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EM in Vacuum

This animation shows the propagation of an electromagnetic wave in a
vacuum (refractive index and dielectric constant both 1).

Electric field animation Time-averaged Poynting vector
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Refractive index gradient

Electric field animation Time-averaged Poynting vector
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Horn antenna

A horn antenna is commonly used as the feed for a dish antenna, and simply
consists of a flaring at the end of a waveguide that results in a reasonably
confined beam

Electric field animation Time-averaged Poynting vector




Sharp change in refractive index
A sharp change in refractive index results in specular reflection from the surface and
refraction into the medium according to Snell's law, with a reduction of the wave
speed. The animation shows two panels: the left shows the complete wave field, while
the right shows just the component that is scattered (calculated simply by subtracting
the equivalent field in a vacuum). The bending of the light explains why the bottom of
a pool of water appears is nearer than it really is. This kind of reflection is
occasionally seen by clear-air radars as Fresnel scattering from sharp horizontal
gradients in atmospheric refractive index.

Electric field animation

Total field Scattered field Total field Scattered field
(incident plus scattered) (tOotal minus incident) (incident plus scattered) (total minus incident)
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Total internal reflection

Consider the same set-up as with total internal reflection, but
introducing a new medium a distance of order a wavelength away from
the original interface, so before the evanescent wave has decayed
away. In this case, there is still some propagation across the gap,
leading to evanescent wave coupling.

Electric field animation Average Poynting vector
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Diffraction grating( low frequency)

A diffraction grating diffracts light by an angle that depends on its wavelength. It
consists of a series of equally spaced groves of a similar spacing as the
wavelength of the radiation. The simplest way to understand how it works is
using Huygens' Principle; each grove acts like a separate source of
electromagnetic waves, but the phase of each is offset from that of its neighbours

to a degree that depends on the angle of the grating with respect to the incident
ratiation.

Electric field animation Average Poynting vector
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Bragg scattering

Bragg scattering is used to probe the structure of crystaline solids with X-rays.
Each atom in a lattice behaves similarly to a Rayleigh scatterer under the influence
of the incident wave, and certain wavelengths result in constructive interference in
particular directions. This enables the structure of the material to be inferred. See
what happens if the frequency is increased.

Electric field animation

Total field Scattered field

(total minus incident)

(incident plus scattered)
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Michelson interferometer(equal path lengths)

A Michelson interferometer was used in the famous Michelson-Morley experiment to
demonstrate the non-existence of the luminiferous aether, a hypothetical medium in
which light was believed to travel. In the configuration to the left, coherent light is incident
on a 45° half-silvered mirror (in this case simply a thin bar with a refractive index chosen
such that half the light is transmitted and half is reflected). The transmitted and reflected
beams travel equal paths to ordinary mirrors (in this case simply bars with a very high
refractive index), and are reflected back and recombine at the 45° mirror. This results in
constructive interference for the outgoing beam to the right.




Michelson interferometer,
(unequal path lengths)

A Fourier transform spectrometer consists simply of a Michelson interferometer, but with with one of the two mirrors movable.
When one of the path lengths is changed by a quarter of a wavelength (as in this example), the radiation from the two paths
destructively interferes in the rightward direction. Instead, the light constructively interferes in the downward direction (unlike in

the previous case). The frequency spectrum of incoming light may be obtained by measuring the intensity of the outgoing
radiation to the right as a function of the path length, then performing a Fourier Transform on it.

Electric field animation Average Poynting vector
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Young's two-slit experiment
This animation illustrates Young's double-slit experiment demonstrating the
wave nature of light. An oscillating dipole illuminates two slits in a metal

barrier, which themselves act as coherent oscillators that produce an
interference pattern at the top of the domain.

Electric field animation Average Poynting vector
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Convex lens

This animation illustrates the focussing effect of a convex lens. Note that the
radiation cannot be focussed to a smaller scale than the wavelength. There are
also internal reflections within the lens itself.

Electric field animation Time-averaged Poynting vector
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WAVE
PARTICLE DUALITY

’ particle
’ wave

quantum object

. add an observer
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