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ABSTRACT OF THE DISCLOSURE 
A light collecting system having a large concave spheri 

cal re?ector and an apertured secondary re?ector having 
a concave surface directed toward the concave surface of 
the large re?ector. The secondary re?ector is aspheric so 
as to recollimate light received from the large re?ector. 
The secondary re?ector is positioned adjacent the paraxial 
focus of the large re?ector so that the latter can act as 
a tertiary re?ector and focus a beam through the aper 
ture of the secondary re?ector. 

This invention relates to catoptric systems for collect 
ing light, particularly for photometry and spectrometry, 
and more particularly to a multiple element catoptric 
system. 

It is dif?cult to make a spectral examination of a dim 
light source, such as a star, using a large, focussing re 
?ector or dish and an ordinary spectrometer. Even at low 
focal ratio, a large telescope dish gives a large image; thus 
the size of the spectrometer slit needs to be increased with 
the diameter of the dish. It is impossible to feed a large 
amount of starlight from a large dish through a narrow 
spectrometer slit; however, widening the slit requires, for 
the same resolution, a physically large spectrometer. Thus, 
with a large dish as a light collector, the conventional 
spectrometer tends to become energy limited rather than 
diffraction limited. In other words, the throughput of 
conventional stellar spectrometers tends to limit the use 
ful size of its ancillary light collecting optics. 

If, however, one considers interference or Fourier 
transform spectrometers (such as are described in Trans 
formation in Optics, L. Mertz, John Wiley & Sons, 1965), 
because they require no input slit, they can accept light 
from very large light collectors, e.g. with dish diameters 
of even one hundred feet. 

It is, therefore, a principal object of the present inven 
tion to provide a light collecting catoptric system for col 
lecting light particularly for use with interference spec 
trorneters. 

Another object of the present invention is to provide 
such a system comprising a focussing concave primary 
re?ector of large diameter, and an apertured, aspheric 
concave ‘secondary re?ector disposed adjacent the paraxial 
focus of the primary re?ector. 

Other objects of the present invention are to provide 
such a system in which the primary re?ector is stationary 
and thus not subjected to variable gravitational ?exure; 
to provide such a system in which the primary re?ector 
has a spherical curvature and so is relatively easy to ?gure 
and test; to provide such a system in which the secondary 
re?ector is mounted coaxially along a radius of the pri 
mary re?ector between the latter and the center of pri 
mary curvature, for rotation about the center; and to pro 
vide such a system in which the ratio of aperture to 
overall size is much larger then for conventional tele 

. scopes. 

These and other objects are attained by providing a 
catoptric system comprising a ?rst spherically concave 
re?ector ?xedly positioned with respect to the earth’s sur 
face for receiving and “focussing” radiant energy from a 
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distant source; a second, aspherically concave, centrally 
apertured re?ector positioned adjacent the paraxial focus 
of the ?rst re?ector for receiving radiant energy re?ected 
by the ?rst re?ector for approximately re?ectively colli 
mating such radiant energy back toward the ?rst re?ector; 
and third re?ector means disposed adjacent the center of 
curvature of the ?rst re?ector for receiving radiant en 
ergy re?ected from the ?rst re?ector to the paraxial focus 
and passed by the aperture in the second re?ector and 
for directing such radiant energy outside of the ?rst re 
?ector. 

Other objects of the invention will in part be obvious 
and will in part appear hereinafter. The invention ac~ 
cordingly comprises the apparatus possessing the con 
struction, combination of elements, and arrangement of 
parts which are exempli?ed in the following detailed dis 
closure, and the scope of the application of which will 
be indicated in the claims. 

For a fuller understanding of the nature and objects 
of the present invention, reference should be had to the 
following detailed description taken in connection with 
the accompanying drawing wherein there is shown an ele 
vational, sectional view through a schematic embodiment 
of a telescope of the present invention. 
As shown in the drawing, the invention comprises a 

large concave primary mirror 20 having a substantially 
spherical curvature for its re?ecting surface 22. Mirror 
20 preferably is stationary, i.e. ?xedly mounted or in 
tegral with respect to the earth’s surface. Because mirror 
20 is not subject to gravitational ?exure due to changes 
in orientation as occurs in conventional large primary 
re?ectors, its mounting can be quite simple. Preferably, 
mirror 20 is supported on a plurality of simple local 
mounts 24 such as jacks, which are movable to provide 
static ?gure adjustment and preferably are constant force 
supports to reduce the effect of earth tremors. 

Mirror 20 thus can have a diameter up to 100 feet. The 
mirror can be formed of a number of materials, for ex 
ample of electroformed, specularly re?ecting metallic 
panels, and can be quite light in weight per unit area of 
re?ecting surface because it needs little self-supporting 
structure. 
Mounted preferably immediately above the paraxial 

focus 26 of primary mirror 20 is aspheric, Gregorian-like 
secondary re?ector 28 having a central aperture 30 there 
in. The concave re?ecting surface 32 of re?ector 28 is 
directed toward the concave surface of mirror 20. 

Means such as support 34 are proved for mounting 
re?ector 28 as aforesaid and for pivotal movement about 
the center of curvature 36 of primary mirror 20. Thus, 
re?ector 28 is movable along an arc concentric with 
the surface of mirror 20 and through a plurality of posi 
tions wherein the optical axis of re?ector 28 is colinear 
with various radii of mirror 20. 
The re?ecting concave surface of the secondary re 

?ector is ?gured in known, symmetrically aspheric man 
ner such that light coming from mirror 20 is substantial 
ly recollimated back toward the latter, i.e. the light re 
?ected by re?ector 28 is in substantially parallel rays or 
in some instances slightly diverging rays for reasons to 
be explained hereafter. 
Means are further provided for directing, at an angle 

to the principal axis of mirror 20, paraxial light passing 
through aperture 30 from mirror 20 in order to observe 
the light outside of the structure of the telescope. To 
this end, in the form shown, plane mirror 38 is pivotally 
mounted at or adjacent center 36 of primary curvature 
to redirect light preferably along a polar axis, the angle 
D between the polar axis and principal axis (i.e. the 
radius of curvature through the center of mirror 20) 
being the declination. 
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It will thus be seen that steering of the telescope is 
accomplished by pivoting the lighter weight optical ele 
ments suspended at the center of curvature 36 of mirror 
20, although a limited range (about 30°) of declina 
tions are available. To describe the operation of the de 
vice, one may consider light rays from a distant source 
(which can be considered collimated light) to be paral 
lel to the principal axis of the primary dish of mirror 
20, as by limiting the angular acceptance of the dish 
by conventional telescope tubing. An exemplary ray 40 
(in solid line) incident adjacent the periphery of mirror 
20 is “focussed” approximately toward the paraxial 
focus 26, and thus is incident on the aspheric surface 
32 of the secondary from whence it is redirected, now 
as an approximately paraxial ray, back toward the pri 
mary dish. Those rays closer to the principal axis and 
not occluded by re?ectors 28 or 38 (shown as exemplary 
ray 42 in broken line) is more tightly “focussed” toward 
the paraxial focus and if not passed by aperture 
32 is also redirected back toward the primary dish 
as a more truly paraxial ray. For all paraxial rays 
re?ected toward mirror 20 from re?ector 28, mir 
ror 20 then acts as a tertiary re?ector and focuses these 
paraxial rays substantially at focal point 26. The pri 
mary, when acting as a tertiary mirror operates at about 
f/ 10 or slower and thus the return of the light to the 
paraxial focus is quite sharp, passing readily through 
aperture 30 to be redirected off of the principal axis 
of mirror 20, whence it may be subsequently employed. 
This allows all corrections for aberrations to be made 
by ?guring the surface of the secondary mirror, and 
the second re?ections from the primary mirror acting 
as a tertiary re?ector introduces minimum additional 
error. 

It will be apparent to those skilled in the art that it 
is not necessary to use mirror 38 but that the light 
collected by the device, after passage through aperture 
30 can be used directly as by positioning an inter 
ferometer in place of mirror 38. 

If as previously noted, re?ector 28 is ?gured not to 
recollimate precisely but instead to diverge slightly rays 
lre?ected therefrom, the eventual focus by mirror 20, 
acting as a tertiary re?ector, will lie slightly above, 
rather than below the secondary re?ector. Thus, the 
focal point will be somewhat more accessible, particu 
larly if one Wishes to substitute instrumentation such as 
photometer for mirror 38. Regardless of whether re 
?ector 28 collimates or diverges re?ected rays, the di 
ameter of re?ector 28 is about on the order of three 
times the diameter of the circle of least confusion of 
the primary “focus.” 

It should be noted that the system described is useful 
only as a large light collector, since even slightly off 
axis aberrations will be so great as to prevent formation 
of useful images. The utility of the device therefore lies 
in photometry and spectroscopy where accurate image 
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formation is usually of considerably less importance 
than light collection. 

It will be appreciated that because mirror 20 is 
spherically ?gured there is no primary optical axis in 
the sense that, for example, a parabolic mirror has such 
an axis. Thus, the term paraxial as used herein refers 
to light rays closely adjacent any radius of curvature 
of the primary mirror which passes through aperture 
30, i.e. is colinear with the optical axis of mirror 28. 
What is claimed is: 
1. A catoptric light collector comprising in combi 

nation, 
a ?rst concave spherical re?ecting surface for receiving 
and focussing radiant energy, said surface being sub 
stantially ?xedly mounted with respect to the earth’s 
surface; and 

an apertured secondary re?ector having a concave, re 
?ecting surface directed toward said first surface and 
being aspheric for substantially recollimating radiant 
energy received from said ?rst re?ecting surface back 
toward the latter, and being positioned adjacent the 
paraxial focus of said ?rst re?ecting surface so that 
the latter can re?ectingly focus the recollimated en 
ergy back through the aperture in said secondary re~ 
?ector, said re?ector being mounted for pivotal move 
ment about the center of curvature of said ?rst sur 
face. 

2. A light collector as de?ned in claim 1 including third 
re?ector means for directing outside of the ?rst re?ector 
substantially radiant energy re?ected from said spherical 
surface to said paraxial focus and through said aperture. 

3. A light collector as de?ned in claim 2 wherein said 
third re?ector has a substantially plane re?ecting surface 
mounted adjacent said center of curvature for pivotal 
movement about the latter. 

4. A light collector as de?ned in claim 1 wherein said 
secondary re?ector and said ?rst re?ecting surface are 
positioned so that said paraxial focus lies between them. 

5. A light collector as de?ned in claim 1 wherein said 
aspheric secondary re?ector is dimensioned in a plane 
across said re?ector about three times the diameter of the 
circle of least confusion of the primary focus of said ?rst 
re?ecting surface. 
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