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Theoretical Analysis and Focal Length Estimation of a Lens for Free-Space
Focused Beam Measurements
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Abstract

This paper presents a Gaussian beam - based theoretical analysis and full-wave electromagnetic simulations of a free-space focused
beam lens designed to measure the electrical properties of mesh specimens used in next-generation satellite reflector antennas. The lens
transmission process was calculated using geometrical optics, and post-transmission field propagation was modeled via the angular
spectrum method. Using the Gaussian beam radius, on-axis field magnitude, and phase error, the focal length was predicted by
comparison with simulation results. The focal length was estimated as the distance at which the phase error relative to the beam radius
was minimized. The observed discrepancy between the estimated focal length and the design value is attributed to the combined effects
of phase errors induced by lens thickness and diffraction across the operating frequency band.
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Fig. 1. Geometry and parameters of lens for theoretical analysis.
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Fig. 2. Theoretical result of electric field distribution through
the lens.

956

04 190
Magnitude along z-axis

0.38 QO zatmax(|E]) = 192 mm 480
———Phase error within beam radius
0.36 O zatmin(err.«E)=185mm {70

Magnitude |E(0,2)|
Phase error (deg)

L L L . . . |
0 50 100 150 200 250 300 350 400
distance from lens along z-axis (mm)

a8 3. 75 WIF2E A wE AA A7 2w
R EE LRI XS

Fig. 3. Electric-field magnitude along z-axis and phase
error within the beam radius region.
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Fig. 4. Simulation result of electric field distribution.
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