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ABSTRACT

The optical elements of a cassegrain telescope are commonly tested in-
dividually, with their axes in a horizontal position. When these optical
elements are inserted in the telescope, the resulting imagery is often dis-
appointing. The quality of the imagery in the telescope may be predicted
more accurately if the primary and secondary mirrors, with their axes in the
vertical position, are tested against each other with the aid of null com-
pensating reimaging optics. An example is given to illustrate the applica-

tion of the technique.

DESCRIPTORS! Lens design, Optical testing, Telescopes, Optical systems



A SUGGESTED PROCEDURE FOR TESTING LARGE CASSEGRAIN OPTICAL SYSTEMS

Large mirrors of extremely high optical quality (rms surface error less
than A/20) have become a reality only recently, for several reasons. First,
the more advanced optical testing laboratories are just beginning to equip
themselves with vertical test towers, so that large mirrors may be tested
with their axes pointed vertically. This eliminates the need to subtract
out the effects of nonaxially symmetric gravitational deformations and verti-
cal air density gradients that are encountered when testing is done with the
optical axis near the horizontal. Second, the development of the Offner!
corrector and the increasing use of interferometric techniques have made pos-
sible more reliable evaluations of high-quality mirrors. Finally, the devel-
opment of mirror materials having ultralow coefficients of thermal expansion
has made discussions of the superb optical figure truly meaningful. The
above remarks apply especially to concave mirrors of the type generally en-
countered as primary mirrors in cassegrain telescopes. They apply only to a
limited extent, however, to convex cassegrain secondary mirrors.

Cassegrain systems are, in general, tending toward increasingly high nu-
merical apertures and increasingly high amplification factors at the secon-
dary mirror. In the case of some secondary mirrors, obscuration problems may
restrict the usefulness of the Hindle? system, the most common testing tech-
nique for the convex hyperboloids. Often, the periphery of the secondary
mirror may extend beyond the test beam, or if the test sphere is fast enough
to prevent this, the image may be awkwardly placed. In addition, the figure
of the Hindle sphere, which may be several times the diameter of the tested
surface, must be maintained to an accuracy of at least half that expected on
the tested surface.

The standard cassegrain system appears as shown in Fig. 1. The system
may be completely described by the parameters: N, the final focal ratio or
f/number of the system; p, the ratio of the diameters of the secondary, Dig,
and primary, D1, mirrors (for the axial field point); and w, the image clear-
ance behind the vertex of the primary (normalized to the diameter of the pri-
mary). When the desired values of N, p, and w have been assigned, the ampli-

fication factor m attributable to the secondary is given by:

m=N(p-1)/ (w-Np). (1)
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Fig. 3. An f/6 system. Obscuration ratio ¢ is plotted as
a function of secondary mirror amplification m for image
elearance ratios of 0, 0.2, 0.5, and 1.0. Liberal clear-
ance is obtained only when p or m is very high.
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Fig. 4. An f/16 system. Obscuration ratio p is plotted as
a function of secondary mirror amplification m for image
clearance ratios of 0.2, 0.5, and 1.0. In a slow system
such as this, a wide range of image clearance is possible
at little expense to obscuration or magnification.









An analysis of the sensitivity of the system to errors in manufacturing
and alignment has not been carried out. The tolerances, in all likelihood,
will not be liberal. However, because this system sufficiently resembles the
Offner and Hindle systems, it should be a reasonably practical arrangement
that will provide a means of laboratory testing a set of cassegrain optics
in a relatively unobscured configuration of compact dimensions. Most impor-
tant, if the cassegrain components are tested in this fashion, a considerable
amount of redundant information may be acquired that will provide a much-
needed verification of the test results for the individual elements.

Calculations have been carried through to higher orders for an entire
sample system (mirrors and reimaging optics). The example chosen is the
396-cm (156-in.) aperture cassegrain telescope being constructed by the Kitt
Peak National Observatory in Tucson. Tentative constructional parameters

for the optical system are tabulated below.

Constructional parameters of 396-cm-aperture cassegrain telescope

Dimensions in cm

Parameter Primary mirror Secondary mirror
Diameter 396.2 118.0

Radius of curvature 2133.6 concave 964.3 convex

Aspheric deformation

4th power 1.41391x10-1! 7.38423x10"10
6th power 1.50185x10718 -1.1294x10715
Mirror separation 749.05

Calculating the fundamental first order descriptive parameters, we get:
m=2.93286; p=0.297857; w=0.46154. The normalized dimensions for our test
system are then: S; =1.491464; S, =3.034738; L =2.13082, and the actual (non-
normalized) values become: Sj(actual) =1591.093; So(actual) = 3237.46;
L(actual) =2273.16.

In the process of designing the reimaging optics (null corrector), a
slight adjustment of these quantities was necessitated by the fact that the
rays in the real system carry significant amounts of aberration and do not

precisely adhere to the paraxially-calculated ray paths.






The residual wavefront spherical aberration of the complete system is

plotted in Fig. 8.
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Pig. 8. Wavefront spherical aberration residual. The aberration
residual in micrometers is plotted as a function of the normal-
ized aperture coordinate.
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