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Allvar Gullstrand: The Magic Physics Inside
Our Eyes (1911)

Imagine for a moment that you possess the most sophisticated camera ever created. It requires

no batteries, processes images in real-time, and, most amazingly, can instantly focus from an ant
millimeters away to a mountain on the horizon. This camera is your eye. For centuries, humanity
wondered how this miracle worked: how is it that this small piece of transparent tissue can bend light
with such precision? At the beginning of the 20th century, the answer did not come from a conventional

biologist, but from a man who saw the world through equations and crystals: Allvar Gullstrand.

Gullstrand was not your typical physician of his time. While his colleagues focused on treating infections
or performing rudimentary surgeries, he was obsessed with what he called 'physiological optics.' To
him, the eye was not just an organ; it was a complex physical system, a labyrinth of living lenses that
defied the laws of optical physics known until then. His story is that of a solitary genius who, armed with
paper, pencil, and infinite patience, set out to unravel the mystery of human vision, even challenging the

theories of Hermann von Helmholtz himself, the giant of German science.
In this episode, we will discover how Gullstrand transformed our understanding of sight:

» The enigma of accommodation: How does the lens change shape so we can read a book?

» The invention of the slit lamp, that tool every ophthalmologist uses today that allows for 'slicing' the

eye with light without touching it.
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» Why Gullstrand is the only Nobel Prize winner in Medicine who won the award for work that is

essentially pure physics.

But the most fascinating part is not just what he discovered, but how he did it. Gullstrand proved that
what we thought we knew about the eye was barely a caricature of reality. If the eye was a camera, he
discovered it didn't have just one lens, but that every millimeter of its structure participated in a perfect
mathematical dance. How is it possible for organic tissue to achieve what the best optical engineers of
the time could not replicate with the finest glass? The answer will lead us inside one of nature's most

perfect machines.

The Man Who Measured Light

Allvar Gullstrand was born in Sweden in 1862, at a time when medicine was still emerging from the

shadows of superstition. However, Allvar did not have the temperament of a mystical healer. He was a
man of angles, refractions, and exact calculations. Although he trained as a physician, his true passion
was physics. Imagine a man who, when looking into a person's eyes, does not look for the color of their

iris, but is mentally calculating the refractive index of the cornea. That was Gullstrand's mind.

At that time, science believed it had solved the problem of vision. The great Hermann von Helmholtz had
proposed a theory on how the eye focuses: the lens, that small lens inside the eye, simply changed its
curvature thanks to certain muscles. It seemed logical, similar to how a magnifying glass can focus if we
move it or if it were flexible. But Gullstrand felt something didn't add up. The math didn't work. According
to standard optical calculations, the human eye shouldn't be able to focus on objects so close with the
speed and clarity that it does. There was 'magic physics' happening inside that no one had been able

to explain.

The Dance of the Lens: More Than a Simple Lens

To solve the mystery, Gullstrand immersed himself in a mathematical odyssey that lasted years.

He worked alone, often refusing the help of assistants, surrounded by diagrams that seemed more
appropriate for an astronomer than a doctor. His great revelation was understanding that the eye is not
a 'simple lens." In the traditional optics of the time, lenses were treated as homogeneous objects, made
of a single material from start to finish. But the human lens is a marvel of biological engineering: it is a

gradient lens.
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What does this mean? Imagine an onion where each layer has a different density. Gullstrand discovered
that the lens does not have the same light-bending power at its center as it does at its edges. When the
eye tries to focus on a near object (a process called accommodation), it doesn't just change the external
shape of the lens. What occurs is an internal rearrangement. The fibers of the lens shift and change
their optical relationships in a way so complex that Gullstrand needed to develop new mathematical
formulas, now known as the Gullstrand equations, to describe it. He proved that the eye's focusing
power increases much more than a simple change in external shape would allow. It was as if the eye

had an internal motor that changes the very composition of its lens in a fraction of a second.

The Knife of Light: The Slit Lamp

But Gullstrand did not stop at paperwork. He wanted to see what his equations predicted. In 1911,
the same year he received the Nobel, he presented the world with an invention that would change
ophthalmology forever: the slit lamp. Before this invention, examining the inside of the eye was like trying

to see the bottom of a murky well with a candle. There was no depth, no detalil.

Gullstrand applied a brilliant physical principle: projecting an extremely thin and focused beam of light,
like a luminous razor blade, that passes through the eye. This 'slice of light' allows the doctor to see the
eye in cross-sections. It's as if we could slice a cake to see its layers without using a knife. Suddenly,

doctors could see with microscopic clarity the cornea, the lens, and the vitreous humor. They could see
tiny inflammations, small specks of dust, or forming cataracts that were previously invisible. Today, if you
go to the eye doctor and they ask you to rest your chin on a device and look ahead while a bright light
moves from side to side, you are using the technology that Gullstrand perfected over a century ago.

A Unique Prize and a Complex Personality

The impact of his work was so profound that in 1911 the Swedish Academy took an unprecedented step.
They awarded him the Nobel Prize in Physiology or Medicine not for a biological discovery, but for his
work on dioptrics, a branch of physics. It is the only case in history where a physician wins the Nobel

for solving mathematical physics problems applied to the human body.

However, Gullstrand's genius had a darker side. He was a man of extreme, almost dogmatic rigor. As
a member of the Nobel Committee for Physics years later, he was famous for his frontal opposition to
Albert Einstein's Theory of Relativity. Gullstrand, the man who mastered the classical physics of light,
could not accept the revolutionary ideas Einstein proposed. It is a fascinating irony in the history of
science: the man who best understood how we see light was the one who refused to see the new light

that Einstein shed upon the universe.

Legacy: Seeing the World Clearly
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Allvar Gullstrand's work left us more than equations. It left us the ability to diagnose and treat blindness
with surgical precision. His 'schematic eye' models are still used today to design contact lenses and
laser surgeries that allow millions of people to regain their vision.

The next time you open your eyes in the morning and the world becomes sharp in a blink, remember
Gullstrand. Remember that inside your eyes occurs a dance of fibers and light so perfect that it
challenged the most brilliant minds of the last century. Gullstrand didn't just teach us how the eye works;

he taught us to marvel at the invisible physics that allows us to appreciate the beauty of the world.
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