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1 Gaussian Beam
A Gaussian beam is an important solution in optics as it represents a confined electromagnetic
wave in form of a beam. In most of the cases, the intensity profiles of laser beams is approximately
Gaussian and therefore the Gaussian beam is an important solution.

1.1 Equations
The Gaussian beam is obtained when solving the so-called paraxial Helmholtz equation
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Paraxial hereby means that we neglect strong intensity changes along the beam propagation di-
rection on distances comparable to the wavelength. One of the solutions of this equation is the
Gaussian beam. The electric field of the Gaussian beam reads
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Here 𝜌 = √(𝑥2 + 𝑦2) is the distance from the propgation direction (z-axis). 𝑤 = 𝑤0√1 + (𝑧/𝑧𝑟)2

is the beam radius and 𝑤0 is the beam waist, which is related to the Rayleigh length 𝑧𝑟 = 𝜋𝑤2
0/𝜆.

𝑅 = 𝑧(1 + (𝑧𝑟/𝑧)2) denotes the curvature of the wavefronts.

With the help of these parameters, we may now write a function which calculates the electric field
of a Gaussian beam.
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1.2 Animation
As in the other cases before, we may also have a look at the propagation of the Gaussian beam in
an animation.

Canvas(height=300, sync_image_data=True, width=600)

1.3 Intensity plot
The intensity is plotted below in form of a contour plot. The contour plot reveals the in the focal
region, the iso-intensity shapes are close to an ellipsoid. Such ellipsoids are used as approximate
shapes for example to calculate the passage of fluorescent molecules through the focal area in
fluorescence correlation spectroscopy (FCS).
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1.4 Intensity profiles
A Gaussian beam is characterized by a Gaussian intensity distribution perpendicular to the optical
axis (z-axis here). We can check that by plotting the intensity of the beam at a certain position
z along the progation direction. Along the optical axis, the intensity profile conforms with a
Lorentzian.
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