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Focusing Gaussian Laser Beams

In the case where the lens is illuminated with a
Gaussian beam, the ratio of the beam diameter to
the lens diameter (2a/D) becomes an important
factor. As the ratio approaches 1, truncation from
the lens boundary produces diffraction effects at
the focal point. The energy distribution at this point
most closely resembles the Airy pattern. If the ratio is
1/2.8 or less the spot size can then be approximated
by:

S, =127 \f/(2a)

where S_ represents the 1/e? beam diameter. At this ratio
86.5% of the laser energy is contained within this diameter.
Note that this equation is theoretical and applies if the
laser beam is essentially an ideal, distortion-free Gaussian
beam.

Often the laser source is not perfectly Gaussian or without
divergence. For example, when multimode lasers or TEMO0
lasers with divergences over 0.2 mrad are focused with
diffraction limited optics, a more reasonable approximation
is:

S, =0xf
where 0 is the full angle beam divergence.

Other Useful Optical Equations
Snell’'s Law: n, Sin (6,) = n_Sin (0,)
Critical Angle:  6_=Sin™(n /n,)

Numerical Aperture: NA = 1/(2F/#) = d/(2f)
where d is the beam diameter and f is the focal length.

Radius Convention

Lensmakers Formula
1/f=(n-1) {1/R, - 1/R, + t(n-1) / (R,R,n)}
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Double Lens Formulas
1/f=1/f + 1/f, - d/(f f)
d= distance between principal planes of lenses.

Sagittal Height of a Spherical Surface
h= R-(R2 - (D/2))"2
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