Method to realize a non-reciprocal wave retarder
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With the exception of Faraday rotators, standard non-absorbing, lossless optical elements used in polarization optics are reciprocal, in the sense that their function is invariant upon time inversion. Consider for instance a standard optical rotator, which rotates a linear polarization by an angle θ irrespective of the direction of the input polarization. Such an element can be easily realized by combining two half-wave plate retarders [1] whose principal axes are oriented under a mutual angle θ/2. If used in the reversed direction the rotator brings back the polarization to its original direction and fulfills therefore reciprocity. Similarly, any standard wave-plate retarder is reciprocal because the wave retardance does not depend on the direction of propagation of the light.
In the present work we theoretically propose and experimentally verify a new method to realize non-reciprocal wave retarders, for which the retardance differs in the forward and backward directions. The method is based on a combination of two rotators sandwiched between quarter-wave plates. One of the rotators is reciprocal, as described above, while the other is a non-reciprocal Faraday rotator. The cascade of these two elements leads to an overall polarization rotation that differs in forward and backward direction. The combination of a rotator by an angle θ between two crossed quarter-wave plates gives rise to an effective retarder with a retardance φ=2θ. We can use this property for instance to realize a retarder with a retardance π in the forward direction (half-wave plate) and π/2 in the backward direction (quarter-wave plate) or any other combinations of retardance values. 
We will present details of the theoretical background of the new method as well as its experimental verification. Non-reciprocal elements are important in various fields of optical research and technology, including telecommunication, optical information processing, laser technology or quantum optics.
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