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The splitting of atoms, also known as nuclear fission, produces

radiation and radioactivity. Dr Lise Meitner discovered how

radioactivity could be produced in 1939. She found that firing a small

particle called a neutron into another atom could cause radiation

to be released. Radioactive atoms created in this way can be useful

for detecting cancer or checking whether the body’s organs are

working properly.When radioactive atoms are injected into the blood

of a patient, they travel through the body and release radiation that

can be detected using special cameras, creating images or videos

of the body’s tissues. In this way, radiation helps doctors to better

diagnose and treat patients. Unfortunately, Dr Meitner faced many

obstacles and was never credited o�cially for her key discovery of

nuclear fission.
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Figure 1

Figure 1

The structure of an
atom. Atoms consist of
a nucleus surrounded
by negatively charged
electrons. Protons
(positively charged) and
neutrons (no charge)
are found within the
nucleus (Figure created
with BioRender.com).

ATOMS AND NUCLEAR REACTIONS

Everything and everyone we see in the world around us is made of tiny
atoms. Within the center of every atom is the nucleus, containing even

ATOM

These are the small
particles, containing a
nucleus and electrons,
which make up
everything in the
universe, including
humans, food, trees,
and buildings.

smaller particles called neutrons and protons (Figure 1). Negatively
charged electrons constantly move around the nucleus. Electrons
are attracted to protons in the nucleus, which are positively charged,
similar to the way magnets are attracted to each other. Electrons also
allow bonds to form between individual atoms, creating molecules
[1]1 . Nuclear reactions refer to reactions that happen in an atom’s

1 For more
information on
Nuclear Physics, see
http://nupex.eu/

nucleus. Nuclear reactions can produce certain kinds of energy or new
radioactive atoms, which have many uses in medicine. These energies
are known as radiation, because the energy “radiates” from the atom,

RADIATION

The release of energy
from a (radioactive)
source in the form of
waves, beams,
or particles.

just like heat radiates from the sun or a radiator to you.

NUCLEAR FISSION AND RADIOACTIVITY

Radioactive atoms emit energy in the form of radiation. This energy
is released because of an imbalance in the numbers of protons
and neutrons in the nucleus, which makes the atom unstable.
Releasing energy makes the atom more stable. So, radiation is energy
released from unstable atoms in the form of high-energy particles or
energy waves.

More than 100 years ago, Marie Curie famously discovered naturally
occurring radioactivity. However, we now know how to make
radioactivity using machines that fire neutrons into another atom.
These machines, called nuclear reactors, cause nuclear fission

NUCLEAR FISSION

Splitting of an atom’s
nucleus into two lighter
nuclei, simultaneously
releasing energy in the
form of radiation.

reactions, which split the atoms and release radioactive energy and
more neutrons (Figure 2). Meitner was a nuclear physicist whose
research explained how unstable atoms produce radiation. Her
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Figure 2

Figure 2

The nuclear fission
reaction. When a
fast-moving neutron is
fired into the nucleus of
an atom, the nucleus
becomes unstable and
splits into smaller parts,
while also releasing
neutrons and energy in
the form of radiation.
The fission products
are atoms that can also
become unstable and
thus continue releasing
radiation, in a chain
reaction (Figure created
with BioRender.com).

discovery of nuclear fission in 1939 led to developments in medicine
that are still used today [2]2.

2 For more
information on Lise
Meitner,
see: https://www.scie
ncesmuseum.org.uk/
objects-and-stories/
women-physics

LISE MEITNER’S SCIENTIFIC CONTRIBUTION

In 1913, scientists already knew that the balance of numbers of
protons, neutrons, and electrons within an atom a�ected its stability,
and that radioactivity came from the nucleus. Dr Meitner and her
colleague, German chemist Otto Hahn, were involved in the search for
new radioactive elements. In 1918, they identified Protactinium-231
which is a radioactive atom called a radioisotope [3].

RADIOISOTOPE

A radioactive atom that
has an unstable nucleus
and too much energy,
which it releases as
radiation in the form of
particles or waves.

While living in Sweden, Dr Meitner and her nephew Otto Frisch
worked together to create a theory explaining the splitting of an
atom’s nucleus into smaller parts. They called the smaller parts
fission fragments. They calculated the energy released and named
this reaction nuclear fission. Despite all this work, the Nobel Prize for
nuclear fission was awarded to Dr Meitner’s old colleague, Hahn. He
relied on Dr Meitner’s knowledge of nuclear physics to make sense
of his own chemistry findings. Sadly, as Hahn was first to publish
these ideas, Dr Meitner and her nephew received little credit for the
discovery [4].

RADIOISOTOPES FOR IMAGING DISEASE

The discovery of nuclear fission led to many medical advances (Figure
3). Radioisotopes enable doctors to perform medical imaging of the

IMAGING

This is when radiation is
used in hospitals to take
pictures of a patients’
bones, organs, or teeth
to understand more
about what is going on
inside the body.

body, which helps them to diagnose and treat diseases. Radioisotopes
are given to a patient either by injection or through food or drink
provided at the hospital. As the radioisotope travels inside the body,
special cameras outside the body can detect the radiation. This creates
an image or video of the body’s bones and soft tissues. For example,
these images can tell us if a kidney is not working properly, but more
than that, they can even tell doctors which kidney and also which part
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Figure 3

Figure 3

Nuclear fission
reactions release
various kinds of
radiation, including
radioisotopes, radiation
waves, and
high-energy particles,
each with a variety of
medical uses.
Radioisotopes can be
used in medical
research, cancer
treatment, and for
medical imaging, which
is useful for planning
and monitoring
therapy. Gamma rays
can be used to sterilize
medical tools for
surgery or to
decontaminate foods
and beauty products to
ensure they are
hygienic. High-energy
particles, such as
protons and electrons,
can be used as external
beams, positioned to
target, and kill tumor
cells (Figure created
with BioRender.com).

of the kidney is malfunctioning. Medical images can also help identify
the precise sizes and locations of cancers.

RADIOTHERAPY

Radiation can also be used to treat disease. This is called radiotherapy.

RADIOTHERAPY

The use of radiation
waves, or beams of
particles to kill
unhealthy cells such as
cancer cells in
a patient.

The aim of radiotherapy treatment of cancer is to damage the DNA
of the cancer cells. DNA is the code for all the building blocks, cells,
that make up the body. By damaging DNA in a cancer cell, that cell
no longer knows how to keep itself alive, so it dies. The result is
reduced cancer growth or even complete elimination of the cancer.
Doctors decide which type of radiotherapy to use depending on
the size, type, and location(s) of cancer in the body. The treatment
schedule is carefully planned by calculating the target area of the
cancer, the amount of radiation needed, and the length and number
of treatment sessions.

Most radiotherapy is delivered from outside the body, using a more
sophisticated and powerful version of an X-ray. This is called external
radiotherapy. However, certain radioactive sources can be used inside
the body. This is known as internal radiotherapy. Just like for imaging
purposes, radioisotopes used in internal radiotherapy are injected into
a patient and travel around the body. However, the type of radiation
used is di�erent because doctors need to ensure that the radiation
only travels a short distance within the body, so that no healthy
cells are damaged. For this reason, particles called alpha and beta
particles are used for internal radiotherapy, rather than X-rays. Also,
radioactivity can be attached to certain compounds that carry the
radiation to where the tumor is located. Internal radiotherapy using
radioisotopes is very good at irradiating and killing tumors located in
multiple sites within the body. This decreases the likelihood of the
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cancer coming back. These kinds of tumors can not be treated with
external radiotherapy.

OTHER USES OF RADIATION

Radiation is also used to sterilize the medical tools (needles, scalpels,
and syringes) required for surgery (Figure 3). This is important to
prevent germs from entering the patient’s body. In food production,
radiation is used to kill infectious microbes like salmonella. This helps
foods to last longer without contaminating or changing them, like
chemicals do. Radiation is sometimes used to control large numbers
of pests, like mosquitos, by making them unable to breed.

THE OBSTACLES LISE MEITNER FACED

Lise Meitner was born in 1878, to a Jewish family of 8 children in
Vienna, Austria. Being a woman in science was challenging at the time,
but Dr Meitner managed to prove her worth in a male-dominated
field. She built a successful career and made several breakthroughs
for women. When she attended the University of Vienna in 1901, she
was one of only four women allowed to join. She was only the second
woman to be awarded a doctorate from the University in 1905[4]. In
Berlin, when she worked closely with Otto Hahn at the Institute of
Chemistry, Hahn found a space for her in the basement—even though
women were not allowed in the building. After 14 years contributing
to radioactivity research, Dr Meitner became the first female physics
professor in Germany, 1926 [4]. She spent most of her life working
in Berlin but had to flee from Nazi Germany in 1938 and moved to
Sweden [4].

Albert Einstein called Dr Meitner the “German Madame Curie” because
of her pioneering work. However, at the time, she did not receive the
praise she deserved. Her experimental work was key to Niels Bohr’s
model of atomic structure, for which he received the full credit, with
a Nobel Prize in 1922. Today, in many German museums, Dr Meitner’s
achievements are barely recognized, and she is almost invisible in all of
Hahn’s work and autobiographies. It is likely that the political situation
at the time and Dr Meitner’s escape fromNazi Germany as a Jewmade
it more di�cult for Hahn to acknowledge their teamwork [4].

Despite the obstacles Lise Meitner faced during her career, she
dedicated her life fully to nuclear physics. She never married and
continued her work until the age of 81 [3]. Sadly, scientific discoveries
can lead to unwanted consequences, such as the development of
nuclear weapons. This deeply upset Dr Meitner, who turned down a
job working on an atomic bomb with the British Scientific delegation
[4]. Being a peaceful person, Dr Meitner would have been most
pleased about the great medical achievements based on nuclear
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fission. Dr Meitner retired in Cambridge (England) with her nephew
and died in 1968, at the age of 90 [4]. In 1992, the element Meitnerium
was named after her, to finally honour her contributions to nuclear
science [5].
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