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Variable coherence in determining the scattering

parameters of diffuse media using laser speckle
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Wi the application of 2 variable laser mource for determining the scattering parameters
of a diffuse. modium and the potential for imaging apatially-dependent acatter. A key concept in this work is
the ahility to syntliesize a variable-caherence: source by frequency maduiating & tunable laser diode (with 2
canter wavelength of B50 nm) al a rate much faster than the integration time of the detector. This allows for
a rapid measurement and the adaption of laser cabierencs to the degren of scatier, which we show i critical
in obtaining the necessary semsitivity

The spockle infonsity statistics arc described by the contrast ratio, which we huve previously shown can be
used to extract material parameters using light of fixed coherence by varying the material thickness [1}. The
experiments used commercially available white acrylics (with the scattering due to ~50nm TiOy particles
suspended in the acrylic backgronnd) as the diffise medium in & transmission geometry. The speckle contrast
ratio dependence upon the source linewidth was measured, with the resulta shown in Fig, 1, The theoretical
fits were obtained using an approximate Green's function for the diffusion equation.

To demanatrate sensitivity of the spockle contrast ratio to scattoring variations, we have performed a wamber
of experiments to colloot imaging-typo data [2]. Thin data shows a spatially-varying contrast ratio which can
br used to reconstruct photon transit time distributions. In the imagen of Fig. 2, the difference of comtrast
ratio between the inh and isshown Lighter shades represent a higher contrast
than in the homogeneons case, and darker shades represcnt a lower contrast ratic. In Fig 2(b) one can see
a region of higher contrast ratio corresponding to the localized reduction of scattering intraduced by a void
Conversely, in Fig. 2(d), one can see a tegion of lower contrast Tatio due to the localized increase in scattoring
caused hy n whits ¥lic ink sty. No localization of the inh ities is abrerved for the 5 MHz
linewidth used in Figs. 2(a) and 2(c), d ing the impartance of the source col
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Fig 1. Cobtrast ratic data as a function of laser ich i

linewidth for two different acrylics The symbols are ex-
perimenial data, and te dashed lines are thearetical mngeneity ab bwo Inser lnewidtha: {a) void at 3 MHz;
fits The bop and bottom curves are for the heavily scat- {b) vaid at 17 GHz; {c) heavy scatterer at 5MHsz; (d)
tering acrylic with p), = 125cm™ The middle curve hravy scatterer at 17CHz The vaviatian in contrast
i for the fesw sonltering acvylic with pf = 6cm™'. The atia is shown by the intensity-bars to the &ide af rach
slah thickness is d. image.
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Spontaneous emission is one of the key factors that detcrmine the noise properties of photonic
devices and the pump power threshold of lasers. The emission in dielectric
microstructures (micro-cavities, photonic crystals, optical waveguides, efc.) can to some
extend be lled and i due to the d ‘ of the emission rate on the
focation and polarisation of the emitters in the structure [1,2]. This paper addresses the
methods of quantum électrodynamics of dielectric media which enable calculation of the local
rate of ission in active mi

For passive structures the spontaneous emission may be derived by expanding the radiation
field in power-orth ! modes ized to one quantum of energy, and using the Fermi
Golden Rule. This approach was used in [1] for calculating the position d d of
spontaneous emission in passive photonic crystals. However, for active materials the mode
concept is problematic, and it is more convenient to express observable quantities in terms of
the field operators and generating currents. The total rate of spontancous emission is given by

1= (5 )66 FEN PFOF) m

where J(F) is the generating current, and G(#',7") is the classical transverse Green'’s tensor
that determines the electric field in terms of the transverse current. For materials with gain the
tensor can be derived from the solutions to the homogeneous wave equation and the adjoint
‘wave equation.

As an example we show in Figure 1, in polar coordinates, the distribution of spontancous
emission going into radiation modes from an active optical fiber. The distributions are shown
for the emitter in the center of the fiber core and at the edge of the fiber core, respectively.
‘The optical fiber has the core refractive index 1.45, cladding refractive index 1.43, core radius
2 pm. The emission wavelength is 1508 nm. The emission rate T, is for dipoles with
orientation along the fiber axis, T, is the sum of emission rates for dipoles with orientation
perpendicular to the fiber axis, and T, is the sum of these two emission rates.

The presentation will include an analysis of the effects of gain on the radiation pattern and the
ratio of radiation into the guided mode(s) for active optical fibers.
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