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Research theme. Light is full of surprises. Its 
bending around the sun proved Einstein’s general 
relativity. Its emission from an atom proved Bohr’s 
quantum theory. Today, light still has many 
surprises in store. In the Interacting Photons 
group, we seek to uncover that surprising 
behaviour of light when it interacts with itself or with matter strongly. In this context, we offer three 
exciting projects where Masters students can play with light and uncover some of Nature’s mysteries. 
Despite their fundamental character, these projects also have important technological applications.  

 
Project 1. Measuring transient violations of the 2nd  law         Supervisor: Vashist G. Ramesh  
“If someone points out to you that your pet theory of the universe is in disagreement 
with Maxwell’s equations—then so much the worse for Maxwell’s equations. If it is 
found to be contradicted by observation—well these experimentalists do bungle things 
sometimes. But if your theory is found to be against the second law of thermodynamics 
I can give you no hope; there is nothing for it but to collapse in deepest humiliation.” 

- Sir Arthur Stanley Eddington around 1928 

The 2nd law of thermodynamics has been revised many times over the 
past 2 decades. These revisions originated from the fact that, in small 
systems, thermodynamic quantities fluctuate and the 2nd law can be apparently violated for a short 
time. These “transient violations” of the 2nd law aren’t really violations. They are instances in which 
the entropy of a system spontaneously increases, but the 2nd law still holds on average. In this project, 
you will construct an experimental setup to measure such “transient violations” of the 2nd law in an 
optical process. The setup comprises a tiny cavity as in the figure above. You will shoot laser light into 
this cavity, implement a protocol in the laser intensity, and leverage recent theory from our group  to 
formulate the 2nd law of thermodynamics for this process. You will then search for instances in which 
the 2nd law is temporarily broken, and characterize the statistics of those events. This project will take 
you to the frontier of nanophotonics, statistical physics, and thermodynamics, in an exciting 
experiment that promises many surprises.  
 
Project 2. The surprising effect of nothing      Supervisor: Giel Keijsers  

In 2015, a team in Strasbourg made an amazing (and controversial) claim: The electrical conductivity 
of a material can be dramatically enhanced by embedding it in a tailored photonic environment. 
Remarkably, light was not involved.  The enhancement was due to the coupling of electron-hole pairs 
to the vacuum field, i.e., to nothing.  The team recently doubled down on their claim, showing new 
measurements of conductivity enhancements mediated by the vacuum field. Meanwhile, theorists are 
divided: some reported theoretical models reproducing this effect, while others claim that the effect 
is an “artifact” and the models don’t correspond to the experiment. We are looking for a Masters 
student to dive into this exciting problem. In this context, you will perform correlated electrical and 
optical measurements of nanomaterials in a tunable photonic environment. Your experiments will 
close loopholes in the ones from Strasbourg, and shine light onto this problem once and for all. 
 
Project 3. Breakdown of Fermat’s principle?     Supervisors: Giel Keijsers and Vashist G. Ramesh  

Fermat’s principle, from which the law of refraction (aka Snell’s law) follows, states: When traveling 
from point A to point B, light follows the path that minimizes the travel time. Under the usual 
assumptions of linearity and time invariance (LTI), the path from point B to point A is the same. This 
can also be understood in terms of time-reversal symmetry. But what if light travels through a medium 
that depends on time (think of a fluid with moving particles) and is nonlinear (we have such a nonlinear 
medium in our lab – a drop of oil!)? We look for a Masters student to setup a simple but intellectually 
stimulating experiment along these lines, in order to answer the above fundamental question. 
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