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Lise Meitner and the Universe of Atoms is a new digital
theater production created, performed and co-written by
MIT astrophysicist Anna Frebel, produced by STEM on
Stage. 

The program features a living history portrayal of
physicist Lise Meitner, set on one day in Stockholm,
Sweden in early 1939. The filmed one-act play, 45 minutes,
tells the story of Meitner's discovery of nuclear fission. 

Frebel follows with a companion science talk, showing
how Meitner's discoveries connect directly to Frebel's own
research on stars and stellar archaeology, and to today's
frontiers in astrophysics. The audience then joins in with
questions and conversation, exploring the continuum of
scientific discovery, past, present, and future.

Lise Meitner and the Universe of Atoms is a production of
STEM on Stage, a humanities-based initiative exploring
the history of science and innovation through living
history, digital theater, and interactive media. 

This companion resource guide extends the digital theater
experience with additional resources and information. 

What if a modern scientist could portray a
historic moment of discovery — and then
connect it to the science of today?

This program is supported by the National Science
Foundation under grant AAG-2307436.
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P A R T  O N E

Living History 
& Digital Theater
Recreating scientific discovery on stage



"Life need not be easy, provided 
only that it is not empty.” 

– Lise Meitner
(1878 - 1968)
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Lise Meitner and the Universe of Atoms is a living history
presentation centered on Lise Meitner’s pioneering
scientific explanation of nuclear fission, one of the great
discoveries of modern physics.

Set on January 14, 1939, exiled in Stockholm after escaping
Germany, Meitner reflects on her journey from being a
curious child in Vienna to a groundbreaking theoretical
physicist in Berlin. She recounts her long collaboration with
chemist Otto Hahn and the puzzling experiments that
challenged everything scientists understood about the atom.

At the center of the story is Meitner’s Christmas 1938 walk in
the snow with her nephew, physicist Otto Robert Frisch. 

With scraps of paper, a pencil, and her knowledge of physics,
Meitner calculated what had seemed impossible: the uranium
nucleus had split. Meitner and Frisch soon published the
theoretical explanation and gave the process its name: nuclear
fission.

A story of scientific brilliance, courage, and discovery, The
Universe of Atoms reveals how Meitner helped transform our
understanding of matter itself.

S T E M  O N  S T A G E

Living History Theater

Living History Theater
Production Credits

 
Created & Performed by    

Anna Frebel 

Produced & Directed by 
 Jen Myronuk

Co-Written by 
 Anna Frebel & Jen Myronuk

Living History Scholar    
Susan Marie Frontczak
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Over the years on this production journey, I've been
asked: what is it like to portray a historic scientist?

As an astronomer, nuclear astrophysicist, and science
communicator working on the origins of the elements, I've been
able to draw on my position as a modern scientist to portray a
historic nuclear physicist with accuracy.

Lise Meitner's foundational work made possible the field of nuclear
astrophysics, and my own scientific work today: the quest to
understand the origins of the heaviest elements in the periodic
table.

Lise and I share this passion, though we take very different
approaches in two very different time periods. Lise Meitner and  

A R T I S T ’ S  S T A T E M E N T

Performing Science

Anna Frebel, PhD.

Anna Frebel, Creator, Performer & Co-Writer
Lise Meitner and the Universe of Atoms
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the Universe of Atoms is our way of sharing the scientific method: grounded in facts,
driven by the excitement of real discovery, the kind of research that's accessible, and
enjoyable, for everyone.

The play spans the distance between past and present, showing science as a communal,
peer-reviewed enterprise that builds on the work of earlier generations.

Above all, I want to make science and scientists approachable. I'm inviting you, the
audience of every age, to imagine such work for yourself, so you can say, "I could be a
scientist, too."

Whether it marks the start of a scientific path or simply a deeper understanding of how
science works, I hope everyone comes away from this digital theater performance having
stood just a little closer to a moment of human discovery.



H O W  I T  B E G A N

Background 

During 2025, Frebel and Myronuk co-wrote a new, extended script designed for filming the
play as digital theater. STEM on Stage produced a live preview performance at The Foundry
Cambridge on March 14, 2025 in celebration of Pi Day. 
 

Live preview performance and science talk on March 14, 2025 at The Foundry in Cambridge, MA.

S E L E C T E D  W O R K - I N - P R O G R E S S  P E R F O R M A N C E S  O F  “ P U R S U I T  O F  D I S C O V E R Y ”

NerdNite, Washington, DC – Oct 2017

Cambridge Science Festival, MA – Apr 2018

Cambridge Science Festival, MA – Apr 2024

SciTech Museum, Perth, Australia – Dec 2017

Auburn University, Auburn, AL – Apr 2023

The Foundry, Cambridge, MA – Mar 2025

The inspiration for this production began with a different
scientist entirely. In 2016, Anna Frebel attended scholar
and playwright Susan Marie Frontczak's living history
portrayal of Marie Curie in Humanity Needs Dreamers: A
Visit With Marie Curie at the Cambridge Science Festival. 

Intrigued by this form of storytelling, Frebel later
approached Frontczak and producer/director Myronuk if
another pioneering nuclear physicist of the same era
could be portrayed: Lise Meitner. 

Encouraged to take on the role herself, Frebel and Myronuk co-wrote a 15-minute living
history monologue set in early 1939. Produced by STEM on Stage under the name Pursuit of
Discovery, Frebel performed the short play live by reading Meitner's recreated letters and lab
books. Several public events were produced from 2017 to 2025 as a work-in-progress.

Susan Marie Frontczak and Anna
Frebel, Cambridge Science Festival,
2016
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I N  T H E  S T U D I O

Video Production

During Fall of 2025, the Lise Meitner production was brought
into the studio for taping. 

Led by producer and director Jen Myronuk, the filmed
production featured the same materials that shaped Meitner's
own world —her many letters and her lab books— capturing
Frebel's performance while preserving the accuracy and
immediacy of Meitner's voice. 

Rather than a single filmed recording of a stage play, the in-
studio production at ACMi Studios was specifically designed as
digital theater. In lieu of memorizing a script, Anna Frebel was
assisted by two teleprompters while performing. This unique
approach allows a scientist to step into a history role with
confidence and success. 

In studio taping of the production in October 2025 at ACMi Studios in
Arlington, MA. The production integrated the use of letters, lab books and
teleprompters to support Frebel’s portrayal of Lise Meitner. 

Anna Frebel on set with
producer & director Jen
Myronuk.
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Anna Frebel on set; Meitner’s
letters and lab books on a table.



E V E N T  ·  N O V E M B E R  8 ,  2 0 2 5

Debut Screening at MIT

Debut of Lise Meitner and the Universe of Atoms and science talk, hosted at MIT, on November 8, 2025.

The debut digital theater screening of Lise Meitner and the
Universe of Atoms, followed by Anna Frebel's live science talk, was
hosted by the MIT Kavli Institute for Astrophysics and Space
Research on November 8, 2025, in Cambridge, Massachusetts.

This presentation also celebrated the shared birthday of Lise
Meitner and Marie Curie, who were both born on November
7th, eleven years apart — in 1878 and 1867, respectively.
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Biography: 
Physicist Lise Meitner
1878 - 1968

P A R T  T W O



1938 Becomes stateless after the annexing of Austria and targeted for
being Jewish, Meitner barely escapes Germany, exiled to
Stockholm, Sweden.

1938 Calculates and discovers nuclear fission with nephew Otto
Robert Frisch over Christmas in Kungälv.

1905 Earns a physics doctorate at the University of Vienna, only the second
woman to do so.

1907 Moves to Berlin; begins her collaboration with Otto Hahn.

1917 Co-discovers the element protactinium (element 91) with Hahn.

1926 Becomes the first woman in Germany to hold a full
professorship in physics.

1878 Born  November 7th in Vienna, third of eight children in a large
Jewish family.

1939 Meitner and Frisch publish their explanation in Nature naming
the process “fission.”

1944 The Nobel Prize in Chemistry goes to Hahn alone; Meitner is
omitted.

1966 Shares the U.S. Fermi Award with Hahn and Strassmann.

1968 Dies on October 27th in Cambridge, England, aged 89.

1997 Element 109 is named meitnerium in her honor.

B I O G R A P H Y

Timeline 

I N  H E R  O W N  W O R D S

“Science makes people reach selflessly for truth and
objectivity; it teaches people to accept reality, with
wonder and admiration, not to mention the deep
awe and joy that the natural order of things brings
to the true scientist.” – Lise Meitner
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A young Lise Meitner

Lise Meitner, circa 1960s

Portrait of Lise Meitner 



B I O G R A P H Y

Lise Meitner

Vienna: An early love of learning
Elise “Lise” Meitner was born in Vienna on November 7,
1878, the third of eight children in a cultured, freethinking
Jewish family that shared a love of books, music, and
learning. Her father, one of the first Jewish lawyers
admitted to practice in Austria, encouraged all of his
children—sons and daughters—to think for themselves.

But curiosity alone could not open doors. Girls were
banned from further study, and their formal education
ended at fourteen. Meitners path to physics did not open
until she was in her 20s when Austria admitted women to
its universities. 

At 23, she entered the University of Vienna in 1901 and devoted herself entirely to science.
She chose to study under the renowned theoretical physicist Ludwig Boltzmann whose
lectures she called “the most beautiful and stimulating” she ever heard. In 1905, she
became only the second woman to earn a doctorate in physics.

Berlin: Finding her scientific home 
Radioactivity was an exciting new frontier at the time. Inspired by the discoveries of Marie
and Pierre Curie, and the Vienna guest lectures by Max Planck, Meitner moved to Berlin in
1907. She set out to join the growing scientific community in Germany, intending to stay
only for a limited time. But instead, Berlin became her new adopted home for the next
thirty years. In Berlin, as a physicist, she began a lifelong collaboration with the chemist
Otto Hahn. Finally, in 1912, Meitner received her first salaried post, at the newly founded
Kaiser Wilhelm Institute for Chemistry. 

Lise Meitner as a young woman
studying at the University of Vienna.
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Meitner compressed eight years of university preparation into two years of intense private
study in order to take the university entrance examination. Of the fourteen young women
who took it, only four passed, Meitner among them.



B I O G R A P H Y  ( C O N T I N U E D )

Stockholm: Escape into exile 
When Germany annexed Austria in March 1938, she became stateless. As a scientist of
Jewish descent, she was now in danger and forbidden to travel. She was urged to leave to
Berlin. 

In July 1938, with the quiet help of Dutch and Danish colleagues, she escaped across the
border into the Netherlands carrying little more than hand luggage. She eventually
reached Stockholm as a scientist in exile. At nearly 60 years old, she was forced to rebuild
her life and research.

Kungälv: The walk in the snow
Her scientific collaboration with Hahn continued through frequent letters. For several
years, they had been bombarding uranium with neutrons, searching for new elements
heavier than uranium, the transuranian elements.

In December 1938, Hahn and the chemist Fritz Strassmann found something in Berlin
they could not explain: their experiments pointed not to a heavier element but to barium,
barely half the mass of uranium. It seemed impossible. Baffled, Hahn wrote to Meitner in
Stockholm: “Perhaps you can suggest some fantastical explanation.”

During the First World War, she served as
an X-ray technician in field hospitals.
When she returned to the laboratory,
while the Great War continued, Meitner
and Hahn identified a new element in
1917. Protactinium—element 91— which
filled a long-empty gap in the Periodic
Table. 

In recognition of this discovery, in 1926,
Meitner became the first woman in
Germany to hold a full professorship in
physics.

Lise Meitner in her Berlin laboratory.
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B I O G R A P H Y  ( C O N T I N U E D )

Over her Christmas
vacation in the Swedish
village of Kungälv,
Meitner puzzled over
Hahn’s letter, together
with her nephew, the
young physicist Otto
Robert Frisch. 

On a morning walk
together in the snow,
answers took shape
between them. 

Meitner calculated how
the uranium atom had
split into barium and
krypton. 

Meitner, Lise, and Frisch, O. R., 1939, Nature. “Disintegration of Uranium
by Neutrons: A New Type of Nuclear Reaction.” 

They realized the enormous energy released came from the mass lost in the process, a
difference they could account for using Einstein's famous equation relating mass and
energy. When Meitner and Frisch wrote up the explanation, they borrowed a term from
biology — from the way a living cell divides — and called it "fission." Their short paper
appeared in the British journal Nature on February 11, 1939, giving the world both the
physics and the name of nuclear fission.

Within weeks, laboratories around the world had confirmed it, and Meitner and Frisch
followed up with a second paper reporting the experimental evidence behind their theory
that Frisch had obtained in his lab. Together, these two papers turned a puzzling laboratory
anomaly into an established physical process, laying the theoretical groundwork for
continued research.
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R E C O G N I T I O N  A N D  L E G A C Y

Lise Meitner was sixty years old when she
explained nuclear fission, an achievement
made in exile, cut off from her laboratory
and her life’s work in Berlin. She remained
in Sweden in the years that followed,
continuing her research under difficult
conditions.

Full recognition, however, eluded her. In
1944 the Nobel Prize in Chemistry was
awarded to Otto Hahn alone for the
discovery of fission, despite their decades
of partnership and their joint nominations.
Meitner, who had supplied the physical
explanation of what Hahn’s chemistry
experiments had found, did not share it.

Over her lifetime, she was nominated for
the Nobel Prize 49 times (30 for physics and
19 for chemistry), yet she was never
selected. It stands among the most 

Lise Meitner, lecturing at Catholic University, 
Washington, D.C., 1946.

discussed omissions in the history of the Prize.

Honor came in other forms. In 1946, she traveled to the United States, where the Women’s
National Press Club named her Woman of the Year, an award presented at a dinner
attended by President Truman. She spent a semester as a visiting professor in
Washington, D.C., and toured prominent universities along the East Coast, lecturing to
packed halls and mentoring and advising younger scientists.

In 1949, she received the Max Planck Medal, Germany’s highest award in theoretical
physics, together with Hahn. In 1966, the United States presented her with the Enrico
Fermi Award, shared with Hahn and Fritz Strassmann. She was the first woman ever to
receive it.
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“Lise Meitner: a physicist 
who never lost her humanity.”

H E R  E P I T A P H ,  
W R I T T E N  B Y  O T T O  R O B E R T  F R I S C H

Recognition and Legacy
In 1960, at the age of 81, she moved to
Cambridge, England, to be near her
nephew, physicist Otto Robert Frisch,
with whom she had gone on that
Christmas walk in the snow and who
was now a professor at Trinity College.

Meitner died on October 27, 1968, just
days short of her 90th birthday. Frisch
chose the words carved on her
gravestone: “Lise Meitner: a physicist
who never lost her humanity.” 

In 1997, the newly created synthetic element 109 was named Meitnerium (Mt) in her honor.
Only two women, Meitner and Marie Curie, have since had their names written into the
periodic table.

In 2023, decades after her death, astronomers found the first evidence of nuclear fission
occurring in nature. By analyzing the abundances of heavy elements in ancient stars, they
identified a signature of fission fragments produced during a heavy element production
event when two neutron stars merged.

The process Meitner explained on a scrap of paper in the Swedish snow continues to
contribute to our understanding of heavy element formation in the universe.

Lise Meitner mentoring young scientists.
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P A R T  T H R E E

Behind the Science:
Nuclear Fission
What fission is and how Lise Meitner explained it



T H E  S C I E N C E

Meitner's Discovery: Nuclear Fission

Lise Meitner and Otto Hahn set out to
discover elements heavier than Uranium.
They wanted to understand why such
heavy elements had not yet been found.

In their experiments, they bombarded
Uranium, consisting of 92 protons and
146 neutrons, with neutrons in the hopes
of creating even heavier,  “trans-uranian”
elements. 

Rather, Hahn found the lighter element
Barium to be the outcome – a puzzling
observation. 

When Meitner, together with her nephew
Otto Robert Frisch, explained how and
why Barium was, in fact, the correct
result, she had discovered fission. 

Nuclear fission is the process when a heavy atomic nucleus splits into two lighter ones and
releases a large burst of energy. 

Instead of a new stable heavy element, they encountered a natural limitation: elements
heavier than Uranium are simply too large to be stable, and hence, cannot exist like the
other known elements. 

Following this discovery, Meitner, immediately predicted that Krypton should also be made
in the fission process. The subsequent experimental observation of Krypton by Frisch
confirmed Meitner’s breakthrough explanation and that heavy elements must split into two
lighter nuclei. 

Lise Meitner and Otto Hahn in a laboratory at Emil
Fischer’s Chemistry Institute in Berlin. 1909. Visual: The
Papers of Lise Meitner, Churchill Archives Centre.
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A Fantastical Explanation

During her walk in the snow with Frisch, Meitner pictured the nucleus as a liquid droplet,
an idea put forward by Niels Bohr. According to Bohr's model, an atomic nucleus is not solid
but fluid, held together like a drop of water by surface tension. When bombarded by a
neutron, such a drop can elongate, wobble, and eventually divide in two.

She then considered the electric charge of uranium and how it could affect the stability of
the nucleus upon bombardment. The atomic number, set by the number of protons, defines
the nucleus's charge, since protons are positively charged. That charge drives the electrical
repulsion straining against the surface tension holding the nucleus together.

143 Neutrons
92 Protons

n

48 n
31 p

93 n
61 p

n

n

Uranium-
235 Nucleus

Droplet
wobbles

Repulsion... ...wins

The electric charge of 92 protons is so large that it nearly overcomes
the surface tension, making a uranium nucleus barely stable. Any
small change would make it unstable, which is what occurs when just a
single neutron is added. Even though a neutron brings no extra charge,
it does add energy, making the nucleus wobble violently. 

As a result, the unstable nucleus divides into two smaller, stable nuclei.  
These calculations had been suggested before, but something had been
missing.

Bombarding uranium-235 with a neutron, and how the nucleus splits
into lighter nuclei as a result.

What Meitner realized is that
the masses of the nuclei
needed to be considered. 
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She invoked an empirical formula for calculating nuclear masses that relates a nucleus'
size, charge, and the forces that bind it together. The task at hand was to compare the mass
of uranium with the combined mass of barium and a plausible second fragment, for which
she chose Krypton.

This led to her immediate prediction: when a Uranium nucleus with 92 protons divides into
two parts, and one of them is Barium with 56 protons, then the leftover nucleus must have
36 protons, Krypton. 

The proof came about two weeks later, when Frisch indeed observed Krypton in his
university physics lab in Denmark. The uranium nucleus had split, and energy was
produced. 

Meitner showed that just one such fission reaction yields the enormous amount of energy
of 200 Mega electron Volts (MeV) – by atomic standards. For comparison, the energy
released by a single chemical reaction is 1 to 5 electron Volts (eV) per molecule or atom.

With her calculation came the realization that stable heavier elements could simply not
exist in nature. 

The total mass of Barium and Krypton
was a tiny bit less than that of
uranium.

Using Einstein's equation E = mc², she
could convert that small mass
difference into energy. 

The mass was not lost; it was
transformed into energy.

Uranium-235 weighs slightly more than Barium-
141, Krypton-92 and two neutrons combined.

"No one really thought of fission before its discovery." – Lise Meitner

n n
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P A R T  F O U R

Science Talk: 
Cosmic Origins of the Elements
Where does nuclear fission occur in the universe?



A N N A  F R E B E L ' S  R E S E A R C H

Stellar Archaeology

While nuclear astrophysics investigates the physical processes that create the elements,
stellar archaeology seeks to uncover when 
and where those processes occurred in the 
early universe. This is Professor Anna 
Frebel's research, based on spectroscopic 
data obtained with the world's largest 
telescopes.

The oldest stars in the Milky Way are nearly as old as the universe itself. Formed about 12–
13 billion years ago, these ancient stars preserve in their atmospheres the chemical
composition of the gas clouds from which they were born. Like fossils embedded in rock
layers, they provide a direct record of the nucleosynthesis events that produced elements
within the first billion years after the Big Bang.

By dispersing starlight into a spectrum, astronomers can measure the abundances of
dozens of chemical elements in stars. In this way, the oldest stars serve as cosmic time
capsules, allowing us to reconstruct the earliest chapters of chemical evolution.

Frebel's research focuses on discovering and analyzing these ancient stellar relics,
identifying the first generations of stars, understanding the origin of the heaviest elements,
and tracing how the Milky Way was chemically enriched and assembled  over cosmic time.



S C I E N C E  T A L K  

Nuclear Astrophysics

A century ago, scientists such as Marie Curie and Lise Meitner asked what the heaviest
elements could be and where they might come from.

Today it is known that uranium is the heaviest long-lived element. Everything heavier
simply cannot be held together by the forces that govern the atomic nucleus. The question
remains: where do the heavy elements –from Gallium to Uranium– in the bottom half of
the Periodic Table come from?

The field of nuclear astrophysics seeks to connect the smallest scales –atoms– with the
largest –stars and galaxies– to understand how all the chemical elements are created across
the universe. Current research focuses on how atomic nuclei collide  and react with each 
                  other inside stars, supernova explosions, and neutron star mergers. It is
                            in these energetic astrophysical sites that  
                                       all the elements from carbon to 
                                                uranium are forged.
                                    

The field of nuclear astrophysics seeks to connect the
smallest scales, atoms, with the largest, stars and

galaxies, to understand how all the chemical elements
are created across the universe.

Periodic Table of
the elements.
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S C I E N C E  T A L K

How Elements Are Formed

Lighter elements up to iron are made through fusion processes in the
cores of stars during their lives and when they explode as supernovae.
Energy is gained by fusing two lighter nuclei into one heavier one. 

This is where Professor Anna Frebel picks up Meitner's thread: by
studying the  elemental compositions preserved in the oldest stars,
she traces where and how these elements were created in the early
universe. It is the origin of the “star stuff” we are all made from. 

By combining astronomical telescope observations, laboratory accelerator experiments,
and theoretical nucleosynthesis calculations, physicists and astronomers continue in
Meitner’s quest to learn about elements and their formation across the cosmos.  

The twin Magellan telescopes in
Chile, each equipped with a 6.5
meter mirror. The bright center of
the Milky Way towers above the
telescopes. The bright spots on the
left telescopes are star light
reflections.

Neutron-capture to build
up heavier elements.

Fusion of lighter nuclei
leads to heavier elements. 

Fusing any of the heavier elements beyond Iron, including Silver,
Gold, Platinum, and all the way to Uranium, would require energy.
Instead, they are build up, within seconds, when existing nuclei are
bombarded with countless neutrons. This rapid (r-) neutron-capture
process occurs in merging neutron stars when a strong neutron flux
occurs during the collision. Fission plays a role: arbitrarily heavy
stable elements cannot   be made, so fission enforces the limits of
stable element creation.

n

n

p

p

p
p

p

p
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When two small, dense orbiting neutron stars collide, an enormous amount of neutrons
are set free. Existing lighter nuclei are bombarded with neutrons so quickly that, within
seconds, extremely neutron-rich, unstable nuclei are built up. Once the neutron flux
stops, these nuclei decay into stable atoms, releasing energy in the form of fast photons.
That leads to a powerful glowing aftermath – observed by astronomers as a so-called
Kilonova that shines for several weeks. 

During the collision, the heaviest neutron-rich nuclei do exactly what Meitner described:
they split. Not just one nucleus is splitting, but astronomical numbers of them. The
merger itself marks one of the most extremes cosmic explosions and fission shapes the
production of certain lighter stable elements.  

In 2023, a team of astronomers around Anna Frebel found the fingerprints of fission
written in ancient stars. Studying the heavy-element abundances of old stars that formed
from gas previously enriched by one of these neutron star mergers, the team identified a
distinctive pattern for the first time: certain element abundances were slightly larger than
anticipated. 

S C I E N C E  T A L K  

Signature of Nuclear Fission, Found in Stars

In 1939, Lise Meitner explained a process nobody had imagined: that a heavy nucleus
could split into two pieces. In the decades since, fission has been studied in laboratories
and reactors here on Earth to better understand its conditions and consequences. But in
the cosmos, it turns out, fission has been operating all along, as part of the rapid (r-)
process that creates the heaviest elements in the Periodic Table.

Meitner's discovery, calculated with just a pencil on a
walk in the snow, is not a closed chapter. Th﻿e story of
the heaviest elements is still unfolding, most recently
in the light of stars nearly as old as the universe.
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Comparison of elemental
abundance data of 42
ancient stars with fission
model predictions. The
abundances of Ru, Eh, Pd,
Ag, and Cd are slightly
higher than the baseline
model (green line)
suggests. This excess has
been modeled with a
fission contribution
(orange lines) which
matches the data. 

Figure taken from
Roederer et al., “Element
abundance patterns in
stars indicate fission of
nuclei heavier than
uranium,” 2023,  Science
382, 1177

S C I E N C E  T A L K  

Element Abundance Patterns in Stars

Using very detailed spectroscopic data from the Hubble Space Telescope, the astronomers
found a small observed excess of the elements Ruthenium (Z=44), Rhenium (Z=45),
Palladium (Z=46), Silver (Z=47) and Cadmium (Z=48). The little “extra” in the abundances of
these elements, implies that a process in addition to the contribution from the direct r-
process must have contributed those elements to the stars' birth gas cloud. 

The astronomers then theoretically modeled the effects of fission as part of the r-process
and the production of heavy elements. The excess is consistent with these elements being
fission fragments of nuclei heavier than uranium. 

This marks the first evidence that fission is naturally occurring in stars. It also contributes
to our understanding of how each element is made across the universe.
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F O R  A U D I E N C E S  &  C L A S S R O O M S

Group Discussion Topics

Use these prompts after the screening, in class, or at the kitchen table – in
small groups or by yourself. There are no single right answers; the goal is to
think, discuss and collaborate to explore the inquiry itself.

1  ·  T H E  A N A L O G Y

Meitner compared the nucleus to a
wobbling drop of liquid. Why is a good
analogy so useful in science? Where
does this one break down?

3  ·  L E T T E R S  A S  L A B O R A T O R Y

Meitner solved the puzzle by post,
hundreds of miles away from the
experiment. What does that tell you
about how science actually gets done?

2  ·  C R E D I T  A N D  F A I R N E S S

Meitner was left off the Nobel Prize for
a discovery she helped make. Why does
it matter who gets credit in science?
Who might be overlooked today?

4  ·  P A S T  A N D  P R E S E N T

A modern scientist plays a historic one.
What can a working physicist teach you
about Meitner that a professional actor
might not be able to show you?

Explore More: Activities

Find Meitnerium Look up element 109 in the Periodic Table. Note its
neighbors, every one of them named for a person or a place.
What are their stories? Whose names are missing?

Weigh the
difference

Look up the masses of Uranium-235, Barium-141 and Krypton-92.
Add the masses of the fragments, subtract them from the Uranium
mass. The difference times c² is the energy Meitner calculated.

Read the gold in
your hand

Find one gold or silver object nearby. Every atom in it was
forged in a neutron star collision billions of years ago. Share
this cosmic journey with family and friends. 

28



B I B L I O G R A P H Y  

Further Resources 

Bibliography

Conkling, Winifred. Radioactive! How Irène Curie and Lise Meitner Revolutionized Science and
Changed the World. Algonquin Young Readers, 2016.

Moss, Marissa. The Woman Who Split the Atom: The Life of Lise Meitner. Abrams Books for
Young Readers, 2022.

Rife, Patricia. Lise Meitner and the Dawn of the Nuclear Age. Birkhäuser, 1999.

Sime, Ruth Lewin. Lise Meitner: A Life in Physics. University of California Press, 1996.

Selected Articles

Crawford, Elisabeth, Ruth Lewin Sime, and Mark Walker. “A Nobel Tale of Wartime Injustice.”
Nature 382 (1996): 393–395. 

Meitner, Lise, and O. R. Frisch. “Disintegration of Uranium by Neutrons: A New Type of Nuclear
Reaction.” Nature 143 (1939): 239–240. 

Meitner, Lise, and O. R. Frisch. “Products of the Fission of the Uranium Nucleus.” Nature 143
(1939): 471–472.  

Sime, Ruth Lewin. “Lise Meitner and the Discovery of Fission.” Journal of Chemical Education
66, no. 5 (1989): 373–376. 

Sime, Ruth Lewin. “Lise Meitner’s Escape from Germany.” American Journal of Physics 58,
no. 3 (1990): 262–267. 

Sime, Ruth Lewin. “Lise Meitner and the Discovery of Fission.” Physics Today 68, no. 10 (2015). 

29



C R E A T O R ,  P E R F O R M E R  &  C O - W R I T E R   

Anna Frebel

Frebel has received numerous honors and awards including the 2010 Annie Jump Cannon
Award (American Astronomical Society), a 2013 CAREER Award from the National Science
Foundation, and in 2016 she was named one of ScienceNews Magazine’s “Ten Scientists to
Watch”. In 2022, she was elected Fellow of the American Physical Society. She was
promoted to Associate Professor with tenure in 2018 and to full Professor in 2022. 
 
Frebel has authored more than 200 papers in various refereed journals, including Nature
and Science. She enjoys communicating science to the public through regular public
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	In recognition of this discovery, in 1926, Meitner became the first woman in Germany to hold a full professorship in physics.
	Stockholm: Escape into exile  When Germany annexed Austria in March 1938, she became stateless. As a scientist of Jewish descent, she was now in danger and forbidden to travel. She was urged to leave to Berlin.
	In July 1938, with the quiet help of Dutch and Danish colleagues, she escaped across the border into the Netherlands carrying little more than hand luggage. She eventually reached Stockholm as a scientist in exile. At nearly 60 years old, she was forced to rebuild her life and research.
	Kungälv: The walk in the snow Her scientific collaboration with Hahn continued through frequent letters. For several years, they had been bombarding uranium with neutrons, searching for new elements heavier than uranium, the transuranian elements.
	In December 1938, Hahn and the chemist Fritz Strassmann found something in Berlin they could not explain: their experiments pointed not to a heavier element but to barium, barely half the mass of uranium. It seemed impossible. Baffled, Hahn wrote to Meitner in Stockholm: “Perhaps you can suggest some fantastical explanation.”

	BIOGRAPHY (CONTINUED)
	Over her Christmas vacation in the Swedish village of Kungälv, Meitner puzzled over Hahn’s letter, together with her nephew, the young physicist Otto Robert Frisch.
	On a morning walk together in the snow, answers took shape between them.
	Meitner calculated how the uranium atom had split into barium and krypton.
	They realized the enormous energy released came from the mass lost in the process, a difference they could account for using Einstein's famous equation relating mass and energy. When Meitner and Frisch wrote up the explanation, they borrowed a term from biology — from the way a living cell divides — and called it "fission." Their short paper appeared in the British journal Nature on February 11, 1939, giving the world both the physics and the name of nuclear fission.
	Within weeks, laboratories around the world had confirmed it, and Meitner and Frisch followed up with a second paper reporting the experimental evidence behind their theory that Frisch had obtained in his lab. Together, these two papers turned a puzzling laboratory anomaly into an established physical process, laying the theoretical groundwork for continued research.
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	Recognition and Legacy
	Lise Meitner was sixty years old when she explained nuclear fission, an achievement made in exile, cut off from her laboratory and her life’s work in Berlin. She remained in Sweden in the years that followed, continuing her research under difficult conditions.
	Full recognition, however, eluded her. In 1944 the Nobel Prize in Chemistry was awarded to Otto Hahn alone for the discovery of fission, despite their decades of partnership and their joint nominations. Meitner, who had supplied the physical explanation of what Hahn’s chemistry experiments had found, did not share it.
	Over her lifetime, she was nominated for the Nobel Prize 49 times (30 for physics and 19 for chemistry), yet she was never selected. It stands among the most
	discussed omissions in the history of the Prize.
	Honor came in other forms. In 1946, she traveled to the United States, where the Women’s National Press Club named her Woman of the Year, an award presented at a dinner attended by President Truman. She spent a semester as a visiting professor in Washington, D.C., and toured prominent universities along the East Coast, lecturing to packed halls and mentoring and advising younger scientists.
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	Recognition and Legacy
	In 1960, at the age of 81, she moved to Cambridge, England, to be near her nephew, physicist Otto Robert Frisch, with whom she had gone on that Christmas walk in the snow and who was now a professor at Trinity College.
	Meitner died on October 27, 1968, just days short of her 90th birthday. Frisch chose the words carved on her gravestone: “Lise Meitner: a physicist who never lost her humanity.”
	In 1997, the newly created synthetic element 109 was named Meitnerium (Mt) in her honor. Only two women, Meitner and Marie Curie, have since had their names written into the periodic table.
	In 2023, decades after her death, astronomers found the first evidence of nuclear fission occurring in nature. By analyzing the abundances of heavy elements in ancient stars, they identified a signature of fission fragments produced during a heavy element production event when two neutron stars merged.
	The process Meitner explained on a scrap of paper in the Swedish snow continues to contribute to our understanding of heavy element formation in the universe.
	“Lise Meitner: a physicist  who never lost her humanity.”
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	What fission is and how Lise Meitner explained it

	Science Talk:  Cosmic Origins of the Elements
	Where does nuclear fission occur in the universe?
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	Stellar Archaeology
	SCIENCE TALK

	Nuclear Astrophysics
	A century ago, scientists such as Marie Curie and Lise Meitner asked what the heaviest elements could be and where they might come from.
	Today it is known that uranium is the heaviest long-lived element. Everything heavier simply cannot be held together by the forces that govern the atomic nucleus. The question remains: where do the heavy elements –from Gallium to Uranium– in the bottom half of the Periodic Table come from?
	The field of nuclear astrophysics seeks to connect the smallest scales –atoms– with the largest –stars and galaxies– to understand how all the chemical elements are created across the universe. Current research focuses on how atomic nuclei collide  and react with each                    other inside stars, supernova explosions, and neutron star mergers. It is                             in these energetic astrophysical sites that                                          all the elements from carbon to                                                  uranium are forged.
	The field of nuclear astrophysics seeks to connect the smallest scales, atoms, with the largest, stars and galaxies, to understand how all the chemical elements are created across the universe.
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	How Elements Are Formed
	Lighter elements up to iron are made through fusion processes in the cores of stars during their lives and when they explode as supernovae. Energy is gained by fusing two lighter nuclei into one heavier one.
	Fusing any of the heavier elements beyond Iron, including Silver, Gold, Platinum, and all the way to Uranium, would require energy. Instead, they are build up, within seconds, when existing nuclei are bombarded with countless neutrons. This rapid (r-) neutron-capture process occurs in merging neutron stars when a strong neutron flux occurs during the collision. Fission plays a role: arbitrarily heavy stable elements cannot   be made, so fission enforces the limits of stable element creation.
	This is where Professor Anna Frebel picks up Meitner's thread: by studying the  elemental compositions preserved in the oldest stars, she traces where and how these elements were created in the early universe. It is the origin of the “star stuff” we are all made from.
	By combining astronomical telescope observations, laboratory accelerator experiments, and theoretical nucleosynthesis calculations, physicists and astronomers continue in Meitner’s quest to learn about elements and their formation across the cosmos.
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	Signature of Nuclear Fission, Found in Stars
	Meitner's discovery, calculated with just a pencil on a walk in the snow, is not a closed chapter. Th﻿e story of the heaviest elements is still unfolding, most recently in the light of stars nearly as old as the universe.
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	Element Abundance Patterns in Stars
	Using very detailed spectroscopic data from the Hubble Space Telescope, the astronomers found a small observed excess of the elements Ruthenium (Z=44), Rhenium (Z=45), Palladium (Z=46), Silver (Z=47) and Cadmium (Z=48). The little “extra” in the abundances of these elements, implies that a process in addition to the contribution from the direct r-process must have contributed those elements to the stars' birth gas cloud.
	The astronomers then theoretically modeled the effects of fission as part of the r-process and the production of heavy elements. The excess is consistent with these elements being fission fragments of nuclei heavier than uranium.
	This marks the first evidence that fission is naturally occurring in stars. It also contributes to our understanding of how each element is made across the universe.
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	Weigh the difference
	Read the gold in your hand
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	Look up element 109 in the Periodic Table. Note its neighbors, every one of them named for a person or a place. What are their stories? Whose names are missing?
	Look up the masses of Uranium-235, Barium-141 and Krypton-92. Add the masses of the fragments, subtract them from the Uranium mass. The difference times c² is the energy Meitner calculated.
	Find one gold or silver object nearby. Every atom in it was forged in a neutron star collision billions of years ago. Share this cosmic journey with family and friends.
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