Rn), AcA (215 Po), and AcC (211 Bi). Owing to actinium's half-
life of some twenty-five years, this would be a long-term project.

To locate and separate the mother substance, Meitner and Hahn explored
two possible starting materials: uranium salts that had been extracted from
uranium ore years before and the untreated uranium ore pitchblende. From
an "old" uranium nitrate salt, Hahn and Meitner separated the tantalum group
using the same procedure as for UX, , mounted several samples under fixed
electroscopes, and prepared to monitor them for several years. They knew
that precipitation of the tantulum group also coprecipitated small amounts of
polonium, thorium, and various other uranium decay products whose activities
would initially obscure the weak radiation from the actinium mother
substance, but they expected these short-lived activities to fade away while
the actinium, steadily supplied by its mother substance, would gradually
increase.

— 52 —
For pitchblende, which contained much more mother substance but also more
of every other uranium decay product, Hahn and Meitner needed a cleaner
separation method. Early in 1914 they found that treating pitchblende with
nitric acid left an insoluble residue that was largely silicon dioxide but also
contained most of the tantalumlike substances and relatively little extraneous
activity. Knowing that Soddy and Fajans were also looking for the actinium
precursor, Meitner and Hahn kept this promising new method to themselves.

Meanwhile they engaged in a number of other studies. With Martin
Rothenbach, his first assistant, Hahn estimated the half-life of the very weak

beta decay associated with rubidium (87 Rb), a value later used for estimating
the geological age of rubidium-strontium minerals.[1°l Meitner explored the
question of the final product of the uranium decay series—whether it ended
with stable lead or decayed further to bismuth and thallium.[2°]

Along with isotopy, the most exciting developments at the time were
Rutherford's nuclear atom, the atomic theory of Niels Bohr, and the x-ray
studies of H. G. J. Moseley; while theoretical attention focused on
extranuclear electrons in atomic orbitals, there were indications that nuclei
might be the source of radioactivity: alpha particles, and also the electrons
emitted in beta decay.[?1] Meitner began studying the relationship between
gamma radiation and radioactive decay, taking a particular interest in
Rutherford's suggestion that the discrete lines in magnetic beta spectra might
be tied to gamma emission and the finding by James Chadwick, a student of
Rutherford's, of a continuous beta spectrum when gamma emission was
absent.[22] The problem, of fundamental importance and great difficulty,
would be pursued by Meitner and by members of Rutherford's group for many
years.

In the spring of 1914, Lise Meitner received an attractive offer from
Prague: a position in the lower academic ranks, with the prospect of
advancement. Lise may not have wanted to leave Berlin, but Max Planck
made certain that Emil Fischer understood she was seriously considering the
offer. It took several months, but the call had its effect: by summer Fischer
doubled her salary, to 3,000 marks, and praised her work. She accepted
Fischer's beneficence, thanking him for the increased pay and for extending it
in such "honorable form."[23]
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Meitner's letter to Fischer was written on 2 August 1914 and mailed from
Vienna, where she had rushed to see her brothers off to war. Already

much of Europe was involved. Having smoldered for generations, the conflict
had been ignited, finally, in Sarajevo that June, by a group of Bosnian Serbs
who assassinated Archduke Franz Ferdinand, nephew and heir to the aging
Kaiser Franz Josef. Eager to crush the south Slavs once and for all, Austria-
Hungary refused conciliation, declared war on Serbia on 28 July, and
bombarded Belgrade the next day. Within a week the machinery of mutual
alliances was locked into war: Russia, champion of the Slavs, mobilized along
her Austrian frontier, giving Germany its long-desired rationale for declaring
Russia the aggressor and invading France and Belgium, which required
England, treaty-bound to defend Belgian neutrality, to enter the war. For the
moment Turkey hesitated, and Italy, nominally an Austrian ally, declared itself
neutral. Otherwise Germany and Austria had enemies on every side.[24]

The mood in Austria was jubilant. Early reports gave the impression of
decisive victories. "Doing scientific busywork seems senseless to me now,"
Lise wrote to Elisabeth Schiemann. "My mother's apartment is directly across
from the train station and each day | see the men going off to war with
unbelievable enthusiasm. Those who remain behind outdo themselves in
demonstrating love for those who are leaving, and the train station presents a
festive, joyous sight all day long."[23] Lise followed the German success in
Belgium and France with "honest admiration";[2¢] a few weeks later, as
Austria suffered heavy casualties in Galicia (Austrian Poland), she took
comfort in the thought that "the fate of the individual recedes behind the
greater cause."[27]

Germans, too, exulted in a new sense of national purpose. Otto Hahn,
James Franck, Gustav Hertz, Hans Geiger, all in the reserve, were called up
and left at once, sure they would be home victorious by Christmas. "The die
was cast, and hardly anyone had any doubt of our winning this just war,"
Hahn recalled. Although he witnessed the killing of civilians and the burning of
medieval Louvain during the invasion of Belgium, the camaraderie of army life
appealed to him, and being a soldier seemed quite pleasant at first, "rather
like going for a stroll in an occupied country."[28]

It may be difficult for us, at the end of this savage century, to comprehend
such eager acceptance of war, particularly among educated people whose
outlook—at least professionally—was quite international. We must remember
that for most Europeans in 1914 war was an abstraction, the most recent
having been the Franco-Prussian War of 1870-1871, a conflict

neither long nor bloody enough to discourage Germany from dreaming of
further expansion or to keep France, humiliated by a huge indemnity payment
and the loss of Alsace-Lorraine, from desiring a return engagement. In place
of war, there had been forty years of nonpeace: economic belligerence,
incessant trouble in the Balkans, rival alliances, an escalating arms race. For
all its strength, Germany tended to feel underappreciated and insecure. It
derided England as a nation of shopkeepers, France as decadent, Russia as a
Slavic menace; believing they alone were infused with the depth of spirit and
intellect they called Kultur , Germans could scarcely imagine why the French
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would refer to them as barbarians or the English as Huns (a designation,
incidentally, that Kaiser Wilhelm 11 first regarded as positive in connotation).
[29] Apart from a socialist minority, few in any nation were free of narrow
nationalism; the press was hardly objective, universities even less so:
academics took pride in avoiding politics, an activity they disdained in favor of
an almost reflexive identification with the state. As it grew dominant in the
heart of Europe, Germany felt encircled and confined, a condition seemingly
unamenable to compromise, its only ally the disheveled Austro-Hungarian
Empire, a cauldron of endless dissension. In the end, war seemed the only
way to set things right. When it came, finally, it was greeted almost with
relief.

In the first surge of national unity, professional and class distinctions
seemed to fall away. Everyone wanted to do their share, and those not
eligible for military service applied their science to the war effort. Max von
Laue, rejected for medical reasons, spent the war investigating the physics of
electronic tubes.[39] |In Dahlem and elsewhere, scientists searched for
substitutes for strategic raw materials—most urgently, nitrates from Chile—
that had been cut off by trade embargoes and the British blockade. Emil
Fischer and Fritz Haber took the lead in persuading industry to greatly
increase the production of synthetic nitrates for munitions and agriculture;
substitutes were also sought for many other materials, including copper,
sulfates, rubber, fiber, and food. There had been no planning, in either the
economy or the military, for a war lasting more than six months.

Fritz Haber was forty-six years old, above the age for active military duty;
because of his Jewish background, he had been ineligible for commission as a
reserve officer. As a physical chemist, he was already famous (together with
Carl Bosch) for developing the Haber-Bosch process for the

industrial synthesis of ammonia, a crucial starting material for the synthetic
nitrates the military required for an extended war: without the Haber process,
the war would have been over in a year.[31] For Haber, that was not enough:
he was driven to prove his absolute devotion to Germany. In the first months
of the war, he was asked by the military to find a motor fuel antifreeze to
replace toluene, which was essential for TNT and already in short supply; he
quickly determined that xylene and other petroleum derivatives would do. The
project was minor. By December 1914, Haber had committed himself and his
Dahlem institute to a larger and more dangerous aspect of the war effort:
tactical military research, including alternative explosives, nonlethal chemical
irritants, and poison gases.[32]

While radioactivity research was not a candidate for war service, Lise
Meitner herself definitely was. In Vienna in August 1914, she immediately
inquired of the Red Cross about the need for nurses, but the agency was
disorganized and the nursing courses were all filled. When she realized there
was nothing for her in Vienna, she contacted Planck about the Berlin
university's war auxiliary and asked Ernst Beckmann whether the KWI for
Chemistry might be converted into a military hospital. With all answers
negative, she returned to Berlin in September 1914 and signed up for x-ray
technician training and an anatomy course in the hospital in Lichterfelde.[33]
Restless and distracted, she nevertheless maintained the laboratory,
completed a beta spectrum begun with Hahn and Otto von Baeyer before the
war,[34] and finished her own study of the end product of the uranium decay
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series.[35] As a continuation of their most important long-term project, the
search for the actinium precursor, Lise regularly monitored their samples and
kept an eye out for Kasimir Fajans, who, she was sure, was doing the same.

For the duration, England and Germany each sequestered the other's
nationals. A German glassblower who had worked in Manchester for years was
interned; a move was made in the Royal Society to remove the physicist Sir
Arthur Schuster from his position as secretary for no other reason than his
German birth.[36] In Germany some five thousand British civilians were
incarcerated for the duration of the war in Ruhleben, a deserted racetrack on
the western outskirts of Berlin. Among the prisoners were James Chadwick, a
student of Rutherford’'s who had come to Berlin to work with Hans Geiger, and
Charles D. Ellis, a young engineering cadet who was trapped in Germany
while on vacation in 1914. In Ruhleben the men

suffered from cold, extreme congestion—six men to a two-horse stall—and
bad food;[37] at the intervention of Meitner, Planck, Rubens, and others,
Chadwick was allowed occasional visits and even some scientific equipment,
but he remained a prisoner until the end of the war. Ellis's association with
Chadwick in Ruhleben converted him to a career in physics; on his return to
England he studied in Cambridge and later joined Rutherford's group. During
the 1920s Ellis and Meitner maintained an active collegial relationship as they
worked on similar problems of beta spectra.[38]

At the outset, everyone was sure the war would be brief and victory
glorious. The English physicist H. G. J. Moseley was in Australia when the war
began; anxious not to miss the great adventure, he raced home, insisted on
being taken into the Royal Engineers, and then could hardly wait for combat.
[39]1 No nation thought it necessary to preserve its scientific talent. Fritz
Hasendhrl, successor to Boltzmann and Austria's leading theoretical physicist,
was inducted immediately. Both were killed in battle in 1915: Moseley in the
Dardanelles expedition, Hasenohrl at the Italian front. Theoretical physics in
Austria did not recover for a generation.[40]

In a spirit of Austrian solidarity, Stefan Meyer and Lise Meitner maintained
a steady correspondence. "It was very good of you," he wrote in September
1914, "to defend us against the [German] accusation that Austria has not yet
defeated the Russians."[41] He was appalled at the internment of Chadwick;
Robert Lawson, an English physicist in Meyer's Radium Institute, was not
allowed to visit cafés or stay out late but was otherwise undisturbed.[42] Most
news concerned colleagues in the military: Erwin Schrodinger at the Italian
front, Arthur Boltzmann a balloonist in Serbia, Hasendhrl a mechanic in a
motor unit in Cracow, others in hospitals as medical and x-ray technicians.
The fighting in Poland was especially fierce. "Poor Dr. Michl (alpha tracks on
photographic plates) fell in Galicia, Kofler was killed there three months ago.
Also O. Scheuer, who last worked with M. Curie."[43]

As the war continued, the mood in Germany turned somber. The world
community strongly protested Germany's violation of Belgian neutrality, its
atrocities against civilians and destruction of cultural treasures. Germans were
pained and surprised: to them the war was purely defensive. When English
newspapers suggested that a distinction be made between German culture
and Prussian militarism, intellectuals issued the "Appeal to the Cultured
Peoples of the World" (An die Kulturwelt! Ein Aufruf ),
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proclaiming their solidarity with the German army, justifying the invasion of
Belgium as a defense of German culture, and conjuring the "shameful
spectacle ... of Russian hordes ... unleashed against the white race." The
appeal was sighed by ninety-three prominent artists and scientists, including
Max Planck, Emil Fischer, Fritz Haber, Philipp Lenard, Walther Nernst, Wilhelm
Ostwald, Wilhelm Réntgen, and Richard Willstatter. (A counterappeal for
European unity and peace was signed by only four, one of whom was Albert
Einstein.) Planck and Willstatter later regretted their early enthusiasm. "The
outbreak of war overtook us like a natural disaster,"” Willstatter reflected in his
memoirs. "The professors were convinced that Germany bore no responsibility
for the war and that war had taken it by surprise."” Willstatter concluded that
educated Germans, himself included, had failed abysmally in their
responsibilities as citizens. Planck, who welcomed the first flush of patriotism
and saw two sons off to war, later did what he could to repair relations with
the international scientific community.[44]

In December Otto Hahn was in heavy fighting in Belgium. Lise wrote
constantly, trying for a cheerful tone, with scientific details, news of
colleagues, reports on the well-being of her relatives in the military. When she
learned that his assistant, Martin Rothenbach, had been killed in France, she
could hardly tell him. "I knew it 10 days ago," she finally wrote in December
1914, "but could not get myself to write to you because | knew from the way
it affected me, that it would also depress you greatly. But | think you should
write to his parents."[45]

In January 1915 Hahn was recruited for a new assignment, a special unit
for chemical warfare that Fritz Haber was organizing. To all objections, Haber
countered that poison gas had already been used by the French; indeed, the
French and British were experimenting with tear gas for driving soldiers from
their trenches. Almost no one refused Haber: his close friend Richard
Willstatter devised a gas mask without which a gas offensive would have been
impossible; Hahn, Franck, Hertz, and other scientists joined Pioneer Regiment
No. 36. After brief training in meteorology and the use of poison gases and
protective devices, the "gas pioneers" began field experiments with chlorine in
Belgium. But the first casualties of Haber's military research occurred in his
own institute in December 1914, when a test mixture of explosive materials
produced a huge detonation that killed the chemist Otto Sackur and caused
another

chemist, Gerhard Just, to lose his right hand.[6] Meitner described the funeral
to Hahn: Haber and Willstatter wept uncontrollably. "One can only hope these
dreadful sacrifices have not been in vain. If only things would move forward
more quickly!"[47]

The chemical warfare project was secret, but Lise soon had a "fairly good
idea" of what it was. "[I] can well understand your misgivings," she reassured
Otto, "yet you are certainly justified in being an 'opportunist.’ First, you were
not asked [but ordered] and second, if you do not do it, someone else will.
Above all, any means which might help shorten this horrible war are
justified."48l In April 1915 the Pioneer Regiment was transferred to Galicia,
where a potent mixture of chlorine and phosgene was directed against

ifile://F:\downl oad\hyotyohjel mat\meitner\L ise M eitner.htm 20.7.2006

___________________________________


file://F:downloadhyotyohjelmatmeitnerLise

Lise Meitner Page 49 of 443

Russian soldiers, with great suffering and loss of life. Although Hahn was
shocked by the agony of the dying Russians, he stayed with the Pioneer
Regiment for the remainder of the war, experimenting with poison gases and
the techniques for delivering them. In his memoirs years later Hahn
explained, "As a result of continuous work with these highly toxic gases, our
minds were so numbed that we no longer had any scruples about the whole
thing."[4°]

The explanation was facile: Hahn was not an introspective man. As a
participant, he was horrified and then suppressed his horror, perhaps a
necessity at the time. But later, when the immediate numbing might have
worn off, he spoke and wrote about his military experiences with considerable
pride, as old soldiers do, never reflecting in depth on the use of poison gas, or
the ethics of applying his science to war. During the Third Reich and World
War |1, the scale of horror would be greater, but Hahn and other Germans
would find, even in the absence of toxic gases, that their minds were similarly
numbed.[50]

Through the spring of 1915 Lise continued to work, managing the
laboratory and purchasing their first electromagnet for beta spectra.[>1l In
February, two Turkish princes toured the institute. "Their royal highnesses
assured me it was the first time they had the honor! (such flatterers) to meet
a woman doctor. Naturally 1 am swollen with pride, which, thin as I am, | can
certainly afford.” From Brussels, Otto sent her a snapshot of himself and a
collar of Belgian lace: "I really don't know which gave me more pleasure,
perhaps your picture a little more."[52] In her letters Lise was by turn sister,
friend, colleague, telling him of the whereabouts of their friends, scolding him
when he did not write, planning for his thirty-sixth

birthday to be celebrated at the front,[53] and always informing him, in detail,
of the progress she was making with their research. And because German
soldiers tended to disparage their Austrian counterparts, Lise made sure Otto
understood that all the male members of her family—brothers and brothers-
in-law—were fighting too: in Cracow, in the Polish offensive, in the heavy
fighting at the San River in Galicia.[5%

By late spring, it was evident that the war would not soon be over.
Fighting on the western front reached a stalemate, and Germany joined
Austria in a major offensive against Russia in Galicia, from which Austria had
retreated in the first weeks of the war. In May the Russians were forced back
from the San; by the end of June the German-Austrian forces recaptured
Lemberg (Lwow, Poland; now L'vov, Ukraine), capital of Galicia. The war
widened. Turkey joined the Central Powers in 1914, and Italy finally declared
war on Austria, its old enemy, in 1915 in the hope of redeeming Trieste, the
Dalmatian coast, and the Sudtirol (Trentino). Casualties mounted without end.
That summer Meitner learned that Marie Curie had initiated an ambulance
service with radiological equipment and was working in field hospitals with her
eighteen-year-old daughter, Iréne, behind the lines in France.[5%] In July
1915, Lise left for Vienna to volunteer as an x-ray nurse-technician with the
Austrian army.

Within days Lise was accepted, trained, vaccinated, and assigned to a
military hospital in Lemberg, not far from the Russian front. On 4 August she
left Vienna with a unit of 220 men, 50 nurses, 10 physicians, and the
complete facilities for a hospital, on an "endlessly long" train that slowly made
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its way to Budapest, skirted the Carpathians in northeastern Hungary,
then wound north through the mountains to Poland. She wrote to Elisabeth,

We were underway for 60 hours, but it didn't seem that long. Naturally it was a very old
third-class car with narrow wooden benches, but the doctors and nurses each had their
own bench so one could stretch out at night, and during the day there was so much that
was new and interesting to see that time went quickly. In Miskolcz [Miskolc], a little
Hungarian town, ... a German doctor told us that Warsaw had been taken. ... [Y]Jou can
imagine how happy we were. Near Mezo-Loborcz [now Michalovce, Slovakia], as you may
remember, there was very bitter fighting. ... There are houses that were shot to pieces, the
front wall alone remains, sometimes even this is blown away, and the roof lies on the
ground. ... The surroundings ... are just beautiful, on one side the plains and to the north
the Carpathian

mountains with beautiful forests. From there until Lemberg we went through an
uninterrupted war zone, always the same picture. All the railroad bridges were destroyed
by mines, and the train crossings were temporary wooden bridges from which one could
see the old bridge on the rocks below.

The suffering of the wounded came as a shock.

We are converting the local Technical Institute into a barracks hospital. Until now there was
a field hospital here, with about 6,000 to 7,000 wounded who had to be transferred
elsewhere as quickly as possible. Now as a barracks hospital at least some of the wounded
can stay longer to make a recovery. ... Oh, Elisabeth, what | have already seen—I never
expected it to be as awful as it actually is. These poor people, who at best will be cripples,
have the most horrible pains. One can hear their screams and groans as well as see their
horrible wounds. Today we had a Czech who was severely wounded in his arms and legs
who moaned in pain while tears ran down his face. ... Since we are only about 40 km from
the front we get only the most severely wounded here. | tell myself this for consolation.
But one has one's own thoughts about war when one sees all this.[58]

Until the x-ray facilities were ready, Lise assisted in several operations
each morning, cleaned operating tables and instruments, and bandaged the
wounded.

27 August. Today we amputated the foot of a very young Hungarian, and it upset me that |
could say nothing to him. ... A young Polish soldier said quietly, "I know I will die,” and he
did.

24-26 September. It is already terribly cold. I work only with the very badly wounded. ...
It is impossible how much they suffer. We have so many wounded Hungarians, and far too
few Hungarian nurses. Those with back wounds are often so badly wounded that nothing
can be done for them, and they die very slowly. The Catholic priest here gives his time to
Catholic, Protestant, and Jew alike. There are many good people here.

18 October. | have done over 200 x-rays. ... The surgeon told me that x-rays have saved
the life of at least one of the wounded, by identifying a hernia of the bladder and not a
stomach wound as the doctors originally thought. ... This is a small happiness among much
that is very hard. | have seen young soldiers 18 or 19 years old who are operated on four
or five times and die anyway.[57]

Writing to Otto, Lise omitted the medical details.

10 September 1915. Dear Herr Hahn! ... We have many Russians among the wounded, and
also prisoners who work for us. They are mostly good-natured, patient men, very caring to
the sick ones. ... It is difficult to understand them, of course. A few words that | picked up
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as a child, a few

Polish or Russian words that | learned here, is my whole vocabulary. Hungarian is even
more difficult.

14 October. At night when 1 lie in bed and cannot sleep right away | feel slightly homesick
for physics, but during the day I think only of the patients. ... The gratitude that they show
always makes me somewhat ashamed. My younger brother [Walter] is now a cadet at the
Isonzo front [Italy].

28 November. The bitterness against the Italians is very great—the soldiers regard every
single Italian as a personal enemy.

9 January 1916. | do sometimes have homesickness for physics, above all feel I hardly
know what physics is anymore. ... My health is always very good. | don't think | weigh as
much as 50 kg [110 Ib.], but after all I didn't come here to get fattened up. ... When there
are no x-rays needed, | help in the operating room—I have even done anesthesia, which |
dislike—and in addition | am the hospital mechanic. | fix broken electrical cords and
apparatus, make T-tubes, catheters, and so on.[58]

In Lemberg, Lise received a marriage proposal—perhaps not the first, or
the last, but apparently the only one of which we have a record. Somehow
she met a professor from Greece, who then wrote to her from Piraeus: "I
would like to have the honor of marrying you. | admire you and the other
Germans and your wonderful country. | hope you take my offer of marriage
seriously. Also | would like your photograph. Please answer me. P.S. Greece is
now all for the Germans."[5°] One suspects Lise did not answer. But she did
keep the note, flowery writing, purple ink, and all.

By early 1916 the eastern front reached a stalemate and there was very
little to do.[®°] Lise requested a transfer to the south, the scene of heavy
fighting near Trient (Trento) in the alpine Sudtirol, a region Austria would
eventually lose to Italy. The transfer took months; she visited Berlin and
worked halfheartedly in Vienna for a while in Stefan Meyer's Radium Institute.
[61] Assigned to Trient in June, Lise was again mostly idle and asked to be
sent "any place there is work."I62] In July she was in Lublin at the height of a
renewed Russian offensive in Poland, but the doctors were themselves too
exhausted or ill to treat the many wounded and Lise could do little on her
own. "l feel superfluous," she wrote Elisabeth in August. "Without me things
would go just as well. If this is true, then my duty is to go back to the Kaiser
Wilhelm Institute. | say my duty because if | had followed my wishes, | would
have gone back long ago."[®3] In September: "My last card! | am coming back
to Berlin. ... | must work so | feel relieved already."[64]

Lise returned to Dahlem in early October 1916.[65] She found the KWI for
Chemistry almost entirely converted to war research. After Willstatter left for
Munich in March 1916, his section on the institute's first floor had been
requisitioned by the aerial photography command (Luftbildkommando) and
others from Haber's "military institute.” In a transparent attempt to do the
same for Meitner and Hahn's section, the Haber group offered Meitner a
position with them, "with the special inducement,” she noted sardonically,
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"that | would be paid. They evidently thought that | live here—shall we say—
on a private income." She turned the Haber offer down, concerned about the
fate of the radioactivity section she shared with Hahn.

25 October 1916. ... | hope that the Lion [Haber] will not get his claws into our modest
section, especially since our private laboratory with its physical apparatus would hardly be
useful for the chemical studies in question. If I am not prevented from doing so, | will try to
work. I would very much like to repeat Chadwick's work, namely, to count the spectrum of
beta radiation in a magnetic field. ... What do you say about [the German] victory in
Dobrudscha [Dobruja, Romania]? One must be glad about it, if one still has the capacity to
be glad.[68]

Like most Germans, Lise was exhausted by the war but by no means
without hope for eventual victory.

Lise hastened to measure the preparations she had set aside before she
left, in particular, the samples that had been monitored since 1913 for
evidence of actinium precursor.

16 November 1916. Dear Herr Hahn! ... The Haber people treat us of course like captured
territory; they do not take what they need but what they like . ... Who will guarantee that
they won't come over here, and then everything will really be lost. I will do everything to
prevent it; we have measurements here that have been in progress for so long ... but they
have the arrogance of victory. ... It really is very thoughtful of you to be concerned about
what | eat; you imagine [the shortage of food] to be worse than it actually is. ... Last night
| was at Plancks'. They played two marvelous trios, Schubert and Beethoven. Einstein
played violin and occasionally made amazingly naive and really quite peculiar comments on
political and military prospects. That there exists an educated person in these times who
does not so much as pick up a newspaper, is really a curiosity.[67]

Einstein considered his views on German militarism and his hopes for the
defeat of Germany to be so far removed from those of his friends that he

did not discuss them, except to ask questions "in the Socratic manner, to

challenge their complacency.” He was quite aware that "people don't like that
very much."[68]

In January 1917, Otto Hahn was in Berlin for several weeks. With Lise's
permanent return, they were eager to resume their search for the actinium
precursor. The tantalum group they had extracted from the old uranium
nitrate salt in 1913 still gave not the slightest indication of actinium, its
emanation or decay products. They abandoned it and turned to the silica
residue they had first separated from pitchblende early in 1914. At the time
they had determined that the residue included essentially all the tantalumlike
substances in pitchblende and with them, presumably, the hoped-for "eka-
tantalum,” mother substance of actinium. Under their electroscopes three
years later, the residue was giving off their first glimmer of success: a tiny but
unmistakable amount of actinium emanation.

It was hardly the ideal time for a major project. In this, Germany and
Austria’s first "turnip winter,"” food was scarce, fuel almost nonexistent,
equipment expensive and hard to get, pitchblende unavailable. Perhaps the
greatest difficulty was that students, assistants, and technicians had long
since disappeared into the military. Lise would have to work alone.

And as much as Lise favored the war effort, she and Hahn were eager to
protect their work and their section from Haber's incursions. Support came,
once again, from Emil Fischer: where Haber was glad to see the wall between
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academia and the military come down, Fischer was trying to shore it up. In
January 1917, Lise Meitner was appointed head of her own section for
physics, in effect dividing the Laboratorium Hahn-Meitner into the
Laboratorium Hahn and the Laboratorium Meitner, with a pay increase of
1,000 to 4,000 marks (essentially equivalent to Hahn's 5,000 marks, which
included a marriage supplement).[6°] Perhaps more than any other
appointment, Meitner took this as an expression of trust. Although the hiring
and purchasing necessary to build her section would be deferred until after
the war, she had been granted the administrative authority to direct her own
work and the power to protect her section.

In February, Otto returned to his unit, impatient for news.

22 February 1917. Dear Herr Hahn! The pitchblende experiment is of course important and
interesting but | cannot do it right now—don't be angry, please. ... | have ordered the
[platinum] vessels for our actinium experiment ... and will begin as soon as they arrive. ...
Yesterday | gave

a colloquium. | thought of you and spoke loudly and looked at the people and not the
blackboard, although under the circumstances the blackboard seemed far more appealing
than some of the people. ... Be well and please don't be angry about the pitchblende delay.
Believe me, it's not due to lack of will, but really only lack of time. | can't very well do as
much work alone as the three of us used to do together. Today | bought 3 meters of rubber
tubing for 22M!! | got a real shock when | saw the bill.[7°]

The equipment was ready, finally, in early March. The initial steps, several
arduous treatments with boiling concentrated acids, were designed to
separate the silica (SiO,, ) from the pitchblende and the tantalumlike

substances from the SiO,, ; because the quantity of "eka-tantalum” was so

minuscule, a tantalum compound was added as a carrier. Lise began by
pulverizing 21 grams of pitchblende—nearly all they had—and boiling it in
concentrated nitric acid, decanting the solution and boiling the undissolved
remainder several times until an insoluble SiO,, residue was obtained, which

was filtered, washed several times, and dried. The residue weighed 2 grams,
of which 1.5 grams was set aside as a control. The remaining 0.5 gram
dissolved almost entirely after repeated treatment with hydrofluoric acid (HF)
to which a few milligrams of potassium tantalum fluoride had been added;
this reaction required platinum vessels, those Lise had ordered in February,
since glass and most other metals dissolve in hydrofluoric acid. The HF
solution was filtered, boiled down somewhat, and then evaporated to dryness
in boiling concentrated sulfuric acid—of all the difficult steps involving hot
concentrated acids, this was the most unpleasant—which left a solid material
that dissolved almost entirely when repeatedly boiled in concentrated nitric
acid. A tiny bit of solid did not dissolve: this contained all the tantalum and
with it, presumably, the actinium precursor.

Meitner monitored the preparation for alpha radiation for several weeks.
"According to our assumptions,” Meitner and Hahn wrote later, "since the
mother substance emits a -rays (presumably of shorter range than its decay
products), our preparations ought to show a strong a -activity, which in view
of the [25-year] half-life of actinium ought to increase only very slowly,
despite its five a -emitting decay products. However, if one filters out the slow
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a -radiation of the mother substance of actinium, one should observe an
activity which rises from almost zero at a much faster rate. (One cannot think
of measuring the b -activity of such a weak preparation.)"[71]

Exactly as expected, the new preparation displayed a constant shortrange a -

radiation and a faster a -radiation whose intensity doubled in several weeks.
The untreated 1.5 grams of SiO,, showed the same.

The results could not have been better, but still they did not prove that the
source of the alpha activity was in fact the actinium precursor and its decay
products. Because Meitner and Hahn's preparations were too weak to
separate the actinium decay products and measure them directly, they chose
an indirect proof: eliminating from consideration any other activities with
similar short-range alpha radiation and chemical behavior.

This drew on Hahn and Meitner's entire experience in radioactivity. In
April, when Hahn was again in Berlin for a short period, he and Meitner

narrowed the possibilities to two: ionium (230 Th), a long-lived alpha emitter,
and radium D (210 Pb), which is a beta emitter but decays to 210 Bj and then

210 pg, an alpha emitter of fairly long half-life. To determine whether ionium
or RaD were indeed present, Meitner and Hahn added to the silica residue

measured quantities of their respective beta-emitting isotopes UX (234 Th)

and ThB (212 Pb) and processed the silica as before. The complexity of the
indicator experiment may be gathered from Meitner's letters to Hahn.

7 May 1917. Dear Herr Hahn! ... Preparation #9 seems very promising. ... [I]n any case
the strong alpha activity cannot arise solely from ionium. ... In my opinion, ruling out RaD

is not as certain, since at first #9 had some ThB; the corresponding polonium [210 Po,

derived from 21° Pb] must also be there. ... | am also disturbed by #5; its a -activity has
been constant since April 20; its beta activity, however, has continuously increased.
According to your experiments this cannot be due to UX from uranium, so maybe it is due

to the accumulation of RaE [210 Bj].[72!

15 May 1917. As it's hardly possible for you to retain all the preparations and their
numbers in your head, | will very briefly remind you of the separations: no. 8 is what did
not dissolve in HF [presumably containing no precursor]. No. 9 is the [one which did
dissolve in HF and contains] Ta after H,, SO, evaporation [but which did not dissolve] in hot

HNO, [this was expected to contain precursor]. No. 10 is the NH, precipitate from the nitric
acid solution [the portion that did dissolve in HNO; —no precursor expected]. No. 8

originally contained most of the ThB and UX [indicating that most RaD and ionium
separated from the precursor]. ... No. 9 also must have some ThB and a little UX. From the
5th to the 14th [of May] its beta activity declined exactly as UX [indicating no other beta
impurities], its alpha activity shows much less decrease. There is, therefore, a constant
alpha

activity, which in any case cannot be due only to ionium, as one can see from the relative
amount of ionium and uranium X in no. 8 and no. 10. ... In addition there is a not very
penetrating beta radiation, possibly RaD or RaE. ... No. 10 had (contrary to what you
expected) only very little ThB and almost only UX, the ratio of these, as seen by decay
measurements, is the same in no. 9, only no. 10 has much less constant alpha [less
mother substance, as expected]. ... No. 9 and no. 10 must have the same ratio of ThB to
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UX, but since no. 10 is much more strongly active than no. 9, it must have much more RaD
than no. 9, if RaD is there at all. ... No. 5 is the part we worked up (dissolved in HF,
evaporated with H, SO, ) [with no added indicators] from the 2 g of SiO, out of 21 g

pitchblende. It shows, in addition to a quite constant alpha activity, a markedly increasing
beta activity [possibly from actinium itself]. ... You must only give me a little time—I mean
you must not get impatient. The measurements all take a long time—I must also
standardize [the electroscopes] exactly, very necessary with the weather we are now
having.[73]

The intensity of the work consumed Lise; she hardly mentioned the war,
and she forgot to ask about Otto's health or send her usual greetings to
James Franck. The one intrusion came in her letter of 15 May, after four
pages of science. Grete Planck died that day, after giving birth to a little girl.
"It is terribly hard for me to bear," Lise wrote and did not mention it again.
Perhaps she felt no right to express her own grief, not to Hahn after three
years of war, not to the Plancks who had now lost two children, their oldest
son, Karl, having been killed in France the year before. There was nothing one
could say. Lise's letter ended, "You need hardly worry about others' eka-
tantalum experiments. In Vienna they're not being done, | know that for
certain, and | heard ... that Fajans is doing war service."[74]

19 June 1917. | have good reports about our work. Preparation no. 9 seems really to be
something, the alpha activity is apparently already constant. ... | think we can count on
having the substance in hand.[75]

For verification, it would be necessary to measure actinium decay products
directly; for this, more starting material was needed. In Vienna at Easter, Lise
had asked Stefan Meyer for some pitchblende, without telling him much about
their work, and she had tried to buy some from the Joachimsthal mines. But,
she told Otto pointedly, as a result of an embargo initiated by Germany, none
could be shipped until after the war.[7¢]

So Meitner turned to Friedrich Giesel, the elderly industrial chemist who
had discovered actinium in 1902 (independently of André Debierne

but two years later) and was associated with the radium-producing firm of
Buchler & Co. in Braunschweig. With considerable difficulty Lise obtained 100
grams of "double residue" (Ruckrickstande )—pitchblende from which both
uranium and radium had been removed—and with 43 grams, twice their
previous trial, began the separations as before. But Giesel's pitchblende was
different somehow, and the earlier method did not work. By the end of July,
Lise was exasperated.

27 July 1917. Dear Herr Hahn! With all due respect for your reasons for not writing, don't
you think that others besides yourself are also pressed for time? You are thrifty with
everything, even with friendly words. Unfortunately, as you can see, | am not at the
exalted place where | do not write to you. The extenuating circumstances are that | am not
just writing to be friendly but also have some news to report. And so as not to offend the
practical God of time | shall get to it right away. ... With somewhat unjustified optimism |
attempted to separate 43 g of Giesel's preparation A. It appeared to go quite well, but the
final result was not very satisfactory.

After a detailed description of her attempts, Lise was interrupted.

6 August. | got this far when your wife visited me and took me swimming. ... When | came
home that evening | found, in addition to both your letters (the beginning of my letter is
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still justified since you only wrote for radioactive reasons!), a telegram from my brother
telling me he would arrive the next morning. | spent 3 1/2 days with him and did nothing in
the institute. ... Now that short pleasure is over. ... Be well, and write, at least about
radioactivity. | remember a time very long ago when you would once in a while send a line
even without radioactivity.[77]

24 August 1917. Concerning our small personal misunderstanding, | am unconvinced by
your objections. | am still of the opinion that a friendly line from time to time is not a great
sacrifice for friendship—but | do not want to lead you to such old-fashioned excesses if you
yourself do not feel a need for them. Anyway | am not angry now, nor was | before.
Concerning the abracadabra [actinium precursor], the only news | can tell you is that |
worked up 10 g of Giesel's preparation B. ... No. 6 has increased significantly, no. 9 in beta
electroscope is still decreasing slightly. ... I hope you will not be angry with me if I do not
try any further separations. First, | really believe it is of no use, as long as the preparations
are decreasing and, second, to tell the truth, | would like to finally have a vacation. With all
the things left to measure, | will not finish until the 31st, and then | would like to go to
Vienna. Before | go | will set up some kind of system for collecting active deposits. As long
as the strong preparations are still decreasing, it is difficult to take convincing
measurements. ... In the last issue of Electrocheml[ische]

Z[eitschrift] Fajans ... defends his brain-child "brevium" and defends himself against the
possibility that Soddy's "eka-tantalum" might have priority over his "brevium." (He says
that) Soddy proposed that eka-tantalum is a long-lived mother substance of actinium that
has never been found and for that reason has never been named. So you see, Fajans does
not have eka-tantalum! ... Now be well. Your wife told me you have obtained a bottle of
schnaps for my "spiritual” needs. Many thanks! It will come in handy as my last bottle
disappeared almost entirely into my brother's travel flask.[78]

When she returned to Berlin, Meitner monitored the old and new
preparations. "They are increasing [in activity] completely on schedule. | have
measured the curve [for actinium beta activity]; the increase has been
completely linear for six months now, which is very comforting."[7°] For Lise,
all doubts were gone; every experiment afforded unequivocal evidence of
actinium, its emanation, its active deposit, and its precursor. What remained
was to determine the half-life of the mother substance, by quantitatively
measuring the range of its alpha particles and the rate with which its decay
products formed.

For this a much stronger preparation was required. In November Lise
traveled to Braunschweig to ask Professor Giesel to perform the extraction in
quantity in Buchler's industrial laboratory.

16 November 1917. Tuesday | went to Braunschweig. The connections are very poor and |
spent two hours in Magdeburg ... but | had a good lunch which really counts for a lot these
days. Giesel was very reserved for the first 15 minutes, but then thawed visibly and at the
end was quite friendly. | told him very frankly about our experiments and asked him to
keep it confidential. According to Giesel, a few hundred pounds of residues A and B are
available which contain a high percentage of pitchblende. But the factory stopped radium
production during the war so that those are the only residues available. In addition, they
had to give up their platinum vessels, and of course one cannot boil sulfuric acid in lead
vessels. My discussion with Giesel was not easy because he is a somewhat absent-minded
older gentleman who finds it hard to follow someone else's thoughts and in addition seems
to be somewhat impractical, but we agreed on the following. Giesel will pretreat 1 to 2 kg
of the [pitchblende] residue with HF and H,, SO, . ... I think the quantity then will be small

enough for me to do the evaporation of H,, SO, in our large platinum vessel. ... | wrote the

procedure down for Giesel, as he is terribly forgetful. For example, he asked me three
times why we did not do the extraction with sulfuric acid. Each time | asked him if
concentrated sulfuric acid can be filtered, and when he said no, | told him that radium

ifile://F:\downl oad\hyotyohjel mat\meitner\L ise M eitner.htm 20.7.2006


file://F:downloadhyotyohjelmatmeitnerLise

Lise Meitner Page 57 of 443

would precipitate in dilute sulfuric acid. He forgot this several times.

He certainly has gotten old, completely white and a little unsteady, but still he is quite a
character. The death of his only son apparently dealt him a terrible blow. Personally he was
very kind to me, insisted that | come to his house one evening where he and his intelligent
and charming wife outdid themselves on my behalf. ... The success in Italy is very good,
and the events in Russia [revolution], however they may turn out, are in any case better
for us than for the Entente.[8°]

Victory for Germany and Austria still seemed possible.

As promised, Giesel partially processed 1 kilogram of pitchblende; in
December, the third and most quantitative phase of the investigation began.
Hahn, again in Berlin on leave, helped Meitner with the difficult evaporation of
concentrated sulfuric acid, which they repeated several times until they
obtained a fairly pure product that was intensely radioactive. After setting up
samples for monitoring, Lise went to Vienna for Christmas and Otto returned
to his unit a few days later.

17 January 1918. Take a deep breath before you begin reading, it will be a very long letter.
... I received your card of 29 Dec. the day | left Vienna. Once | got here | wanted to finish
some of the measurements so that | could tell what you want most to hear from me. And |
shall tell you a variety of delightful things.

Well, the strong Giesel preparations are quite all right ... and all 3 have now increased
strongly [in alpha activity]. ... Also nos. 6, 9, 21, and 22 [from the first and second trials]
have increased nicely. | have also determined the range. ... The measurements at the end
of the range, which are so important, take hours, for 10 days | left the lab only at 8:30 or 9
at night, but at least it was worth the effort. ... The relatively large value of 3.32 cm (Ra
has 3.13 c¢cm) should not worry you. For the actinium series the relationshipt8l log | = A +
B log R yields a straight line whose slope differs from that of the uranium-radium series. ...
You can only compare within the same series. In the actinium series, though, there is the
difficulty that either AcX or radioactinium don't correspond, so one gets two different slopes
depending upon which is irregular. That also gives two different values for the half-life. If
one takes the value of AcX as determining, the half-life of our eka-tantalum would be 1,200
years, the other one would give 150,000 years.[82] .. In addition | have done the
emanation measurements. The old preparation 25 [second trial] is more than double as
strong, the new Giesel preparation [from 1 kg pitchblende] thirty times! stronger. The
increase is so strong one notices it from one day to the next. That made me especially
happy, | think you will also be glad. ... Finally, | also collected actinium deposit from
preparation 22 [second trial], and 10 days later repeated the experiment. Of

— 70 —

course the activity is very weak, but it can be measured with complete certainty and can be
verified by its rate of decay. ... In any case, we can now think of publishing very soon.[83]

This elegant piece of work proved the existence of a radioactive species
that could not be observed directly but only by its radiations and those of its
daughter and its decay products. The hunt for the elusive mother substance
had taken five years. In 1913 Hahn and Meitner first looked for the mother
substance in an undissolved silica residue from uranium ore; applying the
concepts of isotopes and the group displacement laws, then very new, they
used an isotope of the mother substance, UX2 , as an indicator of the
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correctness of their chemistry and the possible hiding place of the mother
substance. Their suspicions were confirmed fours year later, in the winter of
1917, when the silica gave off a tiny bit of actinium emanation that had not
been there before. In the spring of 1917 they tested the silica, accounted for
the radiation from extraneous activities, and verified that some of that
radiation was indeed coming from something new. Then in their larger trials,
in the summer and fall of 1917, they concentrated the mother substance in
earnest, let the extraneous activities fade away, and soon observed an
increasing amount of actinium, which they detected by its emanation and the
resulting decay products in the active deposit. Finally they characterized the
mother substance, measuring the range of its alpha particles and estimating
its half-life. This beautiful discovery called on every bit of expertise and
intuition that Meitner and Hahn had acquired over the years.

On 16 March 1918, Lise Meitner and Otto Hahn submitted their paper,
"The Mother Substance of Actinium, a New Radioactive Element of Long Half-
life," to Physikalische Zeitschrift . With satisfaction they reported, "The
supposition that pitchblende was the suitable starting material was indeed
justified. We have succeeded in discovering a new radioactive element, and
demonstrating that it is the mother substance of actinium. We propose,
therefore, the name protactinium."[84]

Although Meitner had done nearly all the work, Hahn was the senior
author on the protactinium paper. In matters of priority, Meitner was more
than scrupulous with Hahn: she was intensely loyal, more sensitive to their
collaboration than to their separate accomplishments, and aware that they
shared a laboratory with equipment and materials they had acquired together.
Thus, in January 1918, when she completed another study that she

had done entirely alone over a period of many years, she still asked Hahn to
"frankly" tell her if he wanted to co-author the paper. (He declined.)[85]
Perhaps with protactinium she thought she owed him senior status, that to do
otherwise might have been unfair to a soldier serving his country. Twenty
years later, when the situation was reversed, when she was away from the
laboratory and he was there for the day-to-day experiments, she might have
expected a similar loyalty from him. It would not happen that way.

Once the protactinium article was submitted, what remained were the
pleasant duties associated with a new element. Having told Stefan Meyer
almost nothing all along, Lise hastened to give him the experimental details
[86] and ask his advice in choosing a symbol. "You pose a terribly difficult
question,” he responded cheerfully. "I would prefer the names Lisonium,
Lisottonium, etc., and | therefore propose the symbol Lo, but unfortunately
these are unsuitable if one wants general acceptance. ... In Pn a completely
unimportant letter is brought to the fore, which leaves me most sympathetic
to Pa: after all palladium for some reason is Pd. ... Although I still prefer
Lisotto, it is much more significant to have discovered ... Pa or Pn than to
come up with the most beautiful name."[87] For Meyer, at least, Lise came
first. Lisotto & Co. decided on Pa.

There were also some delicate discussions with Kasimir Fajans. As the first
to identify an isotope of "eka-tantalum,” he and Oswald Goéhring had the right
to name the element, and they had chosen "brevium" for their short-lived
UX, . But common usage required that a radioactive element be represented

ifile://F:\downl oad\hyotyohjel mat\meitner\L ise M eitner.htm 20.7.2006

___________________________________


file://F:downloadhyotyohjelmatmeitnerLise

Lise Meitner Page 59 of 443

by its longest-lived (that is, its most abundant) isotope, and "brevium"
would hardly do for the mother substance of actinium. Fajans was known for
his superior manner and aggressive treatment of his colleagues. "He feels as
if he's the pope of radiochemistry,"l88] Stefan Meyer once commented, and he
had taken to calling Fajans "Kasimir the Greatest."[8°] But Fajans agreed to
the name protactinium.

Fajans had not pursued "eka-tantalum," but Frederick Soddy had. In June
1918, Soddy and John Cranston reported that a high-temperature treatment
of pitchblende yielded a sublimate that gradually generated increasing
quantities of actinium. Their results appeared at about the same time as
Hahn's and Meitner's; neither knew of the others' until after the war. Meitner
and Hahn, however, had collected more actinium precursor and characterized
it more completely, so the priority was theirs.[9°]

While the discovery of protactinium identified the immediate parent of
actinium, the more distant ancestry of actinium, in particular its relationship

to uranium, was only slightly less murky than before. Although the sequence
uy

Pa

—

_}
Ac seemed correct, and although it appeared that UY was directly descended

from uranium, it was still unclear just how this could be so, since the two

known uranium isotopes, Ul (now known to be 238 U) and UllI (234 U), were
both members of the uranium-radium series. If they also initiated the
actinium series, this would involve branching of a completely novel sort: in
every other known case, the branch diverged for only one generation and
then immediately healed.[®1] To resolve the question it would be necessary to
determine the atomic weight of at least one member of the actinium series,
the most promising candidate being the longest-lived, most abundant
member—protactinium. This would occupy Hahn, and to a much lesser extent
Meitner, for many years to come.

But in the summer of 1918, it was not possible to plan far ahead. For four
years Germans had believed the rosy picture of the war; suddenly there was
talk of collapse, exhaustion. Still the generals fought on, deceiving themselves
and their country, wasting lives. No political faction would accept the burden
of surrender and defeat. Civilians, desperately hungry, struggled to keep
themselves and their families alive.

That June Otto suffered an attack of "weakness," probably mild phosgene
poisoning, and was sent to a military hospital to recuperate. Some fresh food
was still available for convalescing soldiers; when Edith came to visit, Otto
sent Lise six eggs, "of which one is better than the other, or | should say was
better, as all but two have become past tense. The last two | shall bestow
upon the Francks."[®?] Lise never complained of lack of food; only her
gratitude reveals her hunger. Like everyone else, she carried on as best she
could, completing a long-term study of the half-lives of several thorium
products[®3] and lecturing on the protactinium discovery.

Did | write to you that | recently gave a colloquium on our work, and that Planck, Einstein,
and Rubens told me afterwards how good it was? From which you can see that | gave quite
a decent lecture, even though | was, stupidly enough, again very self-conscious. ... | was

glad you weren't there, you would surely have scolded me. This way, | quickly got over my
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shyness with a friendly jest from Planck and a very comforting psychological observation
from Einstein. ... I am optimistic enough to expect peace by autumn so | hope that we can
again work together next winter.[94]

— 73 —

In Vienna there was chaos. "Concerning our living conditions, it is better to
say nothing," Meyer wrote. "One can hardly tell which is at fault, lack of
organization or actual shortage of food. As organizers, we are swarming with
Reichsdeutschen [Germans, as distinct from German-Austrians]; the way they
act—as if they cannot be wrong—and the way they pass judgment on others
has made them beloved in all the world."[®5]

The fighting continued through the summer and into the fall of 1918. On
20 October, Austria asked for an armistice; when it was signed on 3
November, revolution broke out throughout Germany. Sailors mutinied,
troops left the front, radical socialists known as Spartacists—the only
socialists to oppose the war from the start—organized workers' and soldiers'
councils modeled on Russian soviets. On 9 November, the Kaiser fled; to
forestall Spartacist leaders from proclaiming a soviet republic, moderate
Social Democrats in the government joined with centrists and conservatives,
declared a German republic, signed an armistice on 11 November, and ended
the war.

In the cities and provinces of Germany rival factions fought, people
believed nothing and everything, rumors flew. Stefan Meyer wrote, "[I am]
almost more concerned now about Berlin than about Vienna, and with you the
reverse seems to be true. ... We are afflicted with influenza as much as you
are in Berlin, and we don't know which is worse, influenza or the new majority
of people who wish to strip us of everything German." He and his wife left
their newborn son with a farm family for the winter; suicide and nervous
breakdowns were commonplace. "One must now go about the world with
blinders on, and without looking left or right try to get on and to work, as long
as one's nerves hold out."[96]

For most of the war, Austria-Hungary had been a military satellite of
Germany; at the end, as the empire fell into its national parts, many German-
Austrians looked to a union with Germany as a fulfillment of their own
national aspirations. As much as Lise Meitner loved Germany and favored
such an Anschluss ,[97] she disliked the trappings of German nationalism and
was unsympathetic to her friends' attachment to the old order. In the first
month of the revolution she tried to make Elisabeth understand that much of
the change was for the better.

First, all rumors of houses being searched are completely untrue. ... There may have been
a few robbers who availed themselves of food from well-

stocked houses. They were subsequently stopped from further "requisitions.” So you really
have no need to be concerned about your parents. Now, when | try to discuss some of the
questions in your letter, please remember that | have always had very strong democratic
inclinations. ... | can certainly understand that you personally are very upset by the
disappearance of the German nobility and especially the Hohenzollerns. But Elisabeth, the
enormous mistakes they made in internal and international politics both before and during
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the war indicate very plainly that the system was a bad one; it is impossible for a single
individual to control the fate of millions of people without answering to anyone but himself.
... The last weeks of the Kaiser's regime once again showed this very clearly. He issued
proclamations granting the German people broad democratic rights as if it were his own
wish. But he would not negotiate with [Philipp] Scheidemann [one of two Social Democrats
in the Kaiser's cabinet], whom he himself appointed. ... Instead he manipulated the
socialists so that they had to share the odium of the unfavorable cease-fire conditions. ...
You must not be unjust, Elisabeth, and say that the socialists sold our honor for bread, and
that people concerned about honor would have secured better cease-fire conditions. ...
Bread means honor, life, and the existence of Germany right now. Because if we have
starvation, the Bolshevists will rise up, which will not only result in civil war but the Entente
will surely occupy the country, under the pretext of maintaining order. That, we hope, will
be spared us. ... The [Social Democrats] are not engaged in one-sided class politics, but
want real democracy. ... The main concern now is that dangerous fools like [Spartacist
leader Karl] Liebknecht, Rosa Luxembourg, and the like do not acquire followers for their
crazy ideas, and that on the other side some of the [right-wing] generals do not succeed
with their plans.[98]

Meitner's politics were solidly Social Democratic; she did not share
Elisabeth's upper-class distaste for democracy, or the general dismay of
established academics over the disappearance of the monarchy and imperial
Germany. In the laboratory she and Hahn had constant political discussions,
in which "we almost always have differing opinions."[9°] Perhaps because she
felt politically isolated, she developed a greater appreciation for Einstein. In
the fall of 1918 they briefly worked together, planning an experiment to verify
an aspect of his light quantum hypothesis; unlike many other physicists at the
time, Meitner believed in the hypothesis. Einstein's calculations were not quite
right and Meitner never did the experiment, but she enjoyed the scientific and
private contact with him: "I know of few people who have as strong and pure
an individuality as Einstein."[19°] For his part, Einstein began referring to
Meitner as "our

Marie Curie"—great praise, although by then she could certainly have been
compared not only to other women but to any physicist in her field.[191

In Berlin the fighting continued. Socialist students occupied the university
and seized the rector; Einstein, one of the few academics students trusted,
was asked to negotiate.[192] For a time moderate socialists in the university
quarter fought Spartacists just across the Spree from the Physics Institute;
constant gunfire forced evacuation of the rooms facing the river. That winter
Karl Liebknecht and Rosa Luxembourg were arrested and then murdered, the
revolution was defeated, and a new German republic was created. The
constituent assembly did not convene in Berlin, which was too dangerous, but
in Weimar, birthplace and home of Goethe. Germany had been ruined by
imperialism and militarism, and the choice of Weimar seemed an expression
of hope.

There was no peace, but those who returned from the war were at least
alive. Many physicists were demobilized in Berlin; away from the scientific
literature for years, they requested a colloquium. Heinrich Rubens, unnerved
by the fighting near his institute, asked Max Born, one of the young
theoretical physicists, to make the arrangements. And so the Wednesday
colloquium resumed, the men bundled in their old army coats, intent on
physics, forgetting the cold for a while and the gunfire outside.[103]

Otto Hahn returned to Dahlem, and James Franck took a position as a
department head in Fritz Haber's institute. Lise Meitner also headed her own
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section: with her appointment in January 1917 came the responsibility for
establishing an independent physics section in the KWI for Chemistry.
Scientifically, the independence could not have come at a better time. For a
physicist, radioactivity had reached a certain completeness, far less
interesting in itself than for what it might reveal of its nuclear origins.
Radioactivity was evolving into nuclear physics, a term and a field that did not
yet exist. Almost nothing was known of the atomic nucleus; Lise was ready for
it. Her most important years of research lay just ahead.

Chapter Four
Professor in the Kaiser-Wilhelm-Institut

We spent several hours firing questions at Bohr, who was always full of generous good
humor, and at lunch Haber tried to explain the meaning of the word "Bonze" (bigwig).

Germany in 1919 was exceptionally bleak: defeated, divided, poor. By
summer people knew they faced a fourth winter of hunger and cold. In Austria
the situation was equally grim. "We are already freezing and going hungry,"
Stefan Meyer wrote to Lise Meitner in October. "Milk and meat are unknown
words, coal is nonexistent, wood insufficient and expensive."l1] He and his
wife left their children in the mountain village where in better times they had
spent their summers. In the countryside some food was available, but Vienna
was a city of starvation and death.

For Germans there was the added fear that the harsh terms of the
Versailles treaty would make recovery impossible. Even Einstein, who had
always blamed Germany for the war and welcomed its defeat, was moved.
"Those countries whose victory | had considered during the war by far the
lesser evil I now consider only slightly less of an evil." Having hoped for a
peace "that did not conceal a future war," he regarded the Allies' failure to
assist the German people and their new democracy as heartless and
shortsighted.[?]

The war brought disaster, but peace was a catastrophe and the
government was blamed for it. Weimar satisfied almost no one, neither the
Right nor the Left, certainly not industry or the military or cultural elite.[3] In
the universities many of the senior professors were demoralized and bitter;
Max Planck was one of the few to devote himself to rebuilding German
scientific institutions. On several occasions military factions seized parts of
Berlin, and trade unions retaliated with general strikes; to staff essential
utilities, Berlin scientists organized an emergency technical ser-

vice (technische Nothilfe ), which assigned Otto Hahn, James Franck, and

others to gas and electricity plants as all-night stokers.[“l For Lise Meitner,
the disturbances were "quite depressing, not so much because ... we were
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without gas, light and for a time even without water ... but because the
general situation makes me fear once again for the health of the Reich."[®]
The situation included a vitriolic anti-Semitic campaign against Einstein.
Planck, anxious not to lose Germany's chief scientific emblem, was
instrumental in keeping his friend from leaving permanently for a post abroad.

(1 1n the summer of 1919, friends invited Lise to Sweden for a short respite.
There she enjoyed the serenity of a country that had not seen war for a
century; her letters to Otto reveal an intense—and for Lise, quite
uncharacteristic—interest in food. "In Géteborg Frau Franck's sister [Ingrid
Franck was Swedish] came for me, and gave me a wonderful breakfast
(beefsteak with eggs, sausage, milk, butter, etc.)."” On the Swedish coast she
was the guest of Emma Jacobsson, an Austrian physicist Lise had met before
the war, and her husband, Malte, a Swedish engineer. "I am eating an
unbelievable amount, drink at least a liter of milk a day, am eating eggs,
butter, bacon, puddings, in short everything good, and am very spoiled by my
friends. | shall return to Berlin fat and brown."[7] Lise probably never weighed
more than 50 kilograms (110 Ibs.), but that summer she did gain a new title,
that of Professor in the institute. She had little taste for titles, "but,"” she said,
"what gave me pleasure was the real pleasure my friends took in it.” On her
return to Berlin she found flowers in her apartment, more flowers in the
laboratory.[8]

Whether she appreciated it or not, it was a significant event. In all
likelihood, she was the first woman in Germany, certainly in Prussia, with the
title Professor. And although her status in the institute did not immediately
change, the title, especially in Prussia, was helpful in attracting students and
assistants, obtaining grants, and working with officials. And it must have
provided yet another defense against the feelings of insecurity that
occasionally still overcame her.

The Kaiser-Wilhelm-Gesellschaft may have functioned well enough to
dispense Professor titles, but working conditions in the institute were poor for
quite some time. For more than a year after the protactinium discovery,
Meitner and Hahn did little but tie up loose ends, publishing an improved
value for the half-life of actinium,[®] speculating on the

branch point of the actinium series,[1°] describing protactinium's chemical
properties in some detail.[11] In every publication Hahn was first author, to
which Meitner apparently did not object, even though she had done much of
the work.

In 1919 the Verein Deutscher Chemiker (Association of German Chemists)
awarded its Emil Fischer Medal to Hahn, citing essentially everything he had
done in radiochemistry, including radioactive recoil, magnetic beta spectra,
and the discovery of protactinium;[*2] the Verein also voted to present
Meitner with a copy of Hahn's medal, an odd attempt to acknowledge her
contribution without really recognizing it. The fact that Meitner did not share
in Hahn's award seems to have disturbed him, but not her. "I find it very
gratifying and very justified that you receive it,” she assured him. "To me it
seems less justified that | should also come away with something. Prof.
[Theodor] Diehl wrote to me, namely, that the Verein at the same time
resolved to recognize my collaboration [Mitwirkung ] and present me with a
copy of the medal; he invited me to the festivities on September 7. | don't
have much desire to make the trip [she was on vacation] but would like your
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opinion. Of course you must go."[13]

Why would Meitner find it "very justified" that Hahn alone have the award,
and "less justified" that she be recognized at all? Was this a matter of turf, a
physicist reluctant to join chemists celebrating the accomplishments of
chemistry, in which context her role would, almost by definition, be regarded
as subsidiary?[4l Very possibly this was an important factor, for unlike
Rutherford, who in 1908 was much amused by his Nobel Prize in chemistry,
Meitner still needed to demonstrate her independence as a physicist. What is
surprising, however, is how far she distanced herself from protactinium,
almost as if she had willed herself to believe that chemistry was the key to
the discovery and her own contributions hardly mattered.

At the heart of Lise's ambivalence was her relationship with Otto Hahn.
Scientifically, their partnership had been most productive, but she knew that
others would never see a woman working with a man as anything but his
subordinate—even though it should have been obvious that for a substantial
part of their collaboration, with the beta spectra, for example, she was the
leader and Hahn the one at the margin, a chemist in the domain of physics.
The difficulty was that personally she was indeed dependent on

him: grateful, utterly loyal, more in need of his friendship than he of hers. The
asymmetry was evident in their careful formality—still "Sie " after all those
years—and in Meitner's deference, especially visible during the war when she
ran the laboratory, did the work, and put Hahn's name first on every
publication. To free herself, at least in science, it appears that she put
protactinium, prize of their work together, out of mind. That this required
some artful rethinking on her part may be seen in the sparse and, for Meitner,
unusually faulty memoir she wrote in 1964: "I worked from mid-1915 to
autumn 1917 [sic: 1916] as a radiologist in Austrian hospitals at the front.
However, Hahn ... often came to Dahlem, while | was able to get leave of
absence from my voluntary position frequently enough for us to be able, even
before the end of the war, to point conclusively to protactinium."[*5] She was
remembering Hahn's role better than her own, dissolving her year of intense
and often lonely effort into a part-time venture by scientific comrades-in-
arms.[16]

What Meitner did remember accurately and always cited with pride was
her assignment, in 1917, to establish a physics department within the
institute. She took it as a sign of recognition, trust, and professional coming-
of-age: it was, above all, her own. It took a year or two to get ready, but by
1920 she and Hahn were well along their separate scientific paths. Her work
with him had been prelude, radioactivity no longer an end in itself but
preparation for the work ahead.

Physicists knew that these were the most exciting years any scientist could
wish for. Only a generation or so before, bright students, including Max Planck
at age sixteen, were advised to seek intellectual adventure somewhere else:
physics was nearly complete, it seemed, its treatment of energy, motion,
radiation, electromagnetism so brilliantly perfect that nothing worthwhile
seemed left to discover.[*7] And if little was understood of the nature of
matter—well, that sort of thing was best left to chemists. Then came a rash of
discoveries and everything changed: x-rays were unexplained; atomic spectra
were a mystery; radioactivity was strange; electrons were everywhere, in
atoms and electricity and beta decay and spectra. And despite overwhelming
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evidence for radiation as a continuous wave, new results implied just the
opposite. In 1900, Planck found it necessary to call upon quanta ,
discontinuous energy corpuscles, to interpret blackbody radiation; in 1905,
Einstein characterized radiation itself

as a discontinuous medium composed of energy quanta, which were essential
for explaining the photoelectric effect and other phenomena. Also that year
Einstein transformed space and time with relativity and deduced the
equivalence of matter and energy. There were more questions about matter
and energy than ever before, but physics was making progress.

Radioactivity supplied some of the ammunition, the energetic alpha
particles Rutherford called his "pets." Based on alpha-scattering experiments
of his assistant, Hans Geiger, and his student, Ernest Marsden, Rutherford in
1911 proposed a planetary atomic arrangement: electrons orbiting a tiny,
massive, positively charged nucleus. The nuclear atom had a grave defect,
however: it did not account for the stability of atoms. According to everything
that was known about moving charges, electrons should have been radiating
energy and spiraling into the nucleus.

The revolution came in 1913. Niels Bohr took hydrogen, boldly declared its
energy states to be nonradiating, quantized them, and calculated a set of
discrete electron orbits in perfect agreement with the hydrogen spectrum. It
was unexpected and right; it made quantum theory the basis for atomic
physics, and the nuclear atom the model for everything radioactivity,
spectroscopy, and chemistry had to offer. The nuclear atom embodied the
primacy of charge over mass, something already indicated by radioactivity's
group displacement laws and isotopes. Now it was also evident that alpha
particles, being positive, must originate in the nucleus; that an element is
characterized by its nuclear charge, which fixes the number and energy levels
of its orbital electrons; that isotopes of an element have the same nuclear
charge but different mass; that chemical reactions involve orbital electrons,
not the nucleus. The site of beta decay was briefly debated. At first Rutherford
and Fajans thought beta electrons were orbital, but after Bohr listed isotopic
beta emitters that are radioactively different and Soddy pointed to the
elemental change associated with beta decay, the conclusion was inescapable:
beta decay is a nuclear process.

In 1914, James Franck and Gustav Hertz experimentally showed that
when energetic electrons collide with mercury atoms in the gas phase, energy
is transferred from an electron to a mercury atom only in distinct quanta. This
indicated that quantization applies to all atomic processes, not just the
absorption and emission of radiation, and to all elements, even though Bohr's
theory was exact only for one-electron atoms such as hydrogen.[18l

— 81 —
The experimental field that advanced most symbiotically with the new atomic
theory was spectroscopy. From the start the discrete lines in atomic spectra
were understood as electron transitions between quantized energy levels:
optical spectra as transitions of outer electrons, xX-ray spectra as those closest
in. Compared to optical spectra, x-ray spectra tended to be simpler and,
because inner electrons are so close to the nucleus, more characteristic of the
element used as the x-ray source. In 1914, when Moseley measured the
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characteristic x-radiation emitted by a set of consecutive elements, he found
that the frequencies of the x-ray lines were a function of atomic number (the
ordinal position of an element in the periodic system). He concluded that the
physical basis for atomic number must be nuclear charge. Moseley's work
illuminated the entire periodic system, affirmed the Rutherford-Bohr atomic
model, and replaced atomic weight with nuclear charge as the mark of
chemical identity. In turn, the quantized atom made possible a detailed
interpretation of x-ray spectra, which became a powerful tool for studying
inner electrons, for detecting new elements, and for chemical analysis.
Although optical spectra were far more difficult to unravel, they would
eventually reveal properties of all orbital electrons and spur the advance of
atomic theory.[19]

Meitner, meanwhile, was engaged with spectra of a different sort, the
magnetic beta spectra that she, Hahn, and von Baeyer had collected over a
period of years. Meitner came to beta spectra with an interest in beta
radiation and persisted because so little about the spectra—and the decaying
nuclei that produced them—was well understood. During the war she made
little progress, but after it was over she was head of her own section and
eager to strike out on her own. Nuclei were as uncharted as atoms before
Rutherford, their structure, energy, and even composition unknown: beta
spectra offered a window into the nucleus as promising as optical and x-ray
spectra were for the atom as a whole. In fact, beta spectra would prove more
demanding and in many respects more significant than anyone expected; with
them Meitner would make her mark as one of the leading physicists of her
day.

The first beta spectrum was taken in 1909 by William Wilson to resolve a
dispute with Meitner and Hahn over the homogeneity of beta radiation.[2°]
Meitner expected the spectrum of each beta source to be a single line, the
image of electrons expelled with uniform energy in beta decay; when instead
every spectrum displayed several lines, she had to concede that beta

— 82 —
radiation is not homogeneous. The advent of the nuclear atom and the
recognition that beta decay is a nuclear process permitted a revival of her
former view: just one line would be formed by the primary decay electrons,
and all other lines would be secondary, formed by electrons expelled from
their orbits outside the nucleus.

In 1914, however, James Chadwick found what appeared to be a
continuous beta spectrum for radium B + C (a mixture of 214 pp and its

daughter, 214 Bi), leading Rutherford to suggest that all beta lines were
secondary and the primary spectrum continuous. This Meitner could not
accept.[?1] Convinced that nuclei, like atoms, must be quantized, she did not
believe that identical nuclei would emit primary electrons of variable energy.
She was still guided by the analogy between alpha and beta decay that she
had always favored; considering the uniform energy always found for alpha
particles, the presence of discrete beta lines, and the triumph of early
guantum theory, her view was not unreasonable. She thought she could prove
it by analyzing beta spectra for their primary and secondary components.

It was not immediately obvious how to do this, so Meitner first looked for
beta spectra with no primary line at all. Before the war she and Hahn had

found that the alpha emitters radium (226 Ra), radioactinium (227 Th), and
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radiothorium (228 Th) exhibited beta spectra with well-defined lines.[22]
Before concluding that these spectra were entirely secondary, Meitner wanted

to be sure these three alpha emitters were not primary beta emitters also.[23]
Such dual alpha and beta decay, known as branching, had been observed for
several species; if present, the respective beta decay products would have

been 226 Ac, 227 Pa, and 228 py

Hahn and Meitner searched for these products and found nothing.[?41 The
beta spectra in question were, therefore, entirely secondary. The result,
Meitner believed, applied to primary beta emitters as well, for it "proved
without doubt that ... there exist b -particles of defined energy which do not
originate in the nucleus; they are thus of secondary origin; i.e., they must
come from the electron rings. From this one would expect that part of the
beta spectrum of a typical beta emitter ... is likewise of secondary origin."[25]

What drove these secondary electrons out of their electron orbits?
Collisions with alpha particles would not do it: from the position of the lines,
Meitner noted, it was evident that the energy of the secondary electrons was
far too great to result from collisions between alpha particles

and orbital electrons.[26] Gamma radiation was the only other possibility: it
was of nuclear origin, very high in energy, and nearly always accompanied
alpha and beta decay. "All three substances have a relatively easy-to-detect g
-radiation," she noted, "and this makes it seem likely that linked to the alpha
radiation in some way is a g -radiation which is emitted from the nucleus and
gives rise to the observed [secondary] b -radiation."[27]

A connection between gamma radiation and secondary beta spectra had
been recognized by Rutherford in 1914, after he and his co-workers

investigated radium B (214 Pb), a lead isotope that emits beta and gamma
radiation. When they enclosed RaB in lead foil, they obtained a beta spectrum
that necessarily came from electrons in the foil, since RaB's own beta particles
could not penetrate the lead enclosure. Surprisingly, the lead foil spectrum
and the natural beta spectrum of RaB appeared identical. Rutherford
concluded that both spectra must be secondary, both incited by the gamma
radiation of RaB.[28l

In another experiment, Rutherford and E. N. daC. Andrade found that RaB
emitted soft gamma radiation seemingly identical to the characteristic L x-
rays of lead (x-rays emitted when an electron falls from a higher level to a
vacancy in the L shell). The existence of an orbital vacancy in the L shell was
another indication that orbital electrons were expelled from their orbits during
radioactive decay.[?°l In 1917, Rutherford suggested that nuclear gamma
radiation might expel secondary beta particles, whose energy might be used
to determine the wavelengths of the gamma rays by means of the quantum
relation. At the time, however, the calculation could not be done, because the
energy required to remove the orbital electrons was not well known, nor was
Rutherford confident that the quantum relation was valid at such high
energies.[30]

In the spring of 1921, Lise Meitner spent several weeks in Sweden as a
visiting professor at the University of Lund. The invitation came from Manne
Siegbahn, a Swedish x-ray spectroscopist, who asked her to give colloquia on
radioactivity and to instruct assistants and technicians in the techniques of
beta and gamma spectra. Essentially no radioactivity research was done in
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Sweden, and Meitner was soon teaching a full course in radioactivity,
including theory and laboratory preparations, to physicists and chemists. By
then she had conquered most of her inhibitions about lecturing, but she was
still somewhat taken aback at the end when, as she later wrote, "the students
gave me a lovely bouquet of flowers and a nice

thank you-farewell speech which, according to Swedish custom, ended with

three hurrahs. I, poor thing, was totally unprepared for this and had to thank
them for it."[31

Meitner had also come to Lund to learn something about x-ray
spectroscopy. The field had matured rapidly since its beginnings around 1910,
when C. G. Barkla first detected the characteristic x-rays emitted by different
elements. X-ray diffraction, discovered in 1912 by max Laue (Max von Laue
after his father acquired a hereditary title in 1913) and developed by W.H.
Bragg and W.L. Bragg, made it possible to determine x-ray wavelengths with
precision. By measuring the wavelengths of the x-ray spectra of a series of
elements, Moseley identified atomic number with nuclear charge; others
began unraveling the characteristic x-ray spectra of the elements and
mapping the energies of their inner electron shells. Siegbahn, who would
receive the 1924 Nobel Prize in physics, was known for the precision of his x-
ray measurements and for extending these to a large number of elements. By
1921 the innermost K shell energies and also the next higher L, M, and N shell
energy values for the heaviest metals were quite precisely known.[32] These
would be essential for Meitner's analyses of beta spectra.

In Siegbahn's laboratory Meitner met Dirk Coster, a young Dutch
spectroscopist, and his wife, Miep, a student working toward her doctorate in
Indonesian languages and culture. They became immediate friends, Lise
enjoying Dirk's enthusiasm for science and the couple's warmth and concern
for others. Politically involved and committed to social equality, the Costers
were quite apart from the academic norm; Lise's evenings with them were
filled with "exciting talk about every possible subject.” By day Miep and the
baby sunned themselves on the steps outside the institute, while Coster
demonstrated for Meitner the instruments and techniques of x-ray
spectroscopy.[33]

Returning to Berlin in May, Meitner prepared for a fresh look at beta
spectra. She had learned enough about spectroscopy to understand the limits
of its precision: she would use spectroscopic data and her own magnetic beta
spectra to determine the energy of the gamma radiation, from which she was
prepared to determine which beta electrons were secondary and which were
primary.

From each beta source, she expected a single primary line; as there was
no way to directly recognize which one that was, it would be necessary to

first identify the secondary lines. These, she assumed, were produced by an
internal photoelectric process: a gamma quantum leaving the nucleus would
be absorbed by an orbital electron, which would use some of the gamma
energy as ionization energy to free itself from the atom and convert the
remainder into kinetic energy. The deeper the electron's shell, the more
tightly it was bound to the nucleus, and the less kinetic energy it would have
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at the end, but no matter from which shell an electron came, its ionization
energy and Kkinetic energy, added together, would equal the energy of the
gamma quantum.

Meitner's experimental apparatus was similar to the one used in her earlier
studies with Hahn and von Baeyer. A beta source was deposited on a thin
wire, and its electrons were passed through a slit, deflected into a circular
path by a magnetic field, and deposited onto a photographic plate. From the
position of the lines and the known strength of the magnetic field, the kinetic
energy of the electrons was readily calculated.

For her first study, Meitner selected the lead isotope thorium B(212 Pb) for
its strong gamma radiation and relatively simple spectrum of one weak and
two strong lines. To determine which lines were secondary, she encased ThB
in a thin lead tube that absorbed ThB's beta particles but not its gamma
radiation. In the resultant secondary spectrum, formed by orbital electrons
from the lead case, the weak line was absent, but the two strong lines had the
same position and relative intensity as in the natural spectrum, an
observation quite similar to Rutherford's several years before.

The difference in energy between the two lines corresponded to the
difference in ionization energies (known from x-ray data) of the K and L,

shells of lead, indicating that the slower electrons came from the innermost K
shell and the faster ones from the L, shell. The energy of the gamma

guantum was obtained by adding the kinetic energy of each electron to the
ionization energy of the shell from which it came: the two values agreed
within | percent. As a check, Meitner enclosed ThB in platinum, again obtained
a two-line secondary spectrum, then used platinum ionization energies to
calculate a gamma energy in good agreement with the previous values.[34]
The beta spectra were, therefore, gamma spectra also: from them one
determined which lines were secondary, from which shells the electrons came,
and the energy of the gamma photon. The gamma wavelength followed at
once from the quantum relation, E = hc/l , where E = energy and | =
wavelength. Since h (Planck’'s constant) and c (the speed of light)

are known constants, the energy can be calculated from measured
wavelength, and vice versa.

One thing remained—to identify the primary line. To assign it merely by
elimination seemed unsatisfactory: Meitner reached for an explanation to tie
everything together. She postulated that the energy of some, possibly most,
decay electrons was converted into gamma radiation before they left the
nucleus; unconverted primary electrons would form a line in the beta
spectrum corresponding to the gamma energy. (This mechanism for the
genesis of gamma radiation was too farfetched to be true, and Meitner
eventually abandoned it.) In the ThB spectrum, Meitner did find a weak line at
precisely the gamma energy. To verify it, she took the spectrum again, using
an experimental arrangement that gave greater resolution, developed before
the war by the Polish physicist Jean Danysz. The three previous lines
appeared, along with a very weak fourth line that corresponded perfectly to a
secondary electron from the L, energy level. It all fit; Meitner considered her

hypothesis valid.[35]
Implicit was the sequence primary (decay) electron first, then gamma
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emission, then secondary electrons. From this Meitner raised a question
others had not fully considered: do the secondary electrons come from the
parent atom or the daughter? To Meitner it seemed evident that once a decay
electron left the nucleus, the parent no longer existed and all subsequent
events took place in the daughter atom. To calculate gamma energies,
therefore, it would be correct to use ionization energies not of the beta source
(in this case, lead) but its decay product (bismuth). In practice, however,
Meitner used the values for lead. The x-ray data for its ionization energies
were better known, and within the precision of the experiment the difference
was negligible.[36]

Meitner then reviewed the beta spectrum of radium D (210 Pb) taken by
Danysz in 1914, a few months before he was killed in the war.[37] Calculating
the gamma energy as before, she found a beta line at just that energy and
attributed it to the primary electron. As a check she reexamined the spectra

for radium (226 Ra) and radiothorium (228 Th) and determined their gamma
energies: as expected for alpha sources, all lines were secondary. Meitner
concluded that "typical beta emitters release from their nuclei a beta particle
of a single energy. These beta particles are partly converted to gamma
radiation of the same energy, which ejects secondary beta particles from the
electron orbits, at speeds determined by the speed of the primary

beta particle and the ionization energy of the orbital electrons. The greatest

speed corresponds to the primary beta radiation and its measurement gives at
once the wavelength of the gamma radiation."[38]

A few months after Meitner began her ThB study, Charles D. Ellis

published the beta spectrum of radium B (214 Pb), calculating gamma
energies in the same way.[3°] This was the same Ellis who had been interned
along with James Chadwick in Ruhleben during the war; he had given up a
career as an artillery officer in favor of physics, and now he and Chadwick
were working with Rutherford in Cambridge. Ellis was at first less interested in
beta spectra themselves than in using them to determine gamma
wavelengths, which were in general too short to be measured by crystal
diffraction.[40] The spectrum of RaB was quite complex, in part because it was

always contaminated with its decay product RaC (214 Bi), also a beta source;
to be certain of his measurements, Ellis used four different metals as shields.
In accordance with Rutherford's suggestion some years before, Ellis regarded
the line spectrum as entirely secondary; to account for twelve lines, he
calculated six gamma energies. In her own analysis of Ellis's data, Meitner
assigned two lines to primary beta particles and others to RaC, requiring only
two gamma energies to account for the rest of the RaB spectrum.[41]

Soon afterward Ellis noted an arithmetic relationship among the
frequencies of the RaB gamma rays, an indication that gamma rays are
emitted in transitions between quantized nuclear energy levels. Like Meitner,
Ellis presumed a link between gamma and primary beta decay, but his
seguence was the reverse. Based on Rutherford and Andrade's 1914 finding of
soft RaB gamma rays apparently identical to the L x-rays of lead,!#2! Ellis
presumed that gamma emission must precede beta decay: "It would appear
that the g -ray is emitted, travels out to the L ring, from where it may eject
an electron, this electron goes clear of the atom and another electron falls
into a vacant place in the L ring, and the nucleus has still not disintegrated."
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Gamma emission not only preceded beta decay, Ellis believed, but
triggered it: an electron in an upper (nuclear) energy level "passes to a
[lower] energy level with the emission of a g -ray. Finally, [the electron] will
arrive in one of the states which is connected with instability, and the nucleus
disintegrates with the emission of an electron."[43]

Ellis thought primary electrons were not of uniform energy but instead
formed a continuous spectrum, as Chadwick had found for RaB + C in

1914. Working in Hans Geiger's laboratory in the Physikalisch-Technische
Reichsanstalt in Berlin, Chadwick counted electrons using an ionization
chamber at a fixed radius while varying the magnetic field. A relatively small
number of electrons were at the lines; the great majority—presumably the
primary disintegration electrons—formed a continuous spectrum so diffuse it
barely darkened a photographic plate.[“4 From the beginning the continuous
spectrum presented a dilemma: how could identical nuclei emit electrons of
continuously variable energy and still produce identical daughter nuclei? The
notion was at odds with a quantum view of the atom and defied the first law
of thermodynamics.

Ellis had postulated nuclear energy levels to explain additive gamma
energies but then blurred the idea to accommodate the continuous spectrum:
"One would not anticipate that all the radium B nuclei were absolutely
identical."[45] He struggled to find an explanation that did not violate the law
of conservation of energy.

The electron arrives in a stationary state in which it is not permanently stable and it flies
out from the nucleus. The kinetic energy of the electron must be considered to depend on
other factors besides those of the stationary state, and the variable kinetic energy is
possibly connected with the two facts that the nuclear field must vary considerably in
distances comparable with the diameter of the electron and that the electron cannot be
considered as rigid under these conditions.[4®]

Ellis criticized Meitner's data and repeated her ThB spectrum with
somewhat different results.[471 Strongly opposing Meitner's "simple analogy
between a - and b -decay,"[*8] he raised the "most serious objection" that her
theory "gives no possibility of explaining the general [continuous] spectrum of
b -rays, in fact appears to deny its existence. This general spectrum certainly
does exist, and no theory which disregards it can be correct."[4°]

In response, Meitner repeated several of her own and Ellis's
measurements with improved apparatus. Some spectra contained so many
closely spaced lines that a slight variation in experimental conditions or
ionization energies led to a different assignment. In each case Meitner
defended her interpretation, ascribing discrepancies to Ellis's use of outdated
ionization energy values and spectral data taken in Rutherford's group before
the war.[50]

She reserved her sharpest criticism, however, for his hypothesis that the

emission of nuclear gamma radiation would precede the primary decay
electron.

I must confess that these assumptions appear very hard to reconcile with the customary
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view of radiation processes, because in general it is found that by emitting radiation the
electron falls to a more stable energy state. [Mr. Ellis] presumes that just the opposite
occurs—the electron by emitting gamma radiation ends up in a more unstable state. In
addition, the claim that the electron may leave the nucleus with any allowed speed, and
not with a single speed defined by the energy state of the nucleus, is hardly an explanation
for the existence of a continuous spectrum, it is only a description of it.[5%]

Meitner was simply not impressed by the continuous spectrum, despite
Chadwick's reputation and Rutherford’'s endorsement. It had been done just
once, by one person, for only one species; she may have thought it
anomalous. While Chadwick thought the photographic image falsely
exaggerated discrete lines,[52] Meitner considered Chadwick's experimental
arrangement too imprecise to resolve closely spaced lines, nothing that
individual beta lines are always somewhat inhomogeneous due to electron
collisions. "In any case," she ended, "one cannot conclude from Chadwick's
experiments that a primary continuous b -spectrum exists."[53] Her attack on
the continuous beta spectrum—part criticism, part denial—was communicated
before publication to Chadwick, who voiced his objections to Hahn in a
roundabout way when Meitner was in Vienna for Easter. Meitner was irritated;
Chadwick ought to have contacted her directly; after all these years he
apparently still regarded Hahn as her superior. And she thought it was "really
quite unscientific not to believe someone's work before reading it thoroughly .
He surely wouldn't have done that for a work of [Hans] Geiger's, for instance;
what is being expressed here is a lack of respect for me as a woman, and that
upsets me a little.” But still she wanted to know, "Did he say anything about
Ellis's new results?"[54]

The controversy between Meitner and Ellis was now quite sharply drawn.
[55]1 In person they were friendly and collegial—they had known each other
since Ellis's internment in Berlin—and they corresponded amiably and often.
But in print they were unsparingly contentious. Certain that his data were
superior, Ellis relied heavily on experiments done by others in Rutherford's
group, even when they were difficult to interpret; his aversion to theorizing
was typical of Rutherford and his co-workers. Meitner also

reflected her immediate scientific milieu. Although she considered herself an
experimentalist first and foremost, she was guided by theory and not at all
reluctant to criticize or ignore experimental data she thought made no sense.

For their next investigations, Meitner and Ellis each chose experiments
that most strongly supported their own hypotheses. In the summer of 1922,
Ellis and Chadwick repeated Chadwick's 1914 determination of the RaB + C
spectrum, using an electroscope to measure ionization. As before, the
spectrum was predominantly continuous, its magnitude "roughly what would
be expected if each disintegrating atom contributed one electron to the
continuous spectrum. It appears to us that the simplest way of viewing these
facts is to suppose that the continuous spectrum is formed by the actual
disintegrating electrons."[56]

Meitner countered Ellis's contention that gamma radiation triggers beta
decay by citing two beta emitters, RaE (210 Bi) and ThC (212 Bi), for which no
gamma radiation was evident. Another example was UX; (234 Th), a thorium

isotope with well-defined beta lines but very soft gamma radiation. Meitner
determined that its secondary electrons originated in the L, M, and N shells
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and its gamma energy corresponded to the characteristic K4 X-rays of

thorium; she was sure the radiation was not of nuclear origin.[57]

To be certain no higher-energy gamma radiation had gone undetected,
Meitner decided to measure the UX; gamma energy by absorption,

independent of the beta spectrum. With Hahn's help, she extracted UX; from

a large quantity of uranium nitrate. "Since UX has a half-life of 24 days we
really worked intensely," she wrote to her brother after it was over, "and of
course, processing 40 kg in the laboratory to get an invisible trace of UX is not
exactly an easy job."[58] The absorption curves proved that the only gamma
radiation present was of low energy, of the magnitude of characteristic x-rays.
[59] The absence of nuclear gamma radiation in a beta emitter, Meitner noted
with satisfaction, "cannot be reconciled with the views of C. D. Ellis" since his
mechanism for beta decay required gamma radiation as a trigger.[6©]

According to Meitner, the primary process was simply the emission of a
decay electron from the nucleus. In UX, , she believed, there was no nuclear

gamma radiation at all. Instead, the decay electron directly ejected a K shell
electron, an L electron dropped into the vacancy, and the resultant K

radiation was mostly reabsorbed to eject L, M, or N electrons from their

orbits, all in the same atom. The possibility of multiple transitions without the
emission of radiation had been discussed theoretically;!61]1 Meitner was the
first to observe and describe such radiationless transitions. Two years later,
Pierre Auger detected the short heavy tracks of the ejected secondary
electrons in a cloud chamber, and the effect was named for him. It has been
suggested that the "Auger effect” might well have been the "Meitner effect” or
at least the "Meitner-Auger effect” had she described it with greater fanfare,
but in 1923 it was only part of a thirteen-page article whose main thrust was
the beta spectrum of UX; and the mechanism of its decay.[62]

If Meitner thought she had proved that UX, did not emit nuclear gamma

radiation, C. D. Ellis did not. "It is perfectly straightforward,”" he wrote, "to see
in this a g -ray emitted from the nucleus, like all other cases, and it is a mere
coincidence that its energy happens to be near that of the K, radiations. ... As

far as we can see, uranium X, appears to be a perfectly normal body,

emitting a soft g -ray from the nucleus like radium D."[63]

While Ellis denied that beta decay might occur without nuclear gamma
radiation, Meitner denied the validity of the continuous beta spectrum. By
1923, however, she realized she would have to explain—or at least address—
the issue. She could not deny that some inhomogeneity was associated with
nearly every beta line, and she found it difficult to explain the occasional lines
that were so diffuse (verwaschenen ) that they were more correctly termed
bands. In the UX, spectrum Meitner had assigned the primary beta particles

to such a diffuse band,[®4l and Ellis quickly pointed out that "the diffuse band,
as Meitner states, probably consists of the disintegration electrons, and we
now see that it constitutes a very good example of the varying velocity which
these electrons always appear to possess."l65] Meitner ascribed
inhomogeneity to extranuclear events such as collisions between orbital and
primary electrons.[6€]

In 1923, Meitner enlisted the just-discovered Compton effect to support
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her view. Adopting a completely quantum approach, A. H. Compton of the
University of Chicago treated the observed scattering of x-rays (and gamma
rays) in matter as a two-particle collision between x-ray quanta and
electrons: when a quantum collided with an electron, the energy could be lost
by the quantum and gained by the electron in amounts that varied
continuously with the angle of recoil. Compton's close agreement between
experiment and theory provided the convincing proof for Einstein's light
guantum hypothesis that Einstein and others had long sought.[¢7] Meitner

was a believer in the light quantum hypothesis—she had briefly worked with
Einstein on an experiment to verify it in 1918681 —and she quickly applied
Compton scattering to her analysis of beta spectra. The Compton effect,
Meitner thought, might explain the continuous beta spectrum. Although the
Compton effect was first described for free electrons, Meitner applied it to
"almost free electrons," the outer, least strongly bound, orbital electrons: on
being hit by a quantum of gamma radiation, orbital electrons would recoil at
various angles and with varying energies, forming the nearly continuous
background of the beta spectrum. "The shorter the wavelength of the g -ray,
the more it is true that even inner electrons of the atom seem loosely bound.
... In the region of fast beta radiation in general, therefore, one would expect
only very weak lines against a continuous background. This is exactly what is
observed."[69] In her next paper Meitner discussed the magnitude of the
Compton effect and again concluded that it "makes itself evident, as | have
shown before, in the continuous b -spectrum of radioactive substances."[7°]

Having once again explained the continuous spectrum to her satisfaction,
Meitner returned to the question that interested her most: the beta-then-
gamma sequence of decay. If secondary electrons originated in the daughter
atom, as she believed, then gamma energy calculations would agree better if
ionization energies of the daughter, rather than the parent, were used.
Meitner turned to an alpha source first because parent and daughter differed
by two units of charge, making it easier to distinguish the possibilities.

In the spring of 1924, she retook the beta spectrum of radium (226 Ra),
[71] technically the most difficult of all beta spectra. Again Otto Hahn assisted;

great care was required to prevent radon (222 Rn) from fogging the
photographic plates and contaminating the apparatus and the entire
laboratory.

The spectrum showed three lines, with energy differences consistent with
origin in the K, L, and M shells. The gamma energies were calculated as
before, but the radium spectrum was quite blurred, and since the ionization
energies of radium and its daughter, radon, had never been measured but
had to be estimated, the experimental error was such that neither possibility
could be excluded.

Nevertheless, the experiment was not a complete failure. By determining
the gamma energy of an alpha emitter more precisely than had been

done before, Meitner showed that it was monochromatic and of sufficiently
high energy to prove its nuclear origin, "which again supports the position |
have emphasized, in opposition to C. D. Ellis, of the analogy between a - and
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b -decay."[72]
In a deeper sense, her analogy extended atomic quantization into the

nucleus. She was the first to clearly state that nuclear gamma emission was
entirely analogous to optical and x-ray spectra.

When an a - or b -particle flies out of the nucleus, a reorganization of the remaining
nuclear particles must set in. ... Quantum changes in nuclear configuration may occur
which give rise to monochromatic g -rays. ... The appearance of g -rays is, so to speak, a
measure of the magnitude of the disturbance in nuclear configuration, which has been
incurred by the ejection of a - or b -particles. ... The greater the disturbance of the
nucleus, the more numerous the possible energy transitions, i.e., the gamma spectrum
shows more lines, and in general extends to shorter wavelengths.[73]

However reasonable Meitner's analogies, actual proof of the decay
sequence still eluded her. In 1924, Ellis and H. W. B. Skinner measured the

spectrum of RaB (214 Pb) again and found better agreement using ionization
energies of the daughter atom (bismuth) rather than the parent (lead).[74]
Ellis struggled to fit the new data to his old interpretation, suggesting that
somehow the slowest radiation was "held until after the disintegration,”
perhaps because the "electronic levels had the power of holding absorbed
radiation for a finite time before emitting the electron."l”5] Meitner found this
"very hard to imagine. One can avoid this difficulty by recognizing that all g -
radiation follows beta decay, and therefore all secondary electrons come from
the daughter atom."[76]

Turning to another alpha emitter, she measured the beta spectrum of

radioactinium (227 Th), whose decay products actinium X (223 Ra) and
actinium active deposit were always present. The spectra were extremely
complex. To be certain all lines were visible, it was necessary to use strong

preparations, while taking care to prevent actinium emanation (219 Rn) from
fogging the plates. With Hahn's assistance she recorded nearly one hundred
spectra under varying conditions; the radioactinium spectrum consisted of 49
lines, actinium X had 21.77]

It took Meitner a year to analyze the spectra, but when she was done, her
calculations of gamma energies showed significantly better agreement when
ionization energies of the decay product rather than the parent were

— 94 —
used. She broadcast her success in the title of her article: "The g -Radiation of

the Actinium Series, and the Proof that g -Rays Are Emitted Only after
Radioactive Decay."[78]

Meitner submitted the article on 20 October 1925 and sent a copy to Ellis.
He had just obtained similar results of his own. He wrote,

I am so sorry to have been so long in answering your letter, but every day | hoped to have
some new reprints to send you. | particularly wanted to send them because | know you
would be pleased with the results. We have been at considerable trouble to settle the
question of whether the gamma-ray sometimes preceeds [sic ] the disintegration as |
deduced from Rutherford's and Andrade's measurements, or whether the simpler
standpoint advanced by you that the disintegration always happens first was correct. We
have had three different ways of testing this and they all show that the gamma rays come
out afterwards, so you were right![7°]

In a new and exceptionally precise measurement of several RaB lines, Ellis
and his student, W. A. Wooster, had confirmed that Meitner's sequence was
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true for beta decay as well.[80]

I cannot help feeling a little annoyed that we were led astray by that old experiment, and |
don't know yet what the error was. | have seen Andrade's old plates and measurements
and everything looks all right but yet there is little doubt that everything was really all
wrong. | am very pleased that this removes one "Streitfrage" [controversial question]
between us, but the other one over the nature of the continuous spectrum still remains. ...
The continuous spectrum does present very difficult problems, because | cannot see how
secondary effects like Compton scattering, excitation of characteristic radiation, or emission
of general radiation can produce a large enough effect. ... The position might be summed
up as follows, we both agree that once the disintegration electrons are outside the parent
atom they are already inhomogeneous in velocity. We both agree that a quantized nucleus
ought to give disintegration electrons of a definite speed, but whereas you think various
subsidiary effects are sufficiently large to produce the observed inhomogeneity, | think they
are much too small. That seems to be the only point of difference.[81]

For Ellis, the continuous beta spectrum was a Streitfrage , but to Meitner it
did not seem very controversial, or even very important. In her radioactinium
paper she dismissed it in a single paragraph: "All photographs ... show a
background. As radioactinium is an a -emitter, this definitely cannot be due to
continuously distributed primary beta particles ... but could be Compton
scattering of the gamma radiation by orbital electrons, as | have

stated in an earlier work."[82] Even before completing that study, she began

new experiments designed to probe the nucleus from a quite different
perspective.

With her work on beta and gamma spectra Meitner joined the first rank of
experimental physicists. For physics, the period was so rich in discovery that
it was, even at the time, referred to as a "golden age." Berlin was one of the
great centers for atomic physics, Meitner a leader in the newer and smaller
field of nuclear physics. It was her work, Otto Hahn would later note, more
than his own, that contributed to the growing international reputation of their
institute.[83]

Hahn stayed with the refinement of radiochemical techniques throughout
the 1920s, a time when the field was widely thought to have outlived its
usefulness for fundamental insight into atomic or nuclear behavior.[84]
Although Meitner's and Hahn's direct collaboration ended soon after the
protactinium discovery, they remained close colleagues and good friends. The
bonds became even stronger when Edith and Otto's only child, Johann Otto,
was born in 1922. "I am already incredibly eager to see your son,” Lise wrote
Otto from Vienna. "l am really very happy that the little boy has arrived so
nicely, and has not made it difficult for his mother. ... I send her a kiss, and
very hearty greetings to you."[8%] Here—after almost fifteen years—Lise was
using the familiar Du . Now little Hanno, as he was called, was her godson and
Otto was her Fachbruder , her colleague-brother.[86]

If the Hahns had become almost family for Meitner, the physics
community was her home. Her capacity for friendship was very strong. She
liked people of all ages and sorts: employees, students, colleagues, their
wives, children, and eventually grandchildren; she enjoyed the company of
families that were successful and inclusive, such as the Francks and Gustav
and Ellen Hertz, but she had no trouble adjusting to the much less traditional
marital arrangements of Annemarie and Erwin Schrodinger.[871 She often
formed individual friendships with the wives of her physicist friends: with Hedi
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Born, a talented poet, with Annemarie Schrédinger and Margrethe Bohr.
When she was with Max von Laue she would talk about Goethe, ancient
Greece, or his beloved car; with Max and Magda von Laue, she would go to
the movies and occasionally on weekend trips. With Arnold Berliner, the highly
cultured editor of Naturwissenschaften , she would discuss music and modern
physics; with Planck, everything. Among

her close women friends, besides Elisabeth Schiemann, was Eva von Bahr-
Bergius, a Swedish physicist who had spent some years in Berlin before the
war working under Heinrich Rubens and who would later be Meitner's closest
confidante in Sweden. In her travels and at conferences, Meitner made new
friends and kept them, grateful to physics for the people who were part of it.
She was far from the shy, almost fearful young woman who first arrived in
Berlin; although she never forgot her difficult start and occasionally relived
her old insecurity, she had left it mostly behind her. The mature Lise Meitner
was a confident and increasingly assertive person who was exactly where and
what she wanted to be: a physicist, among friends, in Berlin.

One of Berlin's attractions was the famous Wednesday colloquium, held in
the old university physics building by the Spree. For many years it was
organized by Laue, the front row traditionally taken by the great professors—
Einstein, Planck, Laue, Nernst, Haber—and the rows behind filled with others
not quite so distinguished—Meitner, Baeyer, Franck, Geiger, Hertz—and then
students, physicists from industry, and visitors from Germany and abroad.[88]

Niels Bohr first came to a Wednesday colloquium in April 1920. It was a
grand event; Bohr had never been to Berlin. He stayed with Planck, whom he
had not met before, and he met Einstein in person for the first time.
Afterward Einstein expressed his joy in Bohr's "mere presence," Bohr his
gratitude for his talks with Einstein, the "greatest experience” he ever had.
George de Hevesy reported that he had "never experienced an ovation similar
to that given to Bohr in Berlin. Young and old celebrated him with complete
conviction and enthusiasm."[8°]

At the colloquium Bohr lectured on atomic spectra and the correspondence
principle. Some of the younger physicists, including Lise Meitner, left his talk
feeling they had understood very little and also somewhat annoyed that the
professors had dominated the discussion.[90]

In this half-depressed and half-playful spirit, we decided to invite Bohr to spend a day in
Dahlem, but not to include in the party any physicists who were already professors. That
meant that | had to go to Planck and explain to him that we wanted to invite Bohr, who
[was staying] with Planck, but not Planck himself. In the same way [James] Franck had to
go to Professor Haber—because, after all, if we were going to have Bohr in Dahlem for the
whole day we wanted to give him something to eat—and ask Haber for the

use of his clubhouse for our discussion "without bigwigs" (bonzenfrei ), again stressing that
we did not want to invite Haber himself, as he was already a professor. Haber was not the
least put out. Instead he invited us all to his villa—this, you must remember, was the very
difficult period after Germany had lost the war and to get something to eat was rather
difficult in Dahlem. Haber only asked our permission to ask Einstein to lunch as well. We
spent several hours firing questions at Bohr, who was always full of generous good humor,
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and at lunch Haber tried to explain the meaning of the word "Bonze " (bigwig).[91]

A year later Meitner was in Copenhagen for the first time, to lecture in
Bohr's Institute for Theoretical Physics on her studies of beta-gamma spectra.
Despite its name, Bohr's institute always had an experimental section, and,
especially at that time, the unity of theoretical and experimental work was
emphasized. It was one of the many ways in which Bohr and Meitner thought
alike; on this visit they became close friends. Lise was full of admiration for
Bohr and charmed by Margrethe; she could speak to them "about everything
under the sun, whether grave or gay." And, she told Margrethe, it was
enormously reassuring to know that Bohr valued her work, for it helped her
overcome the insecurity that still sometimes afflicted her. Their friendship
would be intense and permanent, Lise never forgetting the "magic" of their
first meeting, "a magic which was only enhanced” on her many subsequent
visits to Bohr's institute and home.[°?]

In Germany, meanwhile, the political situation was poor, and the economy
disastrous. Following the war the value of the mark declined steadily; in 1922
it suddenly plunged by a factor of fifty. "In the last few months prices have
risen unbelievably fast," Lise wrote to her mother in October. "The winter will
be very hard. ... We are already freezing in the institute and at home."[93]
She was tired of her student room,[94 but an apartment and some furniture
were luxuries she could not afford.

No aspect of professional or private life was exempt from the inflation.
Scientific meetings were often poorly attended because participants could not
afford to travel to another city; as the inflation worsened, some lacked even
the carfare to cross Berlin.[°%] The finances of the Kaiser-Wilhelm-Gesellschaft
crumbled, institute budgets became meaningless, supplies and equipment
were borrowed or bartered.[®8] "Things seldom go as one would like," Lise
wrote to her brother Walter in March 1923. "Since Christmas my paper on the
beta spectrum [of UX, ] has been finished, but I am waiting to do a gamma

study [of UX] with Hahn, because the two papers would

go well together."[°7] The problem was obtaining enough uranium for the
strong UX preparations needed to measure gamma absorption; for months
Lise and Otto went around to factories asking for donations. In May 1923, "we
finally got 40 kg of uranium nitrate. Hahn and | have been working, even on
Sundays, to extract the UX."[°8] The UX, papers were finally published that
summer, and Meitner attempted no further experiments that year. Instead,
she reviewed theoretical studies of the interaction between gamma radiation
and electrons and devoted two articles to the importance of the Compton
effect for inhomogeneities in beta spectra.[®°]

In 1923 the mark plummeted by a factor of a thousand million. By
summer salaries were paid every week, later almost daily. Even so, Lise's
salary was astronomical. In August her paycheck "again came to thousands of
millions, which | again—anxiously—used up. | don't think we need to worry
about the Communists, but altogether things look very bad. It would be nice if
we could have a little money left over, instead of nervously calculating every
little purchase. One cigarette costs 50,000 marks."[100]

A month later prices were ten times higher.

There really is enough to eat, although the prices are completely crazy; a kilogram of
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margarine costs 30-40 million, one egg costs 1 1/2-2 million, etc. Personally | feel fine. ...
I myself don't mind if there is less to eat. It's much worse for ill people and children—no
milk, hardly any butter. In the laboratories the workshops are open only from 9-11 and 5-
7 because it's so cold.[10%]

That was in September: as always Lise was more distressed by cold than
lack of food. Every two weeks her mother sent a small package—coffee,
butter, sometimes a nutcake. "You shouldn't send so much. I still have coffee,
which | drink on Sundays. ... Sometimes | wish | had my own apartment but
of course at the moment that is out of the question. When one is over forty, a
little student room is not quite the right thing.” Nevertheless, she assured her
mother, "I am hardly suffering."[102]

It required effort just to cope with the volume of paper currency. Planck
and other professors could be seen leaving the university cashier with their
salaries stuffed into rucksacks and suitcases.[13] In the institute Meitner and
Hahn "devoted most of [their] time to acquiring and paying out salaries which
constantly increased in amount. Then all the employees would run out to
spend it as quickly as possible, as the buying power of the money could
decline markedly within a few hours."[194] In November, the worst

month of all, food riots broke out, the government in Berlin was threatened by
Communists, and National Socialists in Munich attempted a putsch against the
Bavarian government. Their leader was imprisoned just long enough to write
Mein Kampf and emerge a hero to his followers.[105]

That autumn Dirk Coster arranged Meitner's first visit to the Netherlands,
a 