
Thomas Young, born 250 years ago this 
week, was a polymath who made semi-
nal contributions in fields from physics 
to Egyptology. But perhaps his most 
enduring legacy is proving Isaac Newton 

wrong about light — and igniting a debate about 
the nature of reality that still persists. 

“The experiments I am about to relate”, 
he told the Royal Society of London1 on 
24 November 1803, “may be repeated with 
great ease, whenever the sun shines.” In a 
simple, modern form, Young’s ‘double-slit’ 
experiment involves shining light of a single 
frequency (say, from a red laser) through two 
fine, parallel openings in an opaque sheet, 
onto a screen beyond. If light were made of 
streams of particles, as Newton conjectured, 
you would expect to see two distinct strips of 
light on the screen, where the particles pile up 
after travelling through one slit or the other. 
But that’s not what happens. Instead, you see 
many bands of light and dark, strung out in 
stripes like a barcode: an interference pattern. 

Interference is possible only if light behaves 
as a wave that strikes both slits at once and dif-
fracts through each, creating two sets of waves 
on the other side of the slits that propagate 
towards the screen. Where the crest of one 
wave overlaps with the crest of the other, you 
get constructive interference and a patch of 
light. Where a crest meets a trough, you get 
destructive interference and darkness. 

It’s hard to overstate how wild this discovery 
was to physicists in Young’s time. But the wild-
ness truly began when Max Planck and Albert 
Einstein laid the foundations for quantum 
mechanics in the early twentieth century. 
Today, quantum mechanics forms a peer-
lessly accurate framework to explain the basic 
elements of material reality and their inter-
actions. Pretty early on, it became clear that it 
implied that light is made of indivisible units 
of energy called photons — particles, in fact. 
The amount of energy each carried was pro-
portional to the frequency of the light. Some 
carry enough of a wallop to knock electrons 
off atoms of metal, giving us the photoelectric 
effect that enables today’s solar cells. (It was 
the study of this effect that led Einstein to his 

that were in principle the double-slit. At first, 
it wasn’t done with photons, but with electrons 
— entities that we know as particles, but that 
quantum mechanics predicts act as waves, too. 
Then, in the 1980s, a team led by Alain Aspect 
at the Optical Institute in Palaiseau, France, 
performed the double-slit experiment with 
single photons2. Quantum theory won out: an 
interference pattern emerged, even when only 
single particles passed through the slits.

Aspect won a share of the 2022 Nobel prize 
in physics for his contribution to confirm-
ing the predictions of quantum mechanics 
through experiment. But such experiments 
leave matters of interpretation wide open. 
There is simply no way to comprehend what’s 
happening with minds attuned to the classical 
world of everyday objects. 

When it comes to the double-slit experi-
ment, quantum mechanics does tell a form 
of story. It says that a photon’s position is 
described by a mathematical abstraction 
called the wavefunction — which, as the 
name suggests, behaves like a wave. This 

conclusions about light’s particulate nature.) 
With the emergence of quantum mechanics, 

the idea of light as a wave faced a challenge. But 
it wasn’t as simple as going back to the particle 
view. Further tests of quantum theory using 
the double-slit experiment only deepened the 
mystery. And it hasn’t been solved yet.

Singularly quantum
Imagine, now, that your light source can shoot 
individual photons of red light at the two slits, 
while guaranteeing that only one photon goes 
through the apparatus at any time. A photo-
graphic plate on the other side records where 
the photons land. Classical intuition says each 
photon can go through only one slit or the 
other. So, this time, we should see photons 
accumulating over time and forming two 
strips of light on the photographic plate. Yet 
the mathematics of quantum theory implied 
that the interference pattern would persist.

It was several decades before the technology 
matured enough to verify these predictions 
experimentally, using more complex set-ups 

Double trouble: two slits, many questions
On the 250th anniversary of Thomas Young’s birth, an experiment he 
devised is still challenging our ideas of material reality. By Anil Ananthaswamy

The double-slit experiment’s interference patterns suggest something is in two places at once.
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wavefunction, mathematically speaking, hits 
the two slits, diffracts into two sets of waves 
and recombines to create the interference 
pattern. The value of the wavefunction at any 
location on the photographic plate lets you 
calculate the probability of finding the photon 
there. The probability is very high in regions 
of constructive interference, and very low in 
regions of destructive interference.

In a sense, then, a photon or any other 
quantum object acts like both a particle and 
a wave. This ‘wave–particle duality’ embodies 
many of the central conceptual mysteries of 
quantum mechanics that are unresolved to 
this day. Even if you could know everything 
about a photon’s initial state, there’s no way 
to tell exactly where it’ll land on the detector. 
You have to talk in terms of probabilities given 
by the wavefunction. These probabilities are 
borne out only when thousands or tens of 
thousands of photons are sent through the 
double slit, one by one.

Before the measurement — in this case, 
detection by the photographic plate — the 
mathematics says the particle exists in a 
superposition of states: in a sense, it has taken 
both paths, through the right slit and the left. 
Standard quantum mechanics says that the 
wavefunction ‘collapses’ when measured, and 
that the act of observation in some way precip-
itates that collapse. Before this, the photon 
has a finite probability of being found in many 
different regions, but on measurement, the 
wavefunction peaks at the location in which 
the photon appears (the probability there 
equals 1) and is nullified everywhere else 
(probability equals 0).

It gets even odder. If you can determine 
which path the photon took on its way to 
the detector, it acts like a particle that does 
indeed go through one slit or the other: the 
interference pattern disappears. But if you 
cannot glean this ‘which-way’ information, 
the photon acts like a wave. Whenever there 
are two or more ways for a photon — or, indeed, 
any quantum object — to get to a final state, 
quantum interference occurs.

What’s a wavefunction?
But to generate interference, something has to 
go through — or at least interact in some way 
with — both slits. In the mathematics, the wave-
function does the job. Some physicists would 
say that the wavefunction simply represents 
information about the quantum system and 
is not real — in which case it’s hard to explain 
what interacts with both slits at once. But you 
can explain the interference pattern if you con-
sider the wavefunction to be real. 

This creates its own problems. Imagine a 
real wavefunction that spreads for kilometres 
and kilometres before an observer detects the 
photon. At this point, the wavefunction peaks 
at the photon’s location, and simultaneously 
drops to zero everywhere else — over a large, 
macroscopic distance. This suggests a kind of 
instantaneous, non-local influence that both-
ered Einstein no end. One can avoid this with 
interpretations of quantum theory that don’t 
collapse the wavefunction, but that opens 
other cans of worms. 

Perhaps the most notorious is the many-
worlds interpretation, the brainchild of US 
physicist Hugh Everett in the 1950s. This 
argues that every possible event — in the case 
of the double slit, a particle going through the 
left and the right slit — happens, each in its own 
world. There is no collapse: measurement sim-
ply reveals the state of the quantum system in 
that world. Detractors ask how it’s possible to 

justify this constant proliferation of worlds, 
and how, in a many-worlds framework, you 
can explain why measuring quantum systems 
yields probabilities, given that there are always 
definite outcomes in each world.

The de Broglie–Bohm theory, named 
after quantum pioneers Louis de Broglie 
and David Bohm, provides another alterna-
tive. It says that particles exist with definite 
positions and momenta, but are guided by an 
all-encompassing, invisible ‘pilot’ wave, and 
it’s this wave that goes through both slits. The 
most profound implication of this theory, that 
everything is linked to everything else in the 
Universe by the underlying pilot wave, is one 
many physicists have trouble accepting. 

In the 1970s and 1980s, physicists upgraded 
the double-slit experiment to seek clarity 
about the nature of quantum reality, and the 
perplexing role observation apparently has in 
collapsing a defined, classical reality out of it. 
Most notably, John Wheeler at the University of 
Texas at Austin designed the ‘delayed choice’ 
thought experiment3. Imagine a double-slit 
set-up that gives the option of gathering or 
ignoring information about which way the 
particle went. If you ignore the ‘which-way’ 
information, you get wave-like behaviour; if 
you don’t, you get particle-like patterns. 

With the apparatus on the ‘collect which-way 

information’ setting, send a photon through 
the double slits. It should act like a particle 
and go through one slit or the other. But just 
before the photon lands on the detector, flip 
the apparatus to ignore the which-way infor-
mation. Will the photon, until then supposedly 
a particle, suddenly switch to being a wave?

Decades later, Aspect’s team performed this 
experiment with single photons and showed 
that the answer is yes4. Even if the photon had 
ostensibly travelled through the entire set-up 
as a particle, switching the apparatus setting 
so that it ignored which-way information 
caused it to act like a wave. Did the photon 
travel back in time and come back through the 
two slits as a wave? To avoid such nonsensical 
explanations, Wheeler argued that the only 
way to make sense of the experiment was to 
say that the photon has no reality — it’s neither 
wave nor particle — until it’s detected.

Back in the 1980s, Marlan Scully, then at the 
University of New Mexico in Albuquerque, and 
his colleagues came up with a similarly befud-
dling thought experiment5. They imagined 
collecting the which-way information about 
a photon by using a second photon ‘entangled’ 
with the first — a situation in which measur-
ing the quantum state of one tells you about 
the quantum state of the other. As long as the 
which-way information can in principle be 
extracted, the first photon should act like a 
particle. But if you erase the information in the 
entangled partner, the mathematics showed, 
the first photon goes back to behaving like a 
wave. In 2000, Scully, Yoon-Ho Kim and their 
colleagues reported performing this experi-
ment6. Surprisingly — or unsurprisingly, by this 
stage — intuition was once again defeated and 
quantum weirdness reigned supreme.

Larger and still larger
Others are still pushing the double slit in new 
directions. This year, Romain Tirole at Imperial 
College London and his colleagues described 
an experiment in which the slits were temporal: 
one slit was open at one point in time and the 
second slit an instant later7. A beam of light that 
goes through these temporal slits produces an 
interference pattern in its frequency spectrum. 
Again, the mathematics predicts exactly this 
behaviour, so physicists aren’t surprised. But 
it is more proof that the double-slit experiment 
highlights the lacunae in our understanding of 
reality, a quarter of a millennium after the birth 
of the man who devised it.

The double-slit experiment’s place in the 
pantheon of physics experiments is assured. 
But it would be further cemented if and when 
physicists using it were able to work out which 

“How big does  
something have to be  
before it stops acting  
in a quantum way?”
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Books in brief

The Internet of Animals
Deborah Lupton  Polity (2023)
This academic study by sociologist Deborah Lupton analyses how 
the Internet depicts and changes relationships between humans and 
animals, including pets. The book examines how animals across a 
variety of species and in many spaces are incorporated into diverse 
digital technologies, and how this has affected human attitudes to 
animals. Inevitably, says Lupton, digitization and datafication have 
sometimes promoted “attitudes and practices contributing to animal 
mistreatment and cruelty”. Andrew Robinson

The Phantom Scientist
Robin Cousin (Transl. Edward Gauvin)  MIT Press (2023)
In 2021, MIT Press published The Curie Society, an action-adventure 
graphic novel with broad appeal. Its latest graphic novel, visualized 
by Robin Cousin and translated from his French text, is much more 
specialized. Informed by work done at the French national research 
centre CNRS in Paris, it dramatizes a major unsolved challenge in 
computer science, known as P vs NP. Set in a fictional institute in a 
forest, from which a mysterious researcher suddenly vanishes, it is 
part thriller, part mystery, part systems theory.

What a Bee Knows
Stephen Buchmann  Island (2023)
Bee books tend to be full of intriguing facts and tantalizing 
possibilities. This rigorous but delightful work by pollination ecologist 
Stephen Buchmann, who has studied the insects for half a century, is 
no exception. The world has some 21,000 distinct bee species; a bee 
can pollinate as many as 10,000 flowers daily; and its brain houses 
only one million neurons, compared with at least 80 billion neurons 
in the human brain. Yet bees are “self-aware, they’re sentient, and 
they possibly have a primitive form of consciousness”, he writes.

Mixed Signals
Uri Gneezy  Yale Univ. Press (2023)
Incentives come in many guises. In Ohio in 2021, people were bribed 
to get COVID-19 vaccinations with tickets for a US$1-million lottery. 
In New Jersey, the prize was dinner with the governor. Behavioural 
economist Uri Gneezy thinks the latter “better and smarter”, despite 
attracting less press, because it signalled that the governor cared 
about vaccination. Other “mixed signals” in this stimulating book 
range from family life to politics. Gneezy argues that for an incentive 
to be effective, its signal must align with the sender’s goal.

The Last Cold Place
Naira de Gracia  Scribner (2023)
The Western Antarctic Peninsula is warming five times faster than 
the global rate, with average winter temperatures 7 °C higher today 
than in 1950. But it remains a challenging environment for scientists, 
explains wildlife technician and conservation biologist Naira de 
Gracia in her exuberant memoir of five months studying penguins 
there in 2016–17. For each statistic about Antarctic marine species 
presented to policymakers, she says, there is “a grimy fieldworker like 
me”, covered in penguin muck and “smelling like fermented shrimp”.

theory of the quantum world is correct. 
For example, some theories posit that quan-

tum systems that grow bigger than a certain, 
as-yet-undetermined size randomly collapse 
into classical systems, with no observer 
needed. This would explain why macro-
scopic objects around us don’t obviously 
work according to quantum rules — but how 
big does something have to be before it stops 
acting in a quantum way? 

In 2019, Markus Arndt and Yaakov Fein at 
the University of Vienna and their colleagues 
reported sending macromolecules called 
oligoporphyrins, composed of up to 2,000 
atoms, through a double slit to see whether 
they produce an interference pattern8. They 
do, and these patterns can be explained only 
as a quantum phenomenon. Arndt’s team and 
others continue to push such experiments to 
determine whether a line exists between the 
quantum and the classical world.

Last year, Siddhant Das at the Ludwig 
Maximilian University of Munich, Germany, 
and his colleagues analysed the double-slit 
experiment in the context of the de Broglie–
Bohm theory9. Unlike standard quantum 
mechanics, this predicts not just the distri-
bution of particles on the screen that leads to 
the spatial interference pattern, but also the 
distribution of when the particles arrive at the 
screen. The researchers found that their cal-
culations on the distribution of arrival times 
agreed qualitatively with observations made 
two decades before, in a double-slit experi-
ment using helium atoms10. But it was diffi-
cult to prove their case definitively. They are 
awaiting better data from a similar double-slit 
experiment done with current technology, to 
see whether it matches predictions.

And so it goes on, a world away from any-
thing Young or his peers at the Royal Society 
could have conceived of more than two cen-
turies ago. “Thomas Young would probably 
scratch his head if he could see the status of 
today’s experiments,” says Arndt. But that’s 
because his experiment, so simple in concept, 
has left us scratching our heads to this day.

Anil Ananthaswamy is a writer based in 
California, and author of Through Two Doors 
at Once.
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