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A brief review is presented of the main experimental techniques for studying the effects of
nonsphericity on light scattering by small particles in air.

INTRODUCTION

Small particles exist in a wide variety of scenarios ranging from the Earth atmosphere to
other planetary and cometary atmospheres in the Solar System, interplanetary medium, re-
flection nebulae, atmospheres of brown dwatfs, etc. (see Fig. 1). Those small particles play
an important role in the radiative balance of the body under study. Light scattering prop-
erties of homogeneous spherical particles can be easily computed from Lorenz-Mie theory.
However, in the majority of the above mentioned cases, the assumption of spherical pat-
ticles is highly unrealistic. Some examples of such nonspherical particles are presented in
Fig. 2. Prof. van de Hulst published in 1957 his famous book Light scattering by small pat-
ticles [1]. By that time it was already clear that many atmospheric and cosmic dust particles
presented nonspherical shapes. However, limitations in computational resources inhibited
reliable computations of light scattering by non-spherical particles. In the 1960's-1970's,
the microwave analog method started shedding some light on the scattering behavior of
small irregular particles [2, 3]. Meanwhile, first attempts in the visible part of the spectrum
were made to experimentally obtain all 16 elements of the 4 X 4 scattering matrix of irregular
particles [4, 5].

Nowadays, even with ever-increasing computer power and sophistication of algorithms,
the characterization of small irregular particles from the observed scattered light remains an
extremely difficult task due to the complicated morphology of these particles. Consequently,
controlled experimental studies of light scattering by irregular dust particles remain a unique
and indispensable tool for interpreting space- and ground-based observations. In addition,
combination of measurements with powerful simulation methods allows us to evaluate mod-
els used to calculate scattering properties of nonspherical particles (e.g. [6--9] ). Once the
model is tested, we can perform calculations for certain physical properties of the particles
or wavelengths for which experiments are highly difficult or not possible at all.

LIGHT SCATTERING EXPERIMENTS

There are various approaches to study the light scattering by irregular mineral particles. The
microwave analog experiment is based on the fact that two particles that only differ in size
have the same scattering properties if their ratios of size and wavelength are the same. Thus,
for this type of measurements a centimeter-sized scattering target with the refractive index
and shape of interest is manufactured. Microwave radiation is then scattered by this object
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Figure 1. Dust storm sweeps from Africa over the Atlantic (top). Image courtesy Norman
Kuring, SeaWifs Project. HST picture of Mars (Bottom left panel), Credit: NASA, ESA,
The Hubble Heritage Team (STScl/AURA), J. Bell (Cornell University) and M. Wolff (Space
Science Institute); HST image of The Pleiades, one of the nearest examples of a reflection
nebula (bottom right panel).

and the results are extrapolated for other wavelengths by keeping the ratio of size and wave-
length fixed [2, 3, 10]. The main advantage of this technique is the high control over the
shape, size and refractive index of the particle under study. However, the main drawback
of microwave measurements is that they can only be performed for one size, shape, and
orientation at a time. Therefore, the simulation of a realistic sample of particles in random
otientation is almost an impossible task.

Another approach is to let a beam of light be scattered by an ensemble of randomly
oriented particles and measure the phase function and/or degree of linear polarization for
incident unpolarized light [11--16] , or preferably the full scattering matrix as a function of
the scattering angle [4,5,17--23] . The latter approach presents some advantages. For in-
stance, the complete scattering matrix is needed to perform multiple scattering calculations
in scattering media such as planetary atmospheres and circumstellar disks. Moreover, mea-
suring all elements of the scattering matrix help us in identifying errors in the electronics or
in the alignment of the optics involved in the experiment since all theoretical relationships
valid for the elements of the scattering matrix [24] can be applied for tests.

Some measurements performed with various instruments will be presented at the con-
ference to show what can we learn about small irregular particles from laboratory measure-
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ments.

Figure 2. Scanning Electronic Microscope images of different small particles: volcanic
ash from Mount Spurr volcano (top panel), desert dust from the Sahara (bottom left
panel) (Amsterdam Light Scattering Database), right bottom panel example of an intet-
planetary dust particle collected at high altitude in the atmosphere of the Earth. Courtesy:
NASA/JSC/CDLE
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REFERENCES
(1] H.C. van de Hulst. Light scattering by small particles. Dover Publications, Inc. New York

(1957).

[2] J.M. Greenberg, N.E. Pedersen, and J.C. Pedersen. Microwave analog to the scattering
of light by nonspherical particles. J. Appl. Phys. 32 (1961).

[3] R.Zerrull and R.H. Giese. Microwave analog studies. In: Planets, Stars and Nebulae Stud-
ded with Photopolarimetry. T. Gehrels (ed.). Univ. of Arizona Press, Tucson, AZ (1974).

[4] A.C. Holland and G. Gagne. The scattering of polarized light by polydisperse systems
of irregular particles. Appl. Opt. 9 (1970).

[5] A.J. Hunt and D.R. Huffman. A new polarization-modulated light scattering instru-
ment. Rev. Sci. Instrum. 44 (1973).

[6] M.I. Mishchenko, L.D. Travis, R.A. Kahn, and R.A. West. Modeling phase functions for
dustlike tropospheric aerosols using a shape mixture of randomly oriented polydisperse
spheroids. J. Geophys. Res. 102 (1997).

[7] T. Nousiainen, M. Kahnert, and B. Veihelmann. Light scattering modeling of small
feldspar aerosol particles using polyhedral prisms and spheroids. JQSRT 101 (2006).

[8] O.Dubovik, A. Sinyak,T. Lapyonok, B.N. Holben, M.I. Mishchenko, P. Ynag, T.F. Eck,
H. Volten, O. Mufioz, B. Veihelmann, W. van der Zande, J.-F. Leon, M. Sorokin, and I.

184



Helsinki 2010 0. Munoz Single-scattering measurements

1

[10]

[14]

[15]

[16]

[17]
[18]
[19]

20]

(21]

22]

23]
[24]

Slukster. Application of spheroid models to account for aerosol particle nonsphericity
in remote sensing of desert dust. J. Geophys. Res. 111 (2000).

K. Muinonen, T. Nousiainen, H. Lindqvist, O. Mufioz, and G. Videen. Light scattering
by Gaussian particles with internal inclusions and roughened surfaces using ray optics.
JQSRT 110 (2009).

B.A.S. Gustafson. Microwave analog to light scattering measurements. In: Light Scatter-
ing by Nonspherical Particles: Theory, Measurements, and Applications. M.1. Mishchenko, J.W.
Hovenier, and L.D. Travis (eds.). Academic Press, San Diego (2000).

D.L. Jaggard, C. Hill, R.W. Shorthill, R.W. Stuart, M. Glantz, F. Rossworg, B. Taggart,
and S. Hammond. Light scattering from particles of regular and irregular shape. Atmos.
Environ. 15 (1981).

K. Weiss-Wrana. Optical properties of interplanetary dust — Comparison with light
scattering by larger meteoritic and terrestrial grains. Astron. Astrophys. 126 (1983).
R.A. West, L.R. Doose, A.M. Eibl, M.G. Tomasko, and M.I. Mishchenko. Laboratory
measurements of mineral dust scattering phase function and linear polarization. J. Geo-
phys. Res. 102 (1997).

D.B. Curtis, B. Meland, M. Aycibin, N. Arnold, V.H. Grassian, M. Young, and P.D.
Kleiber. A laboratory investigation of light scattering from representative components
of mineral dust aerosol at a wavelength of 550 nm. J. Geophys. Res. 113(D8) (2008).
A.C. Levasseur-Regourd, M. Cabane, V. Haudebourg, and J.-C. Worms. Light scattering
by dust under microgravity conditions. In: Laboratory Astrophysics and Space Research. P.
Ehrenfreund, C. Krafft, H. Kochan and V. Pirronello (eds.). ASSL, Kluwer Academic
Publishers, Dordrecht, The Netherlands (1999).

E. Hadamcik, ].B. Renard, A.C. Levasseur-Regourd, J. Lasue, G. Alcouffe, and M.
Francis. Light scattering by agglomerates: Interconnecting size and absorption effects
(PROGRA2). JQSRT 110(14-16) (2009).

R.J. Perry, A.J. Hunt, and D.R. Huffman. Experimental determination of Mueller scat-
tering matrices for nonspherical particles. App. Opt. 17 (1978).

P. Stammes. Light scattering properties of aerosols and the radiation inside a planetary
atmosphere. Ph.D. Dissertation, Free University, Amsterdam (1989).

F. Kuik. Single scattering by ensembles of particles with various shapes. Ph. D. Disser-
tation, Free University, Amsterdam (1992).

J.W. Hovenier. Measuring scattering matrices of small planetary particles at optical
wavelengths. In: Light scattering by nonspherical particles. M.1. Mishchenko, ].W. Hovenier,
and L. D. Travis (eds.). Academic, San Diego, CA (2000).

H. Volten. Light scattering by small planetary particles. An experimental study. Ph. D.
Dissertation, Free University, Amsterdam (2001).

H. Volten, O. Mufioz, E. Rol, J.F. de Haan, V. Vassen, ].W. Hovenier, J. Muinonen, and
T. Nousianen. Scattering matrices of mineral acrosol particles at 441.6 nm and 632.8
nm. J. Geophys. Res. 106 (2001).

O. Munoz et al. The new IAA Light scattering apparatus. JQSRT 111 (2010).

J-W. Hovenier, C.V.M. van der Mee and H. Dombke. Transfer of polarized light in planetary
atmospheres: Basic concepts and practical methods. Kluwer Springer, Dordrecht (2004).

185



