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Introduction
Because of its abstract nature relative to mechanics, electromagnetism is
usually considered more difficult to learn.  Consequently, it is desirable to
develop demonstrations and laboratory experiments that vividly and
effectively illustrate various phenomena in electromagnetism.  One such
phenomenon is that an accelerated charge does not radiate in the direction
of its acceleration.  A related phenomenon is that the light scattered 90º from
an unpolarized beam is linearly polarized.  Such phenomena can be
understood within the framework of electric dipole radiation, which is the
model for the strongest interaction between matter and light.

Results

Results
Here are the results obtained with benzene (C6H6) and carbon tetrachloride
(CCl4), which are molecular liquids.  The transverse data are fit to the
functional form A + B sin2φ while the axial data are fit to the functional form A
+ B cos2φ.  The fit functions are shown as solid lines.

Summary
• Students observe and measure the angular distribution and polarization of
light scattered from an aqueous suspension of nanoparticles, thereby
obtaining evidence to test the model of electric dipole radiation as well as
magnetic dipole radiation.

• Students can fit the data to theoretically predicted curves.

• If appropriate to the course, the students can work through the derivation
of the equations describing the filtered intensities.

Experiment
Schematics are given below of an old prism spectrometer table that is used
to swing a photodetector in a circular arc about a vertically oriented,
polarized He-Ne laser beam:

Theory
When a plane wave encounters a spherical scatterer, it is possible to
replace the scatterer by an induced oscillating point electric dipole if the
amplitude and phase of the incident wave does not change appreciably
across the scatterer.  This is known as the (electric-) dipole approximation
(DA), and is realized when (a) the absorption is negligible and (b) ka << 1,
where k = 2π/λ and λ is the wavelength inside the scatterer, and a is the
radius of the scatterer.  For scattering of light from atoms, ka ≈ (v/c) ≈
(Z/137), where Z is the atomic number [3].  Hence, excluding high Z atoms,
the DA is all one needs to describe the light-atom interaction.

Optical scattering measurements in atomic and molecular gases, and
anisotropic liquids have been adequately explained by using the DA.  With
this experiment, one can observe the breakdown of the DA in the visible
region - the region for which it was invoked - when the size or correlation
length of the scatterers is approximately 50 nm or more.  Consequently, the
presence of magnetic dipole- and/or electric quadrupole-induced scattering
of light can be observed from nanoparticle suspensions (ka ≥ 0.3) and even
from molecular liquids.

Students record the intensity
scattered into the photodetector
by different samples as a function
of angle and polarizer orientation.

The apertures are used to limit the
angular acceptance of the
detector and reduce the amount
of multiply scattered light that
reaches the detector.

Samples include dilute suspen-
sions of : skim milk, benzene,
polystyrene spheres, CCl4, and
gold nanoparticles.

Possible Variations and Applications
• With a different sample container, it may be possible to measure the angular
distribution of the scattered light in a plane perpendicular to the direction of
polarization of the laser beam, where one expects an isotropic distribution.

• Apply the physics of electric dipole radiation to explain polarization by
reflection (Brewster’s angle) and the polarization of radiation emitted by
circulating charges (as in pulsars).

• Measure the radial dependence of the scattered light; one expects a 1/r2

dependence.
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Although it is perhaps reflexive to make the assumption that electric dipole
radiation is dominant. This assumption is not always valid.  Higher multipole
radiation, which is covered in lecture courses on electrodynamics and nuclear
physics can, in certain situations, be significant.

The experiment described here involves the measurement of the angular
distribution and polarization of electric and magnetic dipole radiation.  This
experiment extends an experiment we reported previously [1], and was
developed from a recent study [2] on the contribution of higher order
multipoles to optical scattering in aqueous suspensions of 50 - 200 nm
colloids and polystyrene spheres.  This study resulted in the first observation
of the breakdown of the electric dipole approximation in the visible region of
the electromagnetic spectrum.  Students have the opportunity to check these
results and to extend them to different nanoparticles.
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The results of this experiment are
robust for a variety of scatterers.
Shown here are results obtained
using skim milk (which contains
casein micelles), 200-nm polysty-
rene (dielectric) spheres, and 14-
nm gold particles.  Here, “Trans-
verse” (perpendicular to the
incident beam) = “Horizontal” and
“Axial” (parallel to the incident
beam)  = “Vertical” (refer to the set
up above).

The scattered electric
field and the corre-
sponding filtered inten-
sities for isotropic scat-
terers can be shown to
be [1]:
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