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Experimental:

Optical radiation is characterized by the four Stokes parameters I, Q, U and V expressing the total intensity (I), the amount (Q) and orientation (U) of linear polarisation and finally, the amount of circular polarisation (V). The relationship between the Stokes parameters of the incident and scattered light is expressed by the 4-by-4 Mueller scattering matrix the elements of which are functions of the wavelength and the geometry as determined by the physical properties of the scattering elements such as composition, shape and size distribution of the scattering particles. In geophysical problems it is normally assumed that the scattering particles are oriented at random which restricts the non-zero elements of M to a subset accessible to linearly polarized laser radiation. While the laser beam offers the advantage of polarisation and monochromaticity it has a severe drawback that the accessible scattering angle is strictly confined to the singular direct ion of 180(. This limits to some extension the information content of lidar measurements. The purpose of the experiment described here is to extend the range of information form lidar sounding by recording the scattered light at an off-backscattering angle in the range of 150(-170( synchronously with the normal backscatter measurements of a YAG lidar. The ALOMAR environment is particularly well suited for this novel attempt allowing a range of possible sites with the necessary communication links.

In the bi-static mode, the ALOMAR backscatter lidar is complemented by a remote optical receiver located at a pre-determined distance from the main site. The receiver consists of a 30-cm diameter spherical mirror aperture-matched to the photomultiplier cathode by a pair of field lenses in the telescopic mounting. A polarizing filter with fixed orientation is mounted directly in front of the photodetector unit to ensure that the detector system has a well-defined polarisation axis. A half-wave optical retardation plate mounted in front of the fixed polariser projects the polarisation plane of the incident light onto the transmission axis of the receiver. This operation is equivalent to rotating the polarizer, however, with four instead of two maxima per revolution. Normally five measurements at different azimuth angles are sufficient to render an overdetermined system for the parameters I, Q, and U. The fourth Stokes parameter can be obtained in a similar fashion by replacing the half-wave with a quarter-wave retarder. The photodetector (bi-alkali cathode) is operated in the photon-counting mode allowing the simultaneous analog recording of the anode current. This arrangement has been successfully applied in rocket experiments to ensure immunity to non-linear operation near the saturation limit. According to the current planning the pulses are stored and analyzed in a Licel transient recorder. The co-ordination of the main and the remote receivers require that the remote system is mounted on a pedestal allowing accurate and precise as well as rapid setting of the elevation angle which is determined by the altitude of the cloud or particle layer being investigated. For this purpose the receiving unit will be mounted on a phototheodolite pedestal used in earlier photgrammetric studies of noctilucent clouds. This brings the fringe benefit of a highly accurate long-focal length camera for complementary recording of the laser beam.

The main backscatter lidar is normally operate in a continuous fashion issuing light pulses in a vertical direction at a rate of some 30 Hz. Thus, the remote system needs to be synchronized to the main system. Different ways of achieving synchronisation while allowing for the finite delay time have been discussed at a planning meeting at ALOMAR in June 2003. At present an operation cycle is being defined which is based on integration of a set of lidar pulses for a set of different orientations of the polarisation analyzer with a subsequent least-squares fitting to obtain the Stokes parameters I, Q and U.

Theoretical:

The scattering by non-spherical particles including the determination of all Stokes parameters will be handled by the approach developed by our group in which the non-spherical shapes are approximated by a series of slices of cylinders. The multiple scattering methods will thus involve Monte-Carlo calculations based on single scattering functions of spherical particles and of non-spherical particles as well.

Both approaches will be presented and discussed. 
