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I4MEMORANDUM TO: VLA Processor

Ivan Cindrich

SUBJECT: Fourier Transform Lens Design

Several lens design companies were contacted to establish

preliminarily the design feasibility of a high performance

Fourier transform lens system to be used in the arrangement

shown below

Input
Plane

Lens
Sys tem

Output
Plane

An initial response received from one company, the Applied

Optics Division of Perkin-Elmer at Costa Mesa, was very en-

couraging and some of their lens design properties are summarized

here Their design P5637A has the general physical arrangement

shown in Figure 1.
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The peak phase error (input plane equivalent) obtained

from ray trace computations for 316 input plane points is

shown in Figure 2 for the axis along which these errors are
a maximum. The input plane is 110mm in diameter and the
data was obtained for several spatial input frequencies (or

diffraction angles). It can be seen that for an input aperture
of 50 mm (-25 to +25) and for frequencies up to about 50 c/mm

..

that the phase error is less than 50. For the 110 mm aperture

(-.50 to +50) and for frequencies up to 110 c/mm the phase error
is less than about

10:

These data are for an output Fourier transform "plane",

i.e., a flat surface. As can be seen from the data of Figure 2,

the phase error curves have a linear component which will give

rise to a very small change of scale factor at the output plane

that can be removed by calibration. If such calibration is in-

cluded in the use of such a lens system then the equivalent phase

error can be reduced to about 100 for an input data aperture of

50 mm and 50 c/mm bandwidth. For a 110mm and 110 c/mm bandwidth

input data aperture such calibration would likely allow 0 per-

formance.

Follow-up on this lens design requires further analysis

(impulse response computations) and consideration of manufacturing

quality (surface errors and. scattering noise) as well as cost

estimation.

The two-dimensional phase error distributions from which

the data of Figure 2 was prepared are given in Figures 3 through

7 for the cases of zero, 55, 77, 95 and 110 c/mm input frequencies,
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respectively. The phase error is given in fractions of a

wavelength for 316 equally spaced locations in a circular

input aperture.
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