POWER

By A. G.

A progressive power lens is one in which there is a continuous
change of power over a pre-determined area, the power
thus depending on the direction of the gaze. In some lenses

the lens; in others, the “progressive” area is designed to
bridge the power gap between portions of uniform power for
distance and near vision respectively. ]

The first progressive power lens, invented in 1907 by the
Yorkshire-born optician, Owen Aves, is in a category of its
own. Those devised subsequently can be put into one or
other of the following groups:

Group A: lenses incorporating an aspherical surface of
revolution.

Group B: lenses incorporating a surface of “elephant’s
trunk’® construction.

Group C: lenses incorporating a “homastigmatic” surface.

Group D: lenses of concentric construction.

* Department of Ophthalmic Optics and Visual Science,
The City University.

Fig 21 Vertical section of one of the surfaces employed in Owen Aves’s
progressive power lens

of this kind, the change is continuous over the whole area of

VARIABLE AND PROGRESSIVE

LENSES

4. Progressive Power Lenses

Bennett®

Group E: “Varilux” and similar lenses.
Group F: lenses of variable refractive index.
Group G: miscellaneous designs.

The Owen Aves lens

The patent specification covers both the design of the lens
and machinery for producing surfaces of the type required.
In fact, the combination of two surfaces of a special type was
needed. One is a portion of a conical surface with its axis
vertical and apex down; the other is a surface resembling a
convex cylinder with its axis horizontal, except that in profile
the curve is not a circular arc but one of increasing curvature
from the top downwards. An example of such a curve is the
portion GH of the ellipse shown in Fig. 21.

In combination, the surfaces were to be arranged as shown
in Fig. 22. At every point on the vertical méridian MN of the
conical surface the curvature would be zero vertically, but in
the horizontal plane would increase continuously from M to
N because of the tapering effect of the cone. There would

Fig. 22 Construction of the Owen Aves progressive power lens
(thickness exaggerated for clarity)
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thus be a progressive increase in horizontal power, say, from
+2-:00Dto +4-00D. Similarly, at every point on the vertical
meridian PQ of the other surface, the curvature would be
zero horizontally but in the vertical plane would increase
progressively from P to Q, corresponding to a power variation,
say, from +2-00 D to +4-00 D.

The possibility thus arises that at every point on the
vertical meridian of the lens, the horizontal curvature of one
surface could be substantially matched by the vertical
curvature of the other surface, resulting in continuously
increasing plus spherical power from the top of the lens
downwards.

An obvious drawback of this arrangement is that it does
not lend itself very readily to the incorporation of a cylindri-
cal element, especially at an oblique axis.

A curious episode

In 1913, a letter appeared in The Optician over the signature
of H. Newbold in which the writer described how, in 1907,
he had devised a “multifocal lens’ using a combination of a
conical and “‘an elliptical cylindrical surface” with their axes
at right-angles. He said he had shown the explanatory papers
to Mr A. B. Wells of the American Optical Company, who,
in turn, had shown them to von Rohr at Jena. He went on
to say that the papers had since been returned to him with
the verdict that the idea was not practical. In conclusion, he
stated: “. . . I have been granted a patent for a machine for
working such or like curves of a similar nature—or, in other
words, ‘progressive curves’ ”.

A fortnight later there appeared a letter from Owen Aves
in which he pointed out that the construction described by
Newbold was identical with his own, for which he had been
granted a patent in 1907. His letter concluded as follows:

“It may be interesting to your readers to know that I still
have some of the lenses which I manufactured. The reason
they were not put on the market at the time is that, as in
Mr Newbold’s case. I was told by various authorities that
they were unpractical.

I have not yet procured a copy of Mr Newbold’s specifica-
tion, and therefore cannot say more as to the commercial
value of his patent, but it is at any rate interesting to know
that someone was working along similar lines to myself at a
time when I felt I was all alone.”

Incidentally, the present writer, when he discovered it,
read this letter with enormous interest because it was his
first intimation that Owen Aves had actually made some
lenses in accordance with his patent. This is, perhaps, the
least known though not the least notable of his many achieve-
ments.

Unfortunately, recent efforts to trace one of these lenses
have been unsuccessful. )

In his rejoinder, Newbold acknowledged that he and Owen
Aves had been thinking on identical lines as far as the lens
design was concerned, but said that the machine which was
the subject of his patent was different from Aves’s. He said
he could not offer to show it to Aves because foreign patents
were pending.

Harry Newbold was a prolific inventor but the present
writer has, to the best of his knowledge, examined all the
British patents granted to him. The nearest approach is one
dated 1912 for a machine producing solid bifocals with
elliptical or shaped segments. It is most unlikely that this
was the machine to which Newbold was alluding. The most
probable explanation is that he obtained only a provisional
patent for the progressive curve machine and did not complete
it.

Group A: Aspherical surfaces of revolution

The use of an aspherical surface of revolution to produce the
effect of progressive power has a special attraction frcm the
standpoint of manufacture: it is much easier to produce than

one devoid of axial symmetry. Hence it is not surprising that
aspherical surfaces feature in a number of different con-
structions proposed from time to time. In fact, the first
progressive power lenses to become commercially available
incorporated one surface of this kind.

The “Ultifo” lens

According to Duke-Elder, progressive power lenses were
introduced in 1922 by “Gowlland of Montreal” under the
trade-name “Ultifo”. The present writer has seen no other
reference to these lenses in ophthalmic literature or trade
publications. Detailed information concerning them would
be greatly welcomed.

A search of the patent literature has brought certain facts
to light, including another mystery. In 1914, a Henry
Orford Gowlland of Montreal, Quebec, was granted a Cana-
dian patent for a progressive power lens as shown in Fig. 23.
The concave back surface of the lens formed part of a para-
boloid, the surface produced by the revolution of a parabola
about its axis of symmetry, XX. The convex front surface
was spherical or toroidal according to the distance prescrip-
tion. Because of the decreasing concave curvature of the
paraboloidal surface from the top downwards, the effect
would be a progressive addition of positive power as the gaze
was lowered. Two British patents covering the same con-
struction were granted to Gowlland in 1915. It secemed a
reasonable assumption that the “Ultifo” lenses mentioned
by Duke-Elder were based on Gowlland’s Canadian patent of

1914.

Fig. 23 The Gowlland progressive power lens, employing a concave
paraboloidal surface

1t was therefore with considerable surprise that the writer
subsequently discovered that five years earlier, in 1909, a lens
of identical construction had been patented in America by a
certain Henry Orford, of Philadelphia. Furthermore, the
claims as set out in the abridged Canadian specification are
almost identical in wording to those in the earlier American
patent. It would be too great a coincidence if Henry Orford
of Philadelphia and Henry Orford Gowlland of Montreal
were, in fact, two different persons.

Disadvantages of conicoidal surfaces

As we shall see, there are inherent drawbacks in every known
method of producing lenses of progressive power. The
disadvantages attaching to the use of paraboloidal and other
aspherical surfaces of revolution can be deduced from Fig. 24.
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Fig. 24 Section of a conicoid, showing the sagittal and tangential
centres of curvature (Cs and Ct) for the point P on the surface

The centre of curvature of a very small portion of the
surface surrounding its vertex A is situated on the axis of
revolution, XX, at the point Co. All the normals to the
surface in the plane of the diagram are tangential to a curve
known as the “evolute”. At any given point P on the surface,
there are two principal curvatures in two mutually perpen-
dicular meridians, the tangential (TT) lying in the plane of
the diagram while the sagittal (SS) lies in a plane perpendic-
ular to this and containing the normal to the surface.

In the tangential section, the centre of curvature Cr is
situated on the normal at its point of contact with the evolute.
On the other hand, the centre of curvature Cs in the sagittal
section lies at the intersection of the normal with the axis of
revolution. Because of this, the surface power in the tan-
gential section is weaker than in the sagittal section, resulting
in an unwanted astigmatic effect.

Table No. 2 shows the variation in surface power of a
concave paraboloidal surface at points 10, 20, 30 and 40 mm
below the vertex of the surface, the power at the vertex being
—=8-00 D for a refractive index of 1-523.

Table 2

Variable addition provided by a concave
paraboloidal surface

Dis- Tan- Sagit- Mean
tance gential tal addi-
below surface surface tion
vertex power power Effective addition (S+CJ/2)
(mm) D) @) (D) D)

o —8-00 —8:-00

10 —7-72 —7:91 +0-28 D.S./—0-19 D.C. ax. V. +o0-19
20 —6-98 —7:65 +1-02 D.S./~0-67 D.C. ax. V. +0-69
30 —6-01 —7-27+1-99D.S./—1-26 D.C. ax. V. +1-36
40 —497 —6-82 +3-03 D.S./—1-85D.C.ax. V. +2-11

The axis of the minus cylinder remains vertical only within
a narrow vertical band through the centre of the surface. On
either side of this band the axis changes direction, passing
always through the vertex of the paraboloid.

Subsequent patents
Despite the disadvantages just described—or perhaps in
ignorance of them—aspherical surfaces of revolution have
been employed in a number of patents subsequent to Orford
Gowlland’s.

One of the features of patent literature most surprising to

a layman in this field is the extreme variation in the degree of
detail disclosed. Some patent specifications are admirably
explicit. Others are so vague and uninformative that it is
impossible to discover what original feature, if any, is being
protected.

For example, the progressive power lens construction
patented in France by R. Gauthier as recently as 1958
employs one aspherical surface of revolution, bur the specifi-
cation is so vaguely worded that it would cover the aspherical
lenses described by Descartes some centuries previously.

The two German patents granted to O. Schwarz in 1922
and 1953 (publication dates) for a progressive power lens with
one aspherical surface are even more laconic and uninforma-
tive. The more recent one, which applies particularly to
cataract lenses, makes the incredible claim that the lens is free
from unwanted astigmatism, provides a field of view of 18¢c
degrees, and is about only half the weight of a conventional
cataract lens!

Group B: Elephant’s trunk construction

The term “elephant’s trunk’ was applied by the writer some
years ago to describe a progressive power surface of a radically
different kind.

Imagine an elephant’s trunk in its state of rest to be repre-
sented schematically by a cone, apex down. Now suppose
the trunk to be bent backwards, as in the bun-into-mouth
position, presenting in profile a convex curve of increasing
curvature from the top downwards. An attempted three-
dimensional view of the idealised surface in this position is
shown in Fig. 25. It is not hard to visualise the possibility
that, at every point on the median line MN, the horizontal
curvature could be exactly matched by the vertical curvature.

Fig. 25 The “elephant’s trunk” surface

Volk and Weinberg have suggested that a surface of this
kind can be considered as equivalent in effect to a combination
of two surfaces of the type used in Owen Aves’s design, with
their meridians of zero curvature at 135° and 45°. In Fig. 26,
these components are represented by A and B respectively.
It is supposed that each provides a variation in power from
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+6-00 D to +9-:00D. The sum of the two effects at various
points on the surface is easily deduced and expressed as a
sphero-cylinder in the manner shown in the diagram, which
represents a map of the surface power.

In a central vertical band the effect is substantially spherical,
the power increasing from +6-00 D at the top to +9-00 D
at the bottom. On each side of this central band there is an
astigmatic effect, increasing in magnitude towards the edge of
the lens. The maximum astigmatism is seen to be 3-00 D,
equal in magnitude to the maximum spherical addition.

In fact, as Knoll found for an entirely different construction
to be considered later, it seems to be a feature of several
progressive power surfaces that the astigmatism at the worst
point is of the same order as the maximum addition.

The writer was once informed by Mr R. C. Reid, founder
of Stigmat Ltd., that Owen Aves had many years ago dis-
cussed with him the possibility of producing a progressive
power surface shaped “like a snail’s back”. Though he chose
a different anatomical analogy, there is little doubt that he
had in mind a surface of elephant’s trunk formation.

. Minus axis
: ”’/450 :

Minus axis
1357

Fig. 26 Analysis of the surface power distribution of an elephant’s
trunk surface (based on the suggestion of Volk and Weinberg
Poullain and Cornet’s patents
The use of such a surface seems first to have been suggested
by Poullain and Cornet, who obtained a French patent in
1910. A point of particular interest in the specification is
that it also covers a machine for grinding surfaces of this type.
An American patent was taken out in 1911 and this con-
tains a number of interesting developments. For example,
mention is made of a lens surface in which an elephant’s
trunk curve is worked over part of the area, merging into
another portion of uniform curvature. The possibilities
inherent in a combination of two surfaces of this complex
construction are also explored. A significant omission in the
American specification is the machine described in the
original French version. It is merely stated that ordinary
surfacing methods would not be suitable and that it would
be necessary to have recourse to special machines.

Although the pioneer work of Poullain and Cornet does
not appear to have been rewarded at the time, it has subse-
quently borne fruit in later developments.

Despite differences in terminology and approach, an
American patent granted in 1938 to C. E. Evans appears to
cover the same ground as Poullain and Cornet’s American
patent. The same can be said of the Belgian patent obtained
in 1950 by R. and A. Fritz.

“Varifocal” lenses

A surface of elephant’s trunk construction seems to have been
employed in the “Varifocal” lenses which made their appear-
ance in Italy during the 1950s. They were produced by the
well-known firm of scientific instrument and ophthalmic lens
manufacturers, Officine Galileo di Milano. )

Apart from a trade pamphlet, little seems to have been
published concerning these lenses and it is understood that
they have been discontinued.

A feature of these lenses was that the power increased
continuously from the top of the lens to the bottom, the
addition being reckoned as the difference in power between
two points 36 mm apart on a vertical median line.

In 1958, the writer had an opportunity of examining a pair
of these lenses and was impressed by the excellent quality of
their surfaces. Only a few very faint waves were discernible,
the nature and direction of which helped to throw light on the
geometry of the surface.

It was stated in the trade pamphlet issued by Officine
Galileo that the lenses were of patented construction. No
patent number was quoted, but it is probable that the
reference was to an Italian patent issued in 1958 to A.
Carini, of Milan.

Group C: Guy Bach’s Homastigmatic surface

From the manufacturing point of view, a serious drawback of
the elephant’s trunk construction is that it is not a surface of
revolution. If it could be replaced by a surface of revolution
having broadly similar properties, manufacture would

become much easier. A highly ingenious solution has been
propounded on the following lines.

Fig. 27 Homastigmatic surface of the type originated by Guy Bach,
produced by the revolution of the non-circular arc GK about the axis

QQ

In Fig. 27, GK represents a portion of an ellipse with its
major axis situated on the line XX. Revolution of the curve
about XX as axis would produce an ellipsoidal surface,
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exhibiting progressive power and astigmatism of the type
characterised by Table No. 2. Suppose, however, that the
curve were to be rotated about another axis, QQ. In a
tangential section (e.g., the plane of the diagram), nothing
would alter. The tangential centres of curvature would
remain on the evolute, at the points of contact with the
normals to the curve. In the sagittal section, on the other
hand, the centres of curvature would now be situated on QQ
instead of on XX. There is thus a change of sagittal power at
every point on the surface, and, therefore, a change in the
amount of astigmatism.

If the astigmatism could be stabilised, instead of increasing
continuously from the vertex outwards, we should have a
surface of a type which the present writer proposes to term
“homastigmatic’”. A surface of this kind would provide
progressive power in a central vertical band, accompanied
by an approximately constant astigmatic effect which could,
however, be neutralised by the other surface of the lens.

A numerical example may be enlightening. The equation
to any conic section may be written in the form

Yi=2rox—p x2

in which r, denotes the radius of curvature at the vertex of the
curve and p is a number related to the degree of peripheral
flattening. At any point on the conicoid produced by the
rotation of the conic about its axis of symmetry, the sagittal
radius rs is given by

rs=41o%+(1—p)?
and the tangential radius r; by
re=rs8/ro?

In the original drawing reproduced as Fig. 27, the curve
was part of an ellipse constructed from the equation

y2=100x—0'8 X2

so that ro was 50 (mm) and p was 0-8. This radius corres-
ponds to a surface power of 10-46 D if the refractive index is
taken as 1-523.

The data presented in Table No. 3 were computed from
these equations. The tangential radius at the points G, H, J
and K is given in column (2) and the corresponding tangential
surface powers in column (3). Column (4) shows the sagittal
surface powers that would be needed to stabilise the astig-
matism at 3:00 D and column (5) the corresponding sagittal
radii of curvature. These lengths were marked off along the
appropriate normals, thereby locating the desired sagittal
centres of curvature, indicated by the small circles.

Although these centres lie on a curved line, it is possible to
find a straight line such as QQ which passes very close to all
of them. Consequently, if the curve GK were rotated about
QQ, it would produce a reasonable approximation to a
homastigmatic surface. Of course, the generating curve need
not be limited to a conic.

Table 3

Data used to construct a homastigmatic
surface (see Fig. 27)

@ ¥
(1) (2) (3) Desired Corre-
Distance Tangential Tangential sagittal sponding
radius power power radius
(mm) (mm) D) D) (mm)
50 65:72 +7:96 +10-96 477
40 5988 +8-73 +1I1-73 446
30 5550 +9-42 +12-42 421
20 52-40 +9:98 +12-98 40°3

All plane sections through a homastigmatic surface
containing its axis of revolution are identical. A number of
such sections are indicated by broken lines in Fig. 28, in
which the circle represents part of the homastigmatic surface
of Fig. 27 used as the front surface of a progressive power

lens. In addition to any prescribed cylinder, the back surface
would have to incorporate a —3-00 D cylinder axis vertical.
This would approximately neutralise the cylindrical effect of
the homastigmatic surface in a vertical band surrounding the
median line MN. Elsewhere on the surface, unfortunately,
the axis direction of the front surface cylindrical effect is not
vertical (as indicated by the broken lines in Fig. 28). In
consequence, there is a residual astigmatic effect similar in
kind and degree to that exhibited by a surface of elephant’s
trunk construction.

Fig. 28 Circular portion (median line MN) of a homastigmatic
surface used for a progressive power lens, showing variation in axis
direction from the median line outwards

The originator of this conception seems to have been Guy
Bach, named as the inventor in a French patent issued in
1958 to Soc. Anon. des Manufactures des Glaces et Produits
Chimiques de Saint-Gobain, Chauny & Cirey. This establish-
ment, now known as Compagnie de Saint-Gobain, is under-
stood to be willing to consider proposals from lens manu-
facturers interested in making such lenses under licence.
The invention is also patented in Great Britain and certain
other countries, but an application for an American patent
was not granted.

The “Omnifocal” lens

In 1965 it was announced by House of Vision, Inc., of
Chicago, that production of a range of progressive power
lenses, to be named “Omnifocal”, had commenced after 2 years
of research and development. Distribution in the USA was
to be undertaken by Univis, Inc., and the firm of Robinson-
Houchin, Inc., of Columbus, Ohio, was named as one of the
manufacturers.

The theoretical basis of these lenses had, in fact, been
described some 3 years earlier in a paper by Volk and Wein-
berg in Archives of Ophthalmology. The principle does not
appear to differ in essentials from the construction described
in Compagnie de Saint-Gobain’s patent. The authors refer
to the progressive surface as “isostigmatic—a term open to
the objection that it does not convey the meaning intended.
That is to say, the surface is not equally stigmatic but equally
astigmatic.

It is understood that an application for an American
patent was made in 1961 by Volk and Weinberg but has not
so far come to fruition. A similar application, made in the
name of J. C. Band, did, however, result in the grant of a
British patent in 1966.

The patent specification includes a mathematical discussion
of “isostigmatic” and related surface, and of manufacturing
techniques. (to be continued)
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Group D: The concentric construction

One possible construction having the advantage of being
a surface of revolution has occurred to a number of inventors.
In its general arrangement the lens closely resembles a
solid (one-piece) invisible trifocal of the concentric type,
the intermediate portion being replaced by one of progressive
power bridging the gap between distance and near. The
essential features of the design are shown in Fig. 29 which
is a section through a portion of the lens blank, drawn
considerably out of scale in the interests of clarity. For
the same reason, the illustration shows a flat lens form but
it will be appreciated that a curved lens form would present
the same essential geometrical features.

Fig. 29 The concentric type of progressive power lens. Upper figure:
section through part of lens blank. Lower figure: front view of
finished lens (on a smaller scale)

The central portion of the blank, the area in which the
full near addition is operative, has its centre of curvature at
C, situated on the axis of revolution of the blank, YY. The
outer zone, corresponding to. the distance portion, is plane
and perpendicular to YY. If produced, these two surfaces
would meet at E but are, in fact, separated by an inter-
mediate zone of progressive curvature, extending from G
to H. To present a continuous appearance free from dividing
lines it is essential that the near and intermediate surfaces
should share a common normal CG at their point of junction,
and that the intermediate and distance portions should
have a common normal at their point of junction H.

* Department of Ophthalmic Optics and Visual Science,
The City University.

Variable and progressive power lenses

5. Conclusion
A. G. Bennett*

As the diagram makes clear, this latter condition is possible
only if the intermediate surface becomes concave in the
tangential meridian near its junction with the distance
portion. In the sagittal section, however, the curvature
remains convex because all the sagittal centres of curvature
necessarily lie on the axis of revolution. Hence one would
expect to find a negative addition combined with a strong
plus cylinder immediately on passing from the distance to
the progressive portion. This theoretical prediction has
been confirmed by practical measurements reported by
Knoll (1952).

The earliest patent based on this construction was pro-
bably granted in 1918 to A. E. Paige, of Philadelphia. In
1946, a patent for a lens of similar construction was issued
to Howard D. Beach, a photographer, of Buffalo, New York.
Lenses to this design were marketed in the USA by the
Beach Lens Corporation. )

The “Infinite Focal Lens”, manufactured by the Franklin
Optical Company, of Buffalo, New York, seems to be
another member of this family. It has been described by
Abbott. There are doubtless others.

An interesting member of this group is the lens patented
in 1922 by Harold J. Stead of Geneva, New York—a well~
known and greatly respected name in the American ophthal-
mic optical industry. In Stead’s design, the intermediate
band of progressive power is very narrow, and, in the
admirably candid language of the patent specification,
“js of non-optical character, of irregular and uncertain
curvature . ..”’. Stead was under the impression that the
eyes were ‘‘severely shocked” by an abrupt change of
power from distance to near and vice versa, and that a
gradual transition even of mediocre quality would be an
improvement.-

H. J. Birchall

The remarkable efforts of the late H. J. Birchall, for several
years the managing director of Messrs. C. W. Dixey & Son
Ltd, to develop a practical form of progressive power lens
have never been publicised. Except to the handful of people
directly involved, they are still unknown. The writer is
delighted to have this opportunity of inviting a wider public
acclaim for Birchall’s pioneer work.

It was very largely a private venture, but Birchall never-
theless patented a number of different constructions, one
of which might possibly have been developed into a com-
mercial success. He was convinced that there was a future
for progressive power lenses, and was encouraged by the
reports of patients, friends, and colleagues for whom he
made lenses to their own prescriptions.

In an unpublished manuscript dated December 14, 1944,
Birchall summarised the progress he had made up to that
time. It is a fascinating document. The writer frankly
declared that his approach was practical, rather than mathe-
matical, and commented: ‘“...I have found it sufficiently
difficult to work out a method by which such lenses could
be economically produced at all and I am quite content
that improvements in quality of surface and the correction
of form defects shall evolve as a consequence of experience
gained in their manufacture and use in ordinary everyday
conditions.”
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The manuscript also throws light on Birchall’s two
patents. The first of these, published in 1934, was for a
progressive power lens having one surface of elephant’s
trunk construction, the lens being used either singly or, for
certain purposes, in combination with other similar lenses.
At this stage it must be admitted that the term ‘“‘elephant’s
trunk”, for which the present writer accepts responsibility,
lacks precision. It covers a whole family of surfaces, the
essential common feature being that at every point on a
vertical median line, the horizontal and vertical curvatures
are equal to each other though increasing continuously from
the top downwards.

To define the surface more exactly it would be necessary
to specify its equation in three-dimensional co-ordinates.
Alternatively, one could specify the equation to the curve
in a vertical section along the median line and the nature
of sections in planes perpendicular to the median line.

Birchall’s first patent did not specify the equation to the
curve along the median line but made it clear that all sections
perpendicular to it were circular. The patent specification
included details of a machine for producing such surfaces.

The later patent, applied for in 1945 and obtained in 1948,
embodies two significant developments. One is explained
in Fig. 30, reproduced from Birchall’s manuscript. Fig. 30(a)
illustrates the appearance of a square grid viewed through
a lens of Birchall’s original construction. Birchall concluded
that a better effect would be obtained by modifying the
surface such that all sections perpendicular to the vertical
median line decreased in curvature from the middle of the
lens outwards. The appearance of a square grid would
then be as illustrated in Fig. 30(b).

The second and more important development is sum-
marised in Claim 2 of the patent specification, which covers
a lens in which a progressive surface merges into a spherical
surface at either or both ends. Fig. 31, also reproduced
from the manuscript, illustrates the type of lens envisaged.
Birchall remarks that “It is also possible to decentre the
lower half of the lens gradually at the same time as the
power is increased”.

Birchall’s untimely decease in 1952 unfortunately brought
his work to an end. In paying tribute to his memory one
should also recall the name of the late C. L. Winter, the
gifted engineer who worked with him for many years.

Group E: Varilux and similar lenses

Varilux lenses, introduced by the Société des Lunetiers
(Essel) in 1959, are the only progressive power lenses to
have achieved a considerable commercial success. They
are very much the creation of Bernard Maitenaz, who found
in their development an ideal outlet for his outstanding
talents as an optical designer, mathematician, and engineer.

Maitenaz has himself described the study and experi-
mentation which preceded the final choice of lens design.
Several different constructions were considered and rejected
before the final decision was taken.

Dl
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Fig. 30. Sketches reproduced from the late H. ¥. Birchall’s un-
published manuscript: (a) Magnification effect of a lens made in
accordance with his original patent. (b) Effect of a lens made in
accordance with his later patent

| DisTANCH
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Fig. 31. Sketch from H. §. Birchall’s manuscript showing a pro-
gressive power lens with areas of umiform power for distance and
near

Fig. 32. The Varilux lens

As far as can be deduced from a study of the Essel patents
and publications, and of Varilux lenses themselves, the
construction of the operative surface is approximately as
follows. The upper half, down to an invisible horizontal
line of junction, is spherical. There is then a change to a
surface of elephant’s trunk construction having the same
horizontal radius of curvature at the line of junction. To
allow for the convergence of the eyes, the median line of
this part of the surface is inclined downwards and inwards.
At 12 mm below the horizontal line of junction the pro-
gressive surface merges into another spherical portion which
has the curvature demanded by the full near addition.
The diameter of this spherical area varies from about
20—21 mm to about 15—16 mm as the near addition increases.
Its boundary is quite invisible and there is no image jump
at the top.

The arrangement of the various portions of the lens is
illustrated in Fig. 32. For purposes of verification of the
near addition, a small circle with its centre 14 mm below
the line of junction and 25 mm inwards from the distance
optical centre is employed. ‘

In a straight-top segment solid bifocal of the “Executive”
type, the ridge increases in depth from the centre outwards.
In a somewhat analogous fashion, the optical change at
the horizontal line of junction of a Varilux lens becomes
more marked and abrupt towards the periphery.
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It generally takes the successful wearer up to a week or
more to accustom himself to the peculiarities of Varilux
lenses. Some of these are due to the construction of the
lens itself but others are inherent in any surface of progressive
power. For example, as objects are viewed in indirect
vision through different portions of the lens, when the head
is moved, there is an apparent undulation aptly termed by
the French balancement. This is an inescapable consequence
of the change in magnification inseparable from progressive
power.

Accuracy in fitting all lenses of this type is essential.
The distance of the pupil centre from the bridge of the
nose should be measured for each eye independently, and
any difference in the level of the pupils should be taken into
account.

Ingenuity of a very high order is needed to produce such
complex surfaces to an acceptable standard of quality.
It is not the least of Maitenaz’s achievements to have solved
these daunting practical difficulties in addition to the theo-
retical problems of the lens design.

A plastics version of the Varilux lens, made from C.R.39,
was introduced into Great Britain in 1966 under the trade-
name ‘““Variplas”,

The “Zoom” lens, introduced a few years ago by the
French firm Benoist Berthiot, appears to have a basic
« @ construction very similar to that of the Varilux lens, though

. differing in minor points of detail. It can certainly be
regarded as belonging to the same category. This remark
applies also to the “Gradal” and “Progressiv’ lenses
marketed in West Germany by Zeiss and Rodenstock
respectively.

Group F: Variable refractive index lenses

One other possible way of producing a progressive power
effect would be to use a lens material having a controlled
local variation of refractive index. In 1963, J. R. Benford
and C. H. Brumley, of Bausch & Lomb, Inc., applied for a
United States patent for a lens embodying this idea. The
application does not appear to have been granted but patents
have been obtained in France and Great Britain, possibly in
other countries as well.

The English and French patents make reference to an
American patent granted in 1950 to H. H. Spiegel, of the
Bell & Howell Company, Chicago. This covers the com-
position and thermal treatment of a molten glass batch so
as to produce a variation in refractive index through at
least a portion of the batch. It is claimed in the specification
that the variation in refractive index is of the order of 0-012
over a length of 0612 in. This is clearly insufficient to
produce an effect of the magnitude demanded by a progres-
sive power lens.

In the Bausch & Lomb patent, the construction shown
in the drawing is a round-segment fused bifocal in which
the segment varies in refractive index from 1523 at the
top to 1-665 at the centre. Other possible constructions are
mentioned, but one wonders whether the technical means
of realising so large an index difference over so short a
distance are yet in existence.

An earlier Belgian patent based on variable refractive
index in a different form was issued in 1961 to A. de Candt.
This patent covers a large number of different constructions,
some of them relating to contact lenses. A common feature
is the introduction of a liquid, which can be changed, or
two or more liquids of different specific gravity and re-
fractive index, into the cavity of a hollow lens.

The earliest patent for a variable index construction was
probably that granted in 1924 to L. W. Bugbee, of Indiana-
polis. The method he proposed was to make a fused bifocal
in which the segment was composed of at least three different
glasses of different refractive indices. Small nodules of
each of these materials were to be arranged in concentric

o
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zones, the highest refractive index in the centre. In the
fusing process they would unite to form a single segment
indistinguishable in appearance from an ordinary fused
segment. Bugbee’s patent was assigned to the Franklin
Optical Co. but does not appear to have borne fruit.

Group G: Miscellaneous designs

It now remains to describe a number of progressive power
lenses which cannot be fitted into any of the categories
already discussed.

In 1920, the same A. E. Paige who had previously obtained
a patent for a concentric type of progressive power lens
obtained a patent for another lens of ingenious construction
but doubtful utility.

The lens was in curved form, the front surface being
differently worked above and below a horizontal line. The
upper half of the surface was spherical and the lower half
toroidal, its shallower principal meridian being horizontal
and of the same curvature as the spherical portion. For
example, the upper part might have had a spherical power
of +6-00D and the lower part a power of +6-00D horizont-
ally and +8-00D vertically. There would be no obvious
dividing line, and the effect would be that of a bifocal with
a near addition consisting of a plus cylinder axis horizontal.

There is, of course, no element of variable or progressive
power in this construction. It has been mentioned only
because of its similarity to a later lens, claimed to have
progressive power, patented in 1924 by Dr A. Estelle
Glancy, of American Optical Company.

In Dr Glancy’s invention, the lower half of the convex
surface was not toroidal in the orthodox sense of that term,
though its curvature did vary from a minimum in the
horizontal to a maximum in the vertical. The precise form
of surface envisaged was that generated by a circle, initially
horizontal, rotating about a diameter but continuously
decreasing in size until it was vertical and then gradually
reverting to its original size as it again approached the
horizontal. During this process, its vertex remains at the
same fixed point.

Dr. Glancy’s argument was that since this surface is
truly circular in any oblique section, it must be free from
astigmatism, and that the power varies in different meridians
from a minimum in the horizontal to a maximum in the
vertical.

It seems to the writer that this invention is based on a
misconception. The surface described is fundamentally
an astigmatic one, its departure from an orthodox toroidal
surface being of a secondary nature. Like all astigmatic
surfaces it has only two principal powers. The idea that
there can be intermediate “powers” in oblique meridians
of an astigmatic lens or surface has been shown by many
writers to be fallacious.

Meyrowitz’s fused bifocal

A novel approach is embodied in a patent issued in 1923
to E. B. Meyrowitz, founder of the international firm of
dispensing opticians bearing his name. His idea was to
make a fused bifocal with the contact surface of aspherical
form, being more steeply curved at the vertex than at the
periphery. To produce this surface he suggested that it
be divided into a number of concentric zones, each worked
with a slightly different spherical curvature. The polishing
process, it was argued, would remove the dividing lines
and merge the various zones into a continuous surface of
the type desired.

J. H. Jeffree’s patent

Unwanted astigmatism is the most common defect of
progressive power surfaces. A number of designers have
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attempted to improve matters by using one surface of the
lens to neutralise, if only to a partial extent, the unwanted
astigmatism created by the other surface.

For example, in J. H. Jeffree’s patent, obtained in 1957,
two surfaces of progressive power are used in conjunction,
each being more steeply curved in the horizontal than in
the vertical meridian. A method of arriving at a preliminary
design is explained but it is emphasised that much subse-
quent calculation may be necessary. According to this
invention, either or both surfaces may be surfaces of revolu-
tion, in which case they would have some affinity with
Bach’s homastigmatic surfaces.

A. and R. Fritz’s patent

A more recent Belgian patent by A. and R. Fritz also utilises
two unconventional surfaces, rather in the manner of Owen
Aves’s construction but in curved form. This combination
of surfaces would produce approximately the same optical
effect as a single surface of elephant’s trunk construction.
There are no apparent advantages to offset the greater
difficulty of production.

The Lau-Jaeckel-Riekher lens

A progressive power lens has been developed at the Institut
fir Optik und Spektroskopie (East Berlin) by Lau, Jaeckel,
and Riekher. To the best of the writer’s knowledge, this
lens has not yet gone into regular commercial production
but a number have evidently been made for clinical trials.

The original East German patent, granted in 1954 but
published in 1959, is exceptionally uninformative. Little
can be gleaned from the diagram, which is not even mentioned
in the text, and the nature of the progressive surface is not
disclosed. Although it is claimed that the unwanted astig-
matism inherent in the progressive surface is neutralised,
at least in part, by the oblique astigmatism due to the lens
form, no data are put forward to justify this assertion.

The West German Auslegeschrift patent, published in
1969, is a little more informative, and a few further details
can be pieced together from individual papers by Lau
(1956), Jaeckel (1958), Miitze (1961), and Reiner (1967).

It would appear that the front (progressive) surface of
the lens is a surface of revolution, the central portion of the
generating curve being of progressive curvature and the
surrounding portion circular. The two portions of the
curve could meet without discontinuity at a common normal
but the centre of curvature of the circular portion would
necessarily be offset from the axis of revolution. This
means that the distance portion of the surface would be
unavoidably afflicted with unwanted astigmatism. On the
other hand, there would be no unwanted astigmatism at
the vertex of the generating curve, at which point the reading
addition would reach its maximum value.

The Kanolt-Farrand lens

Another approach to the problem of reducing unwanted
astigmatism is described in great detail in a patent issued
in 1959 to C. W. Kanolt. Briefly, the principle is to divide
the lens into a number of areas bounded by straight lines.
Different curves are worked in these areas. Nevertheless
the equations to the various curves are so chosen that there
is no apparent discontinuity at any dividing line. Various
possible constructions of this type are discussed, the per-
formance of each being presented graphically in diagrams
resembling contour maps. Fig. 33(a), for example, shows
the variation in spherical power over the entire area of one
of the Kanolt lenses, while Fig. 33(b) shows the amount of
residual astigmatism in various areas of the same lens.

The patent rights have been assigned to the Farrand
Optical Co., Inc., of New York. The writer is unable to
say whether manufacture of these lenses has been under-
taken or is contemplated, an enquiry addressed to the firm
concerned having elicited no response.

Optical and clinical evaluations

A number of studies have been published in which pro-
gressive power lenses of various kinds have been evaluated
from a wearer’s standpoint. Though this aspect of pro-
gressive power lenses falls somewhat outside the scope of
the present study, some of the more notable papers will be
mentioned here.

One objective method of evaluation is to explore local
variations in power, including any unwanted astigmatism
inherent in the lens construction, with the aid of a specially
adapted focimeter. This method was used by Knoll in
1952 to examine a central vertical band of a Beach lens.
Ten years later, Knoll published the results of a similar
study of Varilux and Varifocal lenses, together with the
Younger Seamless Bifocal which does not purport to be
a progressive power lens.

A more extensive exploration of a Varilux lens was made
in 1961 by Reiner, using a large number of focimeter readings
to construct a contour map showing the various degrees
of unwanted astigmatism. In 1967 he published similar
contour maps of Lau-Jaeckel-Riekher, Varilux, and Omni-
focal lenses. In two subsequent papers, Reiner made a
similar analysis of other progressive power lenses that had
recently been introduced. A map of the dioptric power
at various points on a Varilux lens, based on focimeter
readings, was published by I. Bennett et al. in 1965.

Theoretical studies from different viewpoints of the nature
of the retinal image obtained with progressive power surfaces
have been published by Le Grand and Maitenaz, both in
1967.

A clinical evaluation of Lau-Jaeckel-Riekher lenses was
included in a paper by Miitze presented in 1962, Clinical
evaluations of Varilux lenses have been made by Bruens
(1967 and 1968) and by Vesper (1964) who also included
Lau-Jaeckel-Riekher lenses in the scope of his study. Many
other papers on clinical experiences with Varilux lenses have
appeared.

A suggested new design

So many ideas in this field have been put forward only
to be forgotten that one more will make little difference.
With no hope at all that it will ever be realised, the writer
would like to end this review by presenting an idea of his
own.

Every progressive power lens designed so far has been
free from visible dividing lines. This is not an essential
requirement. The great success achieved in recent years
by straight-top segment solid bifocals has demonstrated :
that the presence of a visible ridge is tolerated if the lens
is functionally efficient. The freedom from vertical image
jump characteristic of these lenses means in practice that

Fig. 33. One of the Kanoli-Farrand lenses: (a) Lines showing power
variation in 1/8D intervals from —1-00D at the top to +1-00D
at the bottom. (b) Lines showing areas of residual astigmatism in
1/8D steps
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Fig. 34 The present writer’s suggestion for a progressive power lens

“&the field of view appears to be just as continuous as with a

progressive power lens.

With this in mind, the writer suggests a lens made as
illustrated in Fig. 34. In principle it could be produced
by taking a finished lens to the distance prescription and
sinking in it a segment of about 20 mm diameter, ground
at such an angle as to eliminate image jump at its top.
The segment surface would be of elephant’s trunk construc-
tion giving a progressive addition up to, say, +1-50D at
10 mm below the top.

To provide a reading portion of uniform power, a second
segment of spherical curvature and of any desired power
and diameter would then be ground into the lens, obliterating
the bottom part of the first segment. This surface, too
would be ground so as to ecliminate image jump at the
dividing line.

A lens so made would have no wasted areas of indistinct
vision and would present no greater problems of adaptation
than conventional trifocals.

The ideal correction for presbyopia would restore to the
eyes’ focusing that element of flexibility previously supplied
by the crystalline lens.

Immense effort has been devoted by many people in
various countries to the quest for this ideal lens. Many
different avenues have been explored. It has been the aim
of this paper to furnish a comprehensive account of the
solutions propounded to date, and to promote a better
understanding of the formidable problems to be surmounted.
One hopes, also, that the account here given may serve as
a stimulus to further thought and invention.

In preparing this study the writer greatly profited by
earlier reviews, notably those by von Rohr (1916) and
Graham (1942) but has subsequently gleaned much addi-
tional information, not generally known, from patent litera~
ture and other sources. Many gaps must nevertheless
remain, and any reader who can help to fill them is requested
to communicate with the writer or the Editor.
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A note on patents

Inventions are frequently patented in more than one country.
The above references give the title and details of the original
patent. The number and date of the corresponding British
patent is given whenever known but details of patents taken
out in additional countries are given only if mentioned in the
text. The data quoted is that of publication, which is not neces-
sarily the date on which the patent came into force.
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