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This invention relates to a method of polishing a spher 
ical surface or an aspheric surface approximating to a 
basic spherical surface and also to apparatus for carry 
ing out such method. 
Known methods of polishing an at least approximate 

ly spherical surface usually result in a considerable de 
gree of unevenness in polishing, the central portion of 
the surface more especially often being polished to a 
greater extent than portions near the edge. 
The object of the present invention is to provide an 

improved method of polishing and apparatus for per 
forming such method whereby ‘the degree of uneven 
ness in polishing an at least approximately spherical sur~ 
face is appreciably reduced. 

In the method of polishing according to ‘the present 
invention, the element having the surface to be polished 
and the polishing element are relatively rocked effective 
ly about a pivot axis passing through or at least close 
to the centre of curvature of the spherical surface to be 
polished or ‘through or at least close to the centre of cur 
vature of the basic ‘spherical surface approximating to 
the aspheric surface to be polished, the polishing element 
having a polishing surface which, in all relative positions 
of the two elements, extends over the whole area of the 
surface to be polished. 

It will often be convenient for the pivot axis to lie at 
right angles to the axis of symmetry of the surface to be 
polished. 

Conveniently, simultaneously with the relative rock 
ing of the two elements, either the element to be polished 
is rotationally driven relative to the polishing element. 
about the axis of symmetry of the surface to be polished 
at a slow speed such that numerous relative rocking move 
ments are completed during one complete relative rev 
olution, or alternatively the polishing element is rota 
tionally driven relative to the element to be polished 
about an axis which is collinear with the axis of sym 
metry of the surface to be polished in one relative posi 
tion of the two elements, the relative rotation being ef 
fected at a slow speed such that numerous relative rock 
ing movements are completed during one complete rel 
ative revolution. Preferably, in either of these cases, 
the undriven element is freely mounted to rotate in the 
same sense as the rotationally driven element due to fric 
tional drag between the two elements. 

For vfurther assisting in the uniformity of polishing, 
the polishing element may conveniently be caused to 
press against the surface to be polished with substantial 
ly uniform pressure over the whole area of such surface 
by means of ?uid pressure acting on such polishing ele 
ment. 
For facilitating adequate polishing at the edge of the 

surface, the ‘element having the surface to be polished 
may conveniently be supported by a workholder carry 
ing an annular surround coming close to the circular edge 
of the surface to be polished and having a surface which 
forms a substantially continuous extension of the spher 
ical surface to be polished or of the basic spherical sur 
face approximating to the aspheric surface to be polished 
around the periphery thereof, such surface extension c'on 
stituting a surface with which a portion of the polishing 
element can cooperate while the remainder of such pol 
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ishing element is in engagement with the surface to be 
polished. 
The polishing apparatus according to the present in 

vention comprises a workholder member for carrying the 
element having the surface to be polished, a polishing ele 
ment for cooperation with the surface to be polished, a 
supporting member for the polishing element, a pivotal 
mounting for either the Workholder member or the sup 
porting member for the polishing element, the axis of such 
pivotal mounting passing through or at least close to the 
centre of curvature of the spherical surface to be polished 
or through or close to the center of curvature of the basic 
spherical surface approximating to the aspheric surface 
to be polished, a prime mover, and means for coupling 
such prime mover to» the pivoted member so that such 
member is caused to rock about its pivotal mounting rel 
atively to the other member, the polishing element hav 
ing a polishing surface which, in all relative positions of 
the two members, extends over the whole area of the 
surface to be polished. _ 
The axis of the pivotal mounting may conveniently lie 

substantially at right angles to the axis of symmetry of 
the surface to be polished. 

In one arrangement, one of the two relatively rocked 
members constituted by the workholder member and the 
supporting member for the polishing element consists 
of a rotatable shaft whose axis is substantially collinear 
with the axis of symmetry of the surface to be polished 
at least in one relative position of the two members, driv 
ing means being provided for rotating such shaft at a 
slow rate such that numerous relative rocking movements 
are completed during one complete revolution of such 
shaft. Preferably, with this arrangement, the second of 
the two members constituted by the worlcholder member 
and the polishing element supporting member is freely 
mounted to rotate in the same sense as the rotationally 
driven shaft due to frictional drag between the elements 
carried by such members. ' 

Conveniently, means may be provided for adjusting the 
position of the element carried by the pivoted member 
towards or away from the axis of the pivotal mounting 
for such member so as to vary the radius of the arcuate 
movement of such element when its supporting member 
is rocked, the element carried by the other members also 
being movable to maintain cooperation of such two ele 
ments. 
The polishing element may conveniently form part of 

the polishing device claimed and described in the pres 
ent applicants’ copending US. patent application No. 
9,086, ?led February 16, 1960, such polishing device 
comprising a piece of ?exible sheet material which con 
stitutes the polishing element, and means for applying 
?uid pressure to such piece of ?exible sheet material to 
cause such ?exible piece to press against the surface to 
be polished with substantially equal force at all points of 
contact therewith. The ?exible piece may conveniently 
constitute the wall or part ‘of the wall of a chamber to 
which ?uid under pressure can be admitted. 
The workholder member may conveniently constitute 

the'main workholder body of an arrangement of work 
holder within the scope of that claimed and described in 
the present applicants’ copending ‘US. patent application 
No. 9,086, tiled February 16, 1960. In such workholder 
arrangement, the workholder body, in addition to carry 
ing means for supporting the element to be polished, also 
carries an annular surround coming very close to the cir 
cular edge of the surface to be polished and having a 
surface which forms a substantially continuous extension 
of the spherical surface to be polished or of the basic 
spherical surface approximating to ‘the aspheric surface 
to be polished around the periphery thereof. Such an 
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nular surround, in one arrangement, is constituted by a 
mass of resinous material on which the extension of the 
surface to be polished is formed. 
j The invention may be carried into practice in various 
Ways, but a preferred method of polishing and appara 
tus for effecting such method according thereto will now 
be described by way of example with reference to the 
accompanying drawings, in which: 
FIGURE 1 is a front view of the preferred polishing 

apparatus, . 

FIGURE 2 is‘ a 
apparatus, 7 , 

FIGURE ,3 shows in detail the preferred arrangement 
of workholder and polishing device forming part of the 
preferred polishing apparatus and applied to the polish 
ing of a convex surface, and 

plan ‘view of the preferred polishing 
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FIGURE 4 shows a modi?cation of the arrangement - 
of workholder and polishing device of FIGURE 3 applied 
to the polishing of acconcave surface. 7 

For convenience such preferred method and apparatus 
will be described with reference to a workpiece constituted 
by an optical lensrelement having a concave or convex ' 
surface to be polished which constitutes a segment of an 
at least approximately spherical surface. 
The preferred polishing apparatus (see FIGURES l 

and 2) comprises a ?xed base consisting of three mem 
bers arranged generally in the form of a right-angled 
triangle, the shortest member A2 of the three members 
extending rearwardly from near one end of the member’ 
A1 constituting the front of the base whilst the third mem- - 
ber A3 connects the other end \of the front member A1 
with the‘ rear end of the’ shortest member A?. The front 
member A1 constitutes a generally horizontal guide along 
which can move, for adjustment purposes, a framework 
member B carrying above the base a rotatable shaft C 
whose axis extends in the direction of the length of the 
guide A1.‘ The framework member B carries a bracket 
B1 on which is mounted an'electric motor D coupled 
with a large reduction ratio, to the rotatable shaft C. 
On the rearwardly extending base member A3 is carried 

a supporting framework in the form of a rectangular sec 
tioned column A4 oblique to the front and on top of 
which is mounted an elongated supporting block A5 which 
extends obliquely forwards over the front base member 
A1.“ Over such front base member A1, the supporting .1 
block A5 carries a vertical pivot shaft E'itself carrying at 
its lower end a generally. horizontal arm F along which 
can move, for adjustment purposes, a second framework 
member G. The second framework member G carries a 
freely rotatable shaft H whose axis lies in the horizontal ' 
plane containing the axis of the above-described driven 
horizontal shaft C. The upper ‘end of the vertical pivot 
shaft E, above the supporting block A5, carries a general 
ly horizontal crank I connected through a coupling'arm 
J1 to a generally horizontal crank arm J2 carried by a 
rotatable vertical shaft K supported near its upper and 
lower ends by means of brackets K1 and K2 projecting 
from the supporting framework A4 and A5, such rotatable 
shaft K being driven at or near its lower end by means of 
a belt drive ‘L1 from ‘a second electric motor L. The ac 
tion of ‘this mechanism due to operation of‘the second 
electric motor L is such that a swinging movement is 
imparted to the crank I through the crank arm I2 and 

~ coupling ‘aim J1, and the movement ofxsuch crank I 
causes the pivot shaft E, together with the generally 
horizontal arm F, the second framework member G and 
the freely rotatable horizontal shaft H, to rock about 
the axis of such pivot shaft E. The axis of the freely 
rotatable horizontal shaft H therefore swings about such 
pivot axis E in a horizontal plane containing the axis of 
the ?rst horizontal shaft C, and the arrangement is such 
that, substantially in the middle position of such swinging 
movement, the axes of the two horizontal shafts C and H 
are collinear. Means are provided, such for example as the 
pin and slot coupling shown at J3, for adjusting the eife'c 
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tive length of the crank arm J2 carried by the rotationally 
driven vertical shaft K so that the amplitude of the swing 
ing movement can be varied. 
The two ‘above-described horizontal shafts C and H 

which can be relatively rocked are used to carry a polish- . 
ing device for engagement with the surface to be polished 
and the workpiece constituted by the optical lens element 7 
having such surface. For convenience it will be assumed ~ 
herein that the polishing device is carried. by the rota 
tionally dniven shaft C whilst the workpiece is carried by 
a workholder carried by the freely rotatable horizontal 
shaft H. A preferred arrangement of polishing device, 
and workholder is later described with reference “to FIG 
URE 3, but in FIGURE 1 the polishing device is in 
dicated at M and the workholder at. N. ' 

In use, the position of the second frameworkmember 
G on the swinging horizontal arm F is adjusted so that 
the centre of curvature of the spherical surface to be, ' 
polished, or the centre of curvature of the basic spherical 
surface approximating to the aspherical surface to be 
polished, lies on the axis of the vertical pivot shaft E V _ ’ 
carrying such arm F and such framework member G. 
The position of the ?rst frameworkmember B on the 
guide A1 constituted by the front-base member is then 

' adjusted to bring the polishing device M into engagement 
with the surface of the workpiece to be polished, such 
workpiece being carried by the workholder N. Opera 
tion of the second electric motor L therefore causes a 
relative rocking motion between the workpiece carried by ' 
the workholder N and thepolishing device M about an 
axis passing through the centre or effective centre of the 
surface to be polished. Further, operation of the ?rst 
electric motor D causes the polishing device M to rotate 
at a slow speedvabout its axis, which is collinear with the 
axis of its supporting shaft C.‘ The lens element con‘ 
stituting the workpiece, together with its supportingshaft 
>H, will then'rotate in the same sense as the polishing . 
device Mv about the axis of such supporting shaft-H, due ' 
to frictional drag between the lens element ‘and the'polish 
ing device N. Such rotation of the lens element and shaft 
H will in practice be somewhat irregular and at an average 
speed less than that of' the polishing device N. The-speed 
_of rotation of the polishing device N is such that numerous 
rocking movements of the workpiece in the workholder 
M are completed during one complete revolution of such ‘ 
polishing device N. The polishing is effected ‘almost en 
tirely clue to the relative rocking of the workpiece and 
the polishing device. ' ~ 

‘A polishing device is employed, for example of the kind ' 
described below, which in all relative positions of such 
device and the workpiece completely covers the surface 
to be polished when the amplitude of the rocking mo 
tion is appropriately adjusted. This is of great imporr ' 
tance in achieving a relatively even'degree of polishing, 
and in practice it is found that sufficiently even polishing 
is achieved even when the solid angle subtended by the 
surface to be polished at its centre of curvature is quite. , 

The slow rotation of the polishing device and ' large. 
free rotational mounting of the lens element also help 
to reduce any unevenness in polishing due to variations 

. of the polishing surface carried by the polishing device or 
of the polishing slurry with which such surface ~~ is im-. ' 
pregnated. It is important, however, that such rotation 
shall be slow so that the contribution towards actual 
polishing a?orded bysuch rotational movement is at 
least very small, since a greater degree of polishing is 
effected near the edge of the workpiece due to such rota-: 
tional movement than near the centre of the workpiece; 
The achievement of evenness in polishing is also assisted’ 

by the use of a polishing device which is caused to press 
against the surface to be polished with substantially equal 
force at all parts of contact therewith. Conveniently, 
the polishing device claimed and described in the present 
applicant’s copending United States patent application 
Serial No. 9,086, ?led February 16, 1960, may be used 
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for this purpose. Such preferred polishing device, in 
combination with a preferred arrangement of workholder 
to be later described, is shzgwn in FIGURE 3 applied to 
the polishing of a convex at least approximately spherical 
surface and in FIGURE 4 a olied to the polishing of a 
concave at least approxitn-"s ,1 spherical surface. 
URE 3 also shows details of the preferred rotatably driven 
shaft C for carrying the preferred polishing device. 

Such preferred polishing device comprises a piece of 
?exible sheet material preferably formed in two layers, 
consisting for example of canvas-type material of the 
kind commonly known as Rexine, which is impregnated 
with pitch and can be used with a suitable abrasive slurry 
for polishing purposes, having a lining of plastic sheet 
material impervious to air, for example thin sheet poly 
thene. For clarity, this ?exible piece P is shown in the 
drawings as a single layer only. The ?exible piece P 
having the air-impervious lining is fastened over the end 
face Q1 of a cylindrical ?tting Q carried at the end of 
the driven horizontal shaft C adjacent to the workpiece, 
such shaft C and ?tting Q being provided with a central 
bore C1 through which air under pressure can be admit 
ted to an air pressure chamber P1 formed between the 
?exible piece P and such operative end face Q1 of the 
end ?tting Q on the shaft C. For admitting the air to 
‘the bore C1 in such driven rotatable shaft C, a portion 
‘of such shaft C near its end remote from the workpiece 
is surrounded by a ?xed sleeve C2, the shaft C having 
radial inlet ports C3 each connecting with an annular 
air inlet chamber C4 formed within the sleeve C2 around 
the shaft C and the sleeve having a radial inlet port C5 
connecting such air inlet chamber C4 with the air supply 
pipe C6. Over its central portion the driven rotatable 
shaft C is surrounded by a supporting ?xed sleeve C7 
itself mounted in the framework member B of the polish 
ing apparatus. ’ 

In order to make the air pressure chamber P1 air 
tight, the ?exible piece P near its periphery passes over 
a peripheral edge Q2 formed on the end ?tting Q ad 
jacent to such chamber P1 and is tightly secured to the 
?tting Q beyond such peripheral edge Q2 by means of a 
securing ring Q3. The actual arrangement of the-?tting 
Q on the end of the driven horizontal shaft C varies ac 
cording to the nature of the surface to be polished. 
Thus in the case shown in FIGURE 3 of the convex 

surface to be polished, the ?tting Q is in the form of 
a thin-walled cup-shaped extension of the shaft C and 
the ?exible piece P is passed over the circular end edge Q2 
thereof. . 

In the modi?ed polishing device of FIGURE 4 for a 
concave surface to be polished, the end face Q1 of the 
fitting Q is made convex with a curvature somewhat less 
than that of the concave surface to be polished, and the 
outside wall of such ?tting Q is provided with a peripheral 
projection Q2 immediately adjacent to the periphery of 
such end face Q1, the ?exible piece P passing over such 
peripheral projection Q2 and being fastened to the out 
side wall of the ?tting Q immediately beyond such pro‘ 
jection Q2. ~ 

In each of these cases, the diameter of the cylindrical 
?tting Q at the point having the peripheral edge Q2 is 
large enough to secure in position a ?exible piece P of 
su?icient area to extend completely over the surface to be 
polished in all relative positions of the workpiece and 
the polishing device. 

In use, the ?exible piece presses uniformly against 
the surface to be polished over the Whole area thereof 
notwithstanding any small irregularities or deviations from 
smoothness in such surface. 

It will be clear that during any polishing operation in 
which the above-described device is employed it is im 
portant to ensure that the ?exible piece P does not at 
any time during its movement relative to the surface to 
be polished, project appreciably beyond the edge of such 
surface without an abutment for such projecting por 
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6 
tion, for in this case the air pressure may cause the ?exible 
piece P to burst at its projecting region or at least to 
bulge out in a manner which may give rise to uneven 
polishing. It is, however, di?icult to obtain as adequate 
and even polishing at the edge of the surface as over its 
central portion unless the polishing ?exible piece P is 
permitted to pass, at least in part, beyond the edge of 
such surface. It is therefore preferred, in conjunction 
with the polishing device, to use a special form of work 
holder for the workpiece having the surface to be pol 
ished, such workholder having a surface portion which 
forms a substantially continuous extension of the surface 
to be polished around the periphery thereof. ' 

One arrangement of workholder described in the present 
applicant’s US. patent application No. 9,685, ?led Feb 
ruary 16, 1960, is especially suitable for this purpose. 
Such workholder arrangement is shown in FIGURE 3 
for a workpiece R having a convex spherical surface 
to be polished and comprises a main workholder body S 
having a generally hemispherical surface S1 whose curva 
ture is approximately equal to that of the surface to be 
polished, such workholder body S having a screwthreaded 
recess S2 in its ?at face by means of which it can be 
attached to the appropriate end of the freely rotatable 
shaft H for supporting such workholder, such shaft being 
provided with an appropriately screwthreaded boss H1 
for this purpose. At the centre of its generally spherical 
surface S1, the main workholder body S is provided 
with a cylindrical recess S3 of just sui?cient diameter to 
receive the workpiece R, and of depth less than the thick 
ness of such workpiece. The lens element R is thus lo 
cated in such recess S3 with the surface to be polished 
exposed and standing out from the generally spherical 
surface S1 of the main body S owing to the relatively 
small depth of the recess S3, which may conveniently be 
equal to about one half of the axial thickness of the lens 
element R. Over its generally spherical surface S1, the 
main workholder body' S carries a moulded annular 
layer T of resinous material closely surrounding the work 
piece R and having a surface flush with the surface to be 
polished, the spherical curvature of such surface of the 
resinous layer T being substantially equal to that of the 
surface to be polished. It will be appreciated that the 
thickness of the resinous layer T will be of the order of 
one half of the thickness of the lens element R but that 
such thickness may not be uniform, the degree of uni 
formity depending on the di?erence between the curva 
ture of the generally spherical surface S1 of the main 
holder body S and the curvature of the surface to be pol 
ished. 
The above-described workholder is shown in FIGURE 

4 modi?ed to suit a workpiece P having a concave spheri 
cal surface to be polished. Thus, in this case, the main 
body of the workholder S may be provided with a gen 
erally hemi-spherical internal surface S4 having a central 
recess S3 for receiving the workpiece P whilst the mould 
used for producing the annular layer T of resinous mate 
rial Will have an external spherical surface of curvature 
substantially equal to that of the concave surface to be 
polished. I ' 

As has been previously mentioned, the above-described 
polishing device in use presses uniformly against the sur 
face to be polished notwithstanding any small irregulari 
ties or deviations from smoothness in such surface. The 
polishing device is thus especially useful for the polishing 
of an aspheric surface, i.e. a surface approximating to a 
basic spherical surface. 

It has usually been necessary hitherto, in the produc 
tion of an optical element having an aspheric surface, to 
form a rough approximation to such surface and then to 
carry out accurate expert ?guring during the polishing 
stage in order to produce the desired asphericity accurate 
ly. It has now been found possible, for example by the 
method described in the present applicants’ copending US 
patent applications Nos. 9,087 and 9,088 ?led February 
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l6, 1960 to produce the desired asphericity accurately 
without the need for such ?guring during polishing, the 
accurate aspheric surface produced by such method being 
leftrwith a “grey” surface finish requiring uniform polish-. 
ing for which the above-described polishing, device is espe 
cially useful. ' 

.'Ihe workholder above-described is also especially use 
ful for a workpiece having an approximately spherical 
surface to be polished, for example an aspheric surface 
approximating to a basic spherical surface. In this case, 
the surface of the annular surround constituted by the res 
inous layer T is arranged to form an extension of the 
basic spherical surface to which such aspheric surface ap 
proximates. Thus, such surface of the annularvsurround 
T will form part of asurface at least approximating to 
the spherical surface having, in the case of a generally 
convex surface, the largest radius and in the'case of a 
generally concave surface the smallest radius, which con 
tacts the surface to be polished at its circular edge only. 
The above-described workholder may be modi?ed in 

various ways and in fact it will be appreciated that it is not 
essential to use a mass of resinous material on which to 
"form the generally spherical surface portion thereof, such 
surface being formed for example on a metal or glass 
member surrounding the workpiece, such member being 
carried by or forming part of the main workholder body. 

170. 
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With the above-described arrangement of polishing de- ' 
vice and workholder, shown in FIGURES 3 and 4 re 
spectively for a convex and a concave surface. to be pol 
ished, it is arranged that the area of ?exible piece P en 
closed by the peripheral edge Q2 over which'it passes is 
slightly greater than the area of contact of such ?exible 
piece P in use with the work surface formed by the work 

, piece R and the annular surround T of the workholder. _ 
"35 Toensure this, thearea of ?exible piece P enclosed by the 

30 

edge Q2 is made appropriately greater than the plane area ' 
enclosed by such edge Q2, the actual amount greater clear 
ly depending also on the curvature of the surface to be 
‘polished. Thus, the whole'of the ?exible piece P en 
closed by the peripheral edge Q2 is pressed against the 
work surface exceptfor a narrow. annular strip adjacent 
to such peripheral edge Q2 on the ?tting Q carrying such 
‘?exible piece P,. the framework member B carrying the 
rotatably driven shaft C being moved ‘along its guide A1 
so that the operative end of the ?tting Q on such shaftC 
‘is slightly spaced from such work surface. 
" 7 It will be appreciated that the above-described arrange 
ment of polishing apparatus and method of use thereof to 
effect polishing may be modi?ed in various ways Within 
the scope of the invention. 'For example, insteadof 
mounting the worksholder on a freely rotatable shaft, 
‘such shaft may be ?xed and the workholder mounted to 
rotate freely. on bearings carried by such shaft. Again, 
the rocking motion may be produced in ways other than 
that described, for example by means of a cam which 
acts to rock the workpiece and the polishing device effec-' 
tively about an axis passing through the centre or effec 
tive centre of the, surface to be polished. Further, if de 
sired, both the rocking movement and the rotating move 
ment'may be imparted to one of the two members re 
spectively carrying the workpiece and the polishing device, 
the other of such two members being ?xed or rotatable ‘ 
but, undriven. ‘ a 

What 'I claim as my invention and desire to 
Letters Patent is: 1 ~ ' 

l. A method of uniformly polishing an’ aspheric sur 

secur'e by 

7 face of revolution which deviates only by small amounts 
from a basic spherical surface by means of a ?exible pol 
ishing element having a cooperating polishing surface, 
which method comprises the steps of imparting a relative 
reciprocating movement to said ?exible polishing element 
and the surface to be polished, said movement being di 
rected along a great circle of said basic spherical surface, 
maintaining the polishing element in contact with the en 
tire area of the surface to be polished throughout said 
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relative reciprocating movement, and varying the orienta 
tion of the reciprocating movement with respect (to the 
surface to be polished by imparting a relative rotational 
movement to said surface and polishing element by rota 
tionally driving one of them about its axis of symmetry, 
the relative displacement per unit of time caused by said 
reciprocating movement being greater than that caused ' 

- by said rotational movement. 
2. A method of polishing as claimed in claim 1, accord 

ing to which the surface other than that driven rotationally 
is left free to rotate in the same direction as the rotational 
_ly driven surface under the action of the frictional drag 
between the two. ' _ . . . : 

3. A method of polishing as claimed in claim 1, accord 
ing to which ?uid pressure is used to press the ?exible’ ' 
polishing element into contact with the surface to be pol~ 
ished to maintain uniform polishing pressure over the 
whole area of contact with the surface to be polished. I 

4. Apparatus for polishing an aspheric surfaceof revo 
lution which deviates .by only small amounts from a basic 
spherical surface, comprising a workholder memberffor 
carrying the element having the aspheric surface to be 
polished, a ?exible polishing element cooperating with the 
surface to be polished and having a polishing surface area 
greater than that of the surface to be polished, a support-7 
ing member for such polishing element, a'pivotal mount- 7 _ 
ing for one of such two members having the center of its 
pivot axis at the center of the basic spherical surface, 
means for imparting a reciprocating movement to such piv 
oted member about its pivot axis relatively to the other 
.member with an amplitude of reciprocation such that the 
polishing surface of the polishing element remains in con 
tact with the whole of the surface to be polished through 
out the whole of the reciprocating movement, thereby 
maintaining a uniform polishinge?ect over the whole of ' ' 
the surface to be polished, and means for varying ‘theori 
'entation of such reciprocating movement relatively to the . 
surface to be polished, such means consisting of means 
for rotating one .of the two members about its axis‘ of 
symmetry at a speed at which the relative displacement 
due to such rotation 
rocation. ' 

5. Polishing apparatus as claimed in claim 4, including 
means whereby that one of the two members which is not' 
driven rotationally is mounted to rotate freely about its 

. axis of symmetry, whereby the frictional drag between the 
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polishing element and the surface to be polished will cause 
such undriven member to rotate in its mounting'in the 
same sense as the driven member. . 

6., Polishing apparatus as claimed in claim 4, including 
means ‘for adjusting the position of the element carriedvby 
the pivoted member in a direction towards or away from 
the pivot axis thereby varying the radius of the arcuate 
reciprocating movement, and means for effecting corre 
sponding adjustment of the position. of the element car- ‘ I 
ried by the other‘ member to ensure cooperation between 
the two elements in the position of adjustment. ' 

7. Polishing apparatus as claimed in claim 4, in which 
the polishing unit constituted by the polishing element and 
the supporting member therefor includes apiece of. ?exible 
sheet material carrying the polishing surface, means for V 

' anchoring such ?exible sheet at its edge to the supporting 
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member and thereby forming a chamber between the ?ex- . 
ible sheet and the supporting member, and means for sup 
plying. ?uid under pressure to such chamber whereby the 
?exible sheet is pressed against the surface to be polished 

. with equal pressure at all points of contact with such suré 
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face. _ 

8. Polishing apparatus as claimed in claim 7, in which 
the workholder member includes a part having an annular 
spherical surface substantially conforming to the said 
basic spherical surface, such annular spherical surface 
having its inner edge portion closely adjacent to the periph 
eral edge portion of the surface to be polished and form 

is less than that caused by said recip- ' 



9 
ing a substantially continuous extension thereof, whereby 
the polishing surface on the ?exible sheet engages not only 
with the surface to be polished but also with such exten 
sion thereof. 

9. Polishing apparatus as claimed in claim 4, in which 
the workholder member includes a part having an annular 
spherical surface substantially conforming to the basic 
spherical surface, such annular spherical surface having 
its inner edge portion closely adjacent to the peripheral 
edge portion of the surface to be polished and forming a 
substantially continuous extension thereof, whereby the 

5 

19 ‘a 
?exible polishing element engages not only with the sur 
face to be polished but also with such extension thereof. 
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