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Theoretical physics is all about describing nature in terms of mathematics. However, often there 
is more than one way of doing this and different mathematical formalisms are frequently 
developed in physics to describe one and the same physical phenomenon. In fact, this approach 
is very fruitful because each description offers its own point of view onto the underlying 
physics and there are some viewpoints that are more suited than others to observe certain 
features of the phenomenon. Famous examples thereof include Heisenberg-vs-Schrödinger 
picture in quantum mechanics: while Heisenberg picture describes dynamical evolution of 
quantum observables as, e.g., linear and angular momenta of the system, Schrödinger picture 
emphasizes the time evolution of the quantum state. Following this idea of changing the 
perspective, in this work we propose a quantum-like treatment of the propagation of an optical 
beam and its interaction with a dielectric or metal planar interface, interaction that eventually 
may lead to the celebrated Goos-Hänchen and Imbert-Federov shifts of the beam reflected 
and/or transmitted by the surface [1]. In practice, we describe these purely classical phenomena 
with the mathematical formalism of bona fide quantum mechanics. Observing these classical 
effects through the glasses of quantum mechanics offers some new insights [2]. In fact, this 

route leads to intriguing and 
unexpected consequences, as in 
the example of free-beam 
propagation illustrated in Fig. 1. 
Moreover, this new approach 
allows one to naturally separate 
the spatial shifts that occur for 
beams reflected or transmitted 
from a surface into two parts: A 
first one independent on orbital 
angular momentum (OAM) and a 
second one exhibiting OAM-
induced spatial-vs-angular shift 
mixing, a well-known but not so 
well understood phenomenon. In 
addition, from a quantum 
mechanical perspective it 

becomes evident why the angular shifts are always proportional to the angular spread of the 
beam or, equivalently, to the variance of the transverse components of the wave vector. Last but 
not least, we extend our treatment of the beam shifts to cover the case of enhanced beam shifts 
by analogy with the theory of quantum weak measurements. 
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Figure 1. Surprises from quantum/classical analogies: Here are shown three 
time-snapshots of the streamlines of the probability current density 

)ˆ,( ψψ pj =  of a free electron initially prepared in a quantum state whose 
wavefunction ),,( tyxψ  is formally identical to the optical field of a Laguerre-
Gauss beam with a unit of orbital angular momentum (OAM). Paradoxically, 
although the electron experiences a free-propagation dynamics, it seems to 
possess a nonzero OAM. In this figure 

 

w0 is the mean waist of the electron 
beam and )2(2

00 mwt =  is the quantum analogous of the optical Rayleigh 
range [3].  
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