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1 Spherical waves
After we have had a look at plane waves, we can explore a second solution of the homogeneous
wave equation - Spherical Waves. Spherical waves are elementary waves that are for example
considered in Huygens principle. So if we develop some code to visualize spherical waves, we may
also verify Huygens principle later.

1.1 Equations
A spherical wave is as well described by two exponentials containing the spatial and temporal
dependence of the wave. The only difference is, that the wavefronts shall describe spheres instead
of planes. We therefore need |�⃗�|| ⃗𝑟| = 𝑘𝑟 = 𝑐𝑜𝑛𝑠𝑡. The product of the magntitudes of the wavevector
and the distance from the source are constant. If we further generalize the position of the source
to ⃗𝑟0 we can write a spherical wave by

𝐸 = 𝐸0
| ⃗𝑟 − ⃗𝑟0|𝑒

𝑖𝑘| ⃗𝑟− ⃗𝑟0|𝑒−𝑖𝜔𝑡 (1)

Note that we have to introduce an additional scaling of the amplitude with the inverse distance of
the source. This is due to energy conservation, as we require that all the energy that flows through
all spheres around the source is constant.

1.2 Electric field
Lets have a look at the electric field of the spherical wave. Below is some code plotting the electric
field is space. The source is at the origin and the plot nicely shows, that the amplitude decays with
the distance.
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The line plots below show that the field amplitude rapidly decays and the intensity follows a 1/𝑟2

law as expected. The slight deiviation at small distances is an artifact from our discretization. We
used the image above to extract the line plot and therefore never exactly hit 𝑟 = 0.
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1.3 Animation
We can also visualize the animation our spherical wave to check for the direction of the wave
propagation.

Canvas(height=300, sync_image_data=True, width=300)

1.4 Plot the intensity in an image plane
As we have now the electric field in space, wqe may also chose an arbitrary plane in space to
record the intensity of that wave in space. Here we want to know the intensity in a plane at 10 µm
distance from the source, which is again at the origin. The intensity cross section at the screen is
a Lorentzian function.

1.5 Interference between a spherical and a plane wave
In the section on plane waves, we had a look at the interference pattern of plane waves in space.
We now have a look at the interference of a plane wave and a spherical wave. The plane wave
thereby probes the distortion of the spherical wavefronts and the interference pattern stores this
information on the shape of the spherical wavefronts. This is exactly what is done in holography.
Taking this interference pattern as a “diffraction grating” will allow you to restore information on
the spherical wavefonts.
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