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Berry's phase is a global topological and geometrical 
phase that can appear whenever a system undergoes 

a sequence of changes (adiabatic or nonadiabatic) that 
brings the state back to its starting point. It is similar to the 
Aharonov-Bohm phase, which arises from moving a 
charge around a solenoid. 

In optics, Berry's phase has at least three manifestations. 
In the first, it results from a cycle of changes in the direc
tion of a light beam, which causes the tip of the photon's 
spin vector to trace out a loop in spin space. 2 - 4 In the sec
ond, this phase results from a cycle of polarization 
changes in a beam of light;5 in the third, from a cycle of 
squeezed states of light.6 

In the first case above, the state space is the sphere of all 
possible directions of the photon spin. Berry's phase was 
shown to be -Σ Ω,1,2 where Σ is the helicity of the photon 
and Ω is the solid angle subtended in spin space. One can 
observe the adiabatic case of this phase by injecting a 
beam of light into a single-mode optical fiber coiled into a 
helix. As the direction of the fiber gradually turns through 
space, so will the propagation vector of a photon, and 
hence its spin. After one turn of the helix, the tip of the 
spin vector will trace out a closed loop. 

Tomita and Chiao verified the linear phase-solid-angle 
relationship by measuring the rotation of the plane of po
larization of light that has passed through a helically 
wound fiber.3 Chiao and Wu have shown that the rotation 
of polarization is equivalent to phase in this case.2 One 
can observe the nonadiabatic case of Berry's phase by in
jecting photons into an optical system composed of dis
crete mirrors. Upon a reflection off a mirror, the spin vec
tor of a photon nonadiabatically reverses its sense of align
ment with respect to it new propagation direction, i.e. the 
helicity flips. To obtain the solid angle in state space, one 
uses geodesics to connect the points on the spin sphere. We 
have verified the phase-solid-angle relationship by using a 
nonplanar Mach-Zehnder interferometer.4 This interfer
ometer is constructed such that the handedness of the two 
arms are opposite each other, while the path lengths of the 
two arms are kept equal. Thus, the dynamical phases, 
which are due to the difference in optical path lengths, 

cancel in interference. The output phase shift is due to geo
metrical phase alone. 

In the second manifestation of Berry's phase, the state 
space is the Poincaré sphere that describes all possible po
larization states of light. The Berry's phase in this instance, 
known as Pancharatnam's phase, is shown to be minus 
one-half the solid angle.7 One can observe this phase ex
perimentally using a Mach-Zehnder interferometer, each 
arm of which contains two half-wave plates. As the polar
ization state of the light changes through the half-wave 
plates, a solid angle is generated on the Poincaré sphere. 
The relative angles between the fast axes of the two half-
wave plates in the two arms are opposite each other while 
the path lengths are again kept the same. Thus the net 
phase shift is due to Berry's phase alone. 

In the third case above, the state space is a unit hyperboloid 
representing all possible squeezed states of light. A 

closed cycle of squeezings and de-squeezings on the hyperboloid, 
the sign of Berry's phase here, is opposite that of 

the two previous cases. This Berry's phase has not been 
experimentally observed. However, Chiao and Jordan 
have shown that it could be observed as a change of phase 
of the electromagnetic field in squeezed states of light or 
microwaves, and thus could be seen as a fringe shift in 
interference experiments.6 
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W hen one thinks of gratings, a number of things 
come to mind—conventional ruled gratings, phase 

gratings, and even temporary density gradients in atomic 
vapors—all of which share the important property that 
they diffract light. 

In experiments at MIT, these familiarities have been re-
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