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WHAT DOES IT MEAN THAT THERE ARE LIMITS  
TO WHAT WE CAN KNOW OR OBSERVE?
Quantum mechanics has a lot to say about 
how much we can ever know. If I know too 
much about a particle’s position, I can’t 
know a lot about its momentum. The prod-
uct of my knowledge of the two quanti-
ties is constrained. This is the uncertainty 
principle, which we observe in the wavelike 
nature of particles. My group has gotten 
closer than anyone to the fundamental 
limits of the uncertainty principle, but we 
will never actually be able to conclusively 
reach them. It’s similar to how I can see the 
effect of particles going through two slits 
at the same time, but I can never actually 
observe them doing this.

WHAT WOULD THIS MEAN FOR SOMEONE TRY-
ING TO CREATE AN IMAGE OF WHAT YOU DO?
What I measure is like one pixel’s worth of 
information. I can’t produce a whole image. 
Instead I ask, “How much could we actu-
ally know about a system?” Imagine you’re 
trying to paint a picture, but you are only 
allowed to know one piece of information 
about it at a time. For me, that is a par-
ticle’s position, the most primitive amount 
of knowledge.
SO HOW DO YOU CREATE AND DEPICT OBJECTS  
THAT ARE SO SMALL?
The wavelength of light is too big for what 
we do. It can’t be confined in a small enough 
space. So we use electrons. In fact, we use 
these particles for both imaging tiny objects 

The goal of science is to extend the boundaries of 
what we can see and what we can know. But there are 
inherent limits to our knowledge that are built into  
the very fabric of our universe—pieces of our world 
may remain forever beyond our direct detection.  
To capture what can never be viewed with the eyes,  
to observe particles, dark matter, dark energy, and other 
ephemera at the very edge of science, arresting yet 
accurate design is needed. Such a tool will help make 
visible the invisible and generate understanding  
of our world. The resulting images have the potential  
to transcend the limits of both design and science.

and creating them. In the next couple of 
months we hope to create the ground state 
of motion for 1010 atoms. No one else is as 
close as we are.
DO YOU BRING ANY AESTHETIC CONSIDERA-
TIONS OR CRITERIA TO YOUR WORK?
I do my experiments a certain way, make 
them look a certain way. I go beyond what 
is necessary technically because I always 
want to create something new; a certain feel 
when you look at the experiment. Even in 
a physics experiment you have to do some-
thing beautiful. 
—Interviewed by Joshua Roebke
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THE FRONTIER OF KNOWLEDGE

Keith Schwab is an associate professor of physics at Cornell University. 

SCANNING ELECTRON MICROGRAPH BY KEITH 
SCHWAB AND MICHAEL ROUKES The device in the 
center of this photo is four-millionths of a meter 
wide and was used to measure the quantum limit 
of thermal energy flow. Both the image and device 
were made by electrons, not light, and according  
to Schwab this is one of the highest-resolution 
images possible. Further increasing the resolution  
of a picture such as this, one would eventually have 
to contend with the pixelation of matter itself.

DARK MATTER BY THE COSMOS SURVEY Dark matter 
comprises nearly one-quarter of our universe  
but interacts so weakly with regular matter that  
it cannot be seen. However, because of its mass,  
dark matter affects the paths of light that travel 
through it from distant galaxies. Using data gathered 
in the largest ever survey of the sky with the Hubble 
Space Telescope, this 3-D image reconstructs  
the distribution of dark matter through its effects  
on distant light, allowing us to imagine what  
can never be seen.
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MICROSCOPIC BLACK HOLE CREATION BY THE ATLAS EXPERIMENT 
Microscopic black holes may be produced when very high-
energy cosmic rays hit particles in our atmosphere. These mini 
black holes would decay instantly into particles and would  
be almost impossible to detect. However, the simulated collision 
pictured here inside the ATLAS detector at CERN illustrates  
the indirect signal from the decay of a microscopic black hole 
that may be observed in future experiments. This computer 
image helps physicists visualize the morass of data their  
detector will produce.
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THE ATLAS DETECTOR AT 
CERN This particle detector, 
under construction in 
Switzerland, will weigh 
some 7,000 metric tons and 
be 46 meters in length. At 
its center, one billion proton 
collisions will occur each 
second. The detector has 
been designed to measure 
the energy and momenta  
of the collisions’ debris  
in the hopes of creating 
the as-yet-unseen Higgs 
particle. The images created 
by this detector might also  
contain the first glimpses  
of extra dimensions, mini  
black holes, or strings.
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