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SNAP Secondary Support Diffraction

Trade studies are currently being performed on the SNAP configuration. Configuration considered included a 2m primary, and a 45cm secondary.  Because the SNAP configuration is too fast for integration of Huygen’s Integral using Fraunhoffer’s Approximation, diffraction patterns are computed in the far-field, using a 1024x1024 computational domain.  Incoming light is modeled collimated and coherent at 633nm.

Design trade considerations include secondary mirror support vane diffraction, as well as mechanical rigidity of the support configuration.  Possible support structures for the secondary include three thick radial vanes, or six tangential vanes, of ½ the thickness of vanes used in the first case.  (See figure 1).
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Figure 1

Possible Secondary Support Configurations

The first case analyzed is that of the telescope aperture with a secondary mirror “floating” on no supports.  This is the diffraction limited performance of the optical system.
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Figure 2

Diffraction Pattern

Aperture and Central

Obscuration Only (Telescope)

When radial vanes are added, diffraction patterns appear in three directions.  In the figure below, a horizontal slice through the h/2 row of the field is plotted.  The system noise is increased in this, and the two directions normal to the diagonal blades.  Note the effects of the single vanes die off with distance from the center axis.
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Figure 4

Three Radial Vanes

and Telescope

In the following case, a pair of tangential blades (1/2 the thickness of the radial blades) support the secondary.  Note: the diffraction pattern does not decrease rapidly with distance from the system axis.  The periodicity of the pattern agrees well with the two slit diffraction law: period=lambda/spacing=0.633e-9m/0.45m =1.4 µrad = 0.3 arcsec.
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Figure 5

Six Tangential Vanes

and Telescope

Details of the diffraction patterns produced by the secondary support vanes are overshadowed by the aperture/central obscuration diffraction pattern (Figure 3).  In order to observe better the diffraction patterns produced by the vanes themselves, the aperture/central obscuration patterns are subtracted from the diffraction patterns in Figures 4 and 5, and displayed in Figure 6.
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Figure 6

Diffraction Patterns of Vanes

With Aperture and Secondary

Diffraction (Telescope) Removed

Conclusions:

Six tangential vanes produce periodic disturbances which do not decrease rapidly off-axis.  Three thick radial vanes appear to be superior to six tangential vanes.

Four and Eight Vane Configurations

As an interesting side note, four radial and eight tangential blade configurations were analyzed.  Results were similar to those of the three and six vane configurations, with the exception of diffracted energy levels and orientation.
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Figure 7

Four Radial Vanes

and Telescope
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Figure 8

Eight Tangential Vanes

and Telescope
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Figure 9

Diffraction Patterns of Vanes

With Aperture and Secondary

Diffraction (Telescope) Removed

Structures consisting of four and eight supports place twice the energy, for a given vane size, into the directions normal to the vane.  This is simply because vanes extend in both directions from the secondary.  One advantage to the four and eight vane configurations is the fact that unwanted energy is diffracted in two directions, instead of three (as is the case in the three and six vane configurations).  For all configurations, radial vanes were superior to tangential vanes.
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