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This invention relates to the production of aspherical
surfaces on optical elements such as lenses, mirrors and
the like and, more particularly, to methods and appa-
ratuses for producmg aspheric optical surfaoes by a gen-
erating operatlon

Optical science and the optical industry are presently
confined to the capabilities and limitations of generating
grinders and polishers to six fundamental spherical optical
surfaces; biconvex, planc-conveXx, concavo-convex, bicon-
cave, plano-concave and convexo-concave, The limited
potential of the six basic spherical shapes, as opposed to
the widely varied optical needs of mankind, have created
technical problems which in many cases can be solved,
if at all, by combinations of the fundamental optical sur-
face shapes resorting, where necessary, to such devices as
immersed lenses or lens. glass combinations of different
refractive indices or to manual grinding and polishing by
only the most highly skilled artisans.

Optical systems limited to- spherically generated sur-
faces are subject to imperfections. Among the more com-
mon imperfections characteristic of spherical optical sur-
faces are spherical aberration, chromatic aberration,
astigmatism, distortion ‘and curvature of field.

Moreover, a number of potentially valuable optical
systems cannof be produced with spherically ground
lenses. For example, a wide field angle lens is incom-
patible with a large aperture and aplanatic lenses of large
aperiure cannot be orthoscopic.

- The present invention overcomes these disadvantages
and limitations by providing a mass production method
and apparatus for the generation of aspherical lenses of
uniform quality. The invention thus frees optical science
and the optical mqustry from the limitations imposed by
spherical optical st-faces.

More particuiarl’, the invention involves applying pres-
sure to an optical blank to flex, bend or otherwise deform
it, and while the blank is temporarily deformed it is re-
generated with conventional grinding means to form a
spherical surface on one or both sides of it. After grind-
ing is completed, the blank is relieved of pressure. The
optical blank, ground spherically while distorted out of
its natural shape, upon relief of the pressure, returns to

. an undeformed condition, converting the spherical sur-

face or surfaces to an aspherical surface or surfaces,

This invention may be applied to the production of
aspherical surfaces on products other than optical prod-
ucts, for example, flexible metal diaphragms, plastics and
the like.

For a better understandmg of the present mventmn
reference may be had to the accompanying drawings in
which:

FIGURE 1 is a'view in section of an optical blank hav-
ing a concave spherical surface;

FIGURE 2 is a view in section of the optical blank
during spherical regeneration under temporary stress dis-
tortion according to one embodiment of the present inven-
tion;

FIGURE 3 is a view in section of the optical blank
after spherical regeneratxon and stress relief;

FIGURE 4 is a view in section of an apparatus for
practicing the invention;
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FIGURE 5 is a view in section of another apparatus* :
for practicing the invention; o

FIGURE 6 is.an exploded view in section of another. -
form of optical device having an aspherical surface in
accordance with the invention;

FIGURE 7 is a view in section of the lens shown in
FIGURE 6 in assembled condition.

As shown in FIGURE 4, a pressure vessel 10 is fitted
with an aperture 12 of a size suitable to accommodate
a lens blank 14 such as a plano-¢oncave lens blank or a
concave mirror blank, and a seal -16. A pressurizing
medium 18 such as gas or liquid can be introduced into
the pressure vessel 10 through a.pressure line 20. The
optical blank or work piece 14 having a concave surface
22 ground on radius R, is placed against the pressure
seal 16 in the pressure vessel 10. The pressure within
the pressure vessel 10 in which the lens 14 is mounted is
increased to distort the spherical surface 22 of the lens
14 to the non-spherical surface indicated by the line 24. .
Conventional generating lens grinding machiney (not .

shown) regenerates the distorted surface 22 of the optical ,

blank 14 to a spherical shape on the radius R’ as shown
in FIGURE 2 while the blank is distorted.

On relieving the pressure within the vessel 10, the opti-
cal blank 14 returns to its initial undistorted shape and
the surface 22 assumes a permanent aspherical shape de--
scribed by the variable radius of curvature P of FIGURE
3. The particular aspherical shape is determined by the .
radii of spherical generation and regeneration, -and the
amount of distortion of the blank during regeneration.

As shown in FIGURE 35, it is not necessary for the
pressurizing means or medium to be a gas or fluid. A
low-melting metal or resinous material for example a -
fluid epoxy resin 28 containing a hardener or catalyst may
be introduced under pressure into. a chamber 30 within
a leak-tight vessel 32, in which an optical blank 34 is
mounted to bend. or distort the blank. The hardener or

. catalyst causes the resin medium 28, to solidify and there-

by retain the optical blank 34 in its distorted shape there-
by preventing flexing of the blank during regeneration.

The hardened resin 28 can be removed from the blank
34 after regeneration is completed by grinding or, if its
surface 36 has been suitably treated, as for example, with

oil, grease, a silicone or the like before deformation, the .-

solid layer of resin can be peeled readily from the blank.
A further embodiment of this invention enables aspher-
ical surfaces to be generated on thick lenses which are
not readily deformable by pressurizing means. One com-
ponent of the lens includes a thick lens element 40 having-
a spherical surface 42, ground to ‘the radius R. A thin
lIens element 44 is provided with a concave surface 46 -

complemental to the surface 42 and a convex aspherical -

surface or side 48 which has been produced, as described .-

above, by deforming the lens element 44, spherically gen- .

erating the surface 48 and then.releasing the lens ele-
ment of pressure. The matching surfaces or sides 42 and

46 are placed in contact as shown in FIGURE 7, provid- - :

ing a lens with an aspherical surface 48. :

It is of course, understood that this technique is not
limited in application to lenses, but may be applied to
the production of any optical surface. Furthermore, the
two contacting surfaces 42 and 46 could be flat, that is,
spherically ground with an infinite radius, R.

Many variations of this method. and apparatus are pos-
sible. For example, the blank may have initially flat sur-
faces which can be ground concavely or convexly while
the blank is deformed. Grinding apparatus can be located
on either or both sides of the optical blank and with the
generating apparatus inside or outside of the pressure .
vessel. The blank can be deformed non-uniformly by
localized unequal flexing arising from variations in the .



