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SACV10-708 JVS (ANx)
OAKLEY, INC, a Washington Case %To.:
corporation,
- COMPLAINT FOR PATENT
Plainiff, INFRINGEMENT
V8. DEMAND FOR JURY TRIAL

SWITCH VISION SYSTEMS, LLC, a
New Jersey limited liability company,
Defendant

-_—

Plaintiff, Oakley, Inc. (hereinafter referred to as "Oakley™) complains of
Defendant Switch Vision Systems, LL.C (hereinafter referred to as "Switch") and
alleges as follows:

JURISDICTION AND VENUE
1. Jurisdiction over this action is founded upon 28 U.S.C. §§ 1331 and
1338. Venue is proper under 28 U.S.C. 8§ 1391(a-c) and 28 US.C. § 1400(b).
Defendant resides in thig Judicial district, the claim arose in this Judicial district]
and Defendant s doing business in this Judicial district.
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THE PARTIES

2. Plaintiff Oakley, Inc. is a corporation organized and existing under the
laws of the state of Washington having its principal place of business located af
One Icon, Foothill Ranch, CA 92610.

1. Oakley is informed and believes, and thereupon alleges, tha
Defendant Switch was and is a limited liability corporation duly organized and
existing under the laws of the state of New Jersey with its principal place of
business located at 103 Fairfield Road, Fairfield, NJ 07004. Oakley is informed,
and believes, and thereupon alleges, that Defendant sells its products in this
district, directs sales and marketing to this district, and otherwise puts its products,

including the accused products, in the stream of commerce for resale in this

district.
FACTUAL BACKGROUND
3. Oakley is a manufacturer and seller of high performance eyewear and
accessories.

4. In 1995, employees of Oakley developed certain lens technology that
features optically corrected lenses in nonprescription dual lens eyeglasses
("decentered noncorrective lenses"). Decentered noncorrective lenses provide for
better optical quality and minimal prismatic distortion. This lens technology,
known in the industry as Oakley’s “XYZ Optics®,” is incorporated in numerous
lines of Oakley sunglass products. All of these lines of sunglasses have enjoyed
enormous commercial success, which is expected to continue. Since developing]
the XYZ Optics technology, Oakley sought and obtained several patents
disclosing, claiming, and protecting this technology.

5. Oakley is the owner by assignment of U.S. Patent No. 5,648,832 duly
and lawfully issued on July 15, 1997, describing and claiming the invention of
Malcolm Neal Houston, James H. Jannard and Carlos D. Reyes entitled
"DECENTERED NONCORRECTIVE LENS FOR EYEWEAR" protecting
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Oakley’s XYZ Optics technology embodied in its various lines of sunglasses. Al
true and correct copy of U.S. Patent No. 5,648,832 is attached hereto as Exhibit 1
and incorporated herein by reference.

6. Oakley is the owner by assignment of U.S. Patent No. 5,689,323 duly,
and lawfully issued on November 18, 1997, describing and claiming the invention|
of Malcolm Neal Houston, James H. Jannard and Carlos D. Reyes entitled
"DECENTERED NONCORRECTIVE LENS FOR EYEWEAR" protecting
Oakley’s XYZ Optics technology embodied in its various lines of sunglasses, Al
true and correct copy of U.S. Patent No. 5,689,323 is attached hereto as Exhibit 2
and incorporated herein by reference.

7. Oakley is the owner by assignment of U.S. Patent No. 5 .969,789 duly
and lawfully issued on October 19, 1999, describing and claiming the invention of
Malcolm Neal Houston, James H. Jannard and Carlos D. Reyes entitled
"DECENTERED NONCORRECTIVE LENS FOR EYEWEAR" protecting
Oakley’s XYZ Optics technology embodied in its various lines of sunglasses. A
true and correct copy of U.S. Patent No. 5,969,789 is attached hereto as Exhibit 3
and incorporated herein by reference.

8. Oakley is the owner by assignment of U.S. Patent No. 6,010,218 duly
and lawfully issued on January 4, 2000, describing and claiming the invention of]
Malcolm Neal Houston, James H. Jannard and Carlos D. Reyes entitled
"DECENTERED NONCORRECTIVE LENS FOR EYEWEAR" protecting
Oakley’s XYZ Optics technology embodied in its various lines of sunglasses. A
true and correct copy of U.S. Patent No. 6,010,218 is attached hereto as Exhibit 4
and incorporated herein by reference.

9. Oakley is the owner by assignment of U.S. Patent No. 6,168,271 duly
and lawfully issued on January 2, 2001, describing and claiming the invention of
Malcolm Neal Houston, James H. Jannard and Carlos D. Reyes entitled
"DECENTERED NONCORRECTIVE LENS FOR EYEWEAR" protectingj
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Oakley’s XYZ Optics technology embodied in its various lines of sunglasses. A
true and correct copy of U.S. Patent No. 6,168,271 is attached hereto as Exhibit 5
and incorporated herein by reference.

10.  Defendant Switch is presently marketing and selling sunglass models|
specifically including but not limited to its the Tenaya, Avalanche, and Headwall
sunglass models, with decentered corrective lenses which embody the subject
matter claimed one or more of the claims in Oakley's U.S. Patent Nos. 5,648,832,
5,689,323, 5,969,789, 6,010,218 and 6,168,271.

11.  Defendant received actual notice of Oakley's proprietary rights in itg
Patents-In-Suit by way of actual notice. Additionally, Oakley sunglasses come in
packaging that contain patent notification constituting constructive notice to the
Defendant of Oakley’s rights in at least its 5,648,832, 5,689,323, 5,969,789,
6,010,218 and 6,168,271patents. Despite such notice, of Oakley’s patent rights|
Defendant is continuing to sell its infringing models. On information and belief]
Defendant’s infringement was willful and wanton.

12. Oakley is informed and believes and thereupon alleges that the sale of
Defendant’s infringing sunglasses has resulted in lost sales, has reduced the
business and profit of Oakley, and has greatly injured the goodwill and reputation
associated with Qakley, all to Oakley's damage in an amount not yet fully]
determined. Oakley seeks a judgment and award of damages to compensate it in an|
amount equal to no less than a reasonable royalty.

[3. Moreover, the Defendant wrongfully profited from Oakley's invention
by selling sunglasses that infringed Oakley's 5,648,832, 5,689,323, 5,969,789
6,010,218 and 6,168,271 patents. The exact amount of profits realized by
Defendant as a result of its infringing activities are presently unknown to Oakley,
as are the exact amount of damages suffered by Oakley as a result of thesd
activities. These profits and damages cannot be accurately ascertained without an|

accounting.
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FIRST CLAIM FOR RELIEF

14, The allegations of paragraph 1 through 13 are repled and realleged as
though fully set forth herein.

15. This is a claim for patent infringement and arises under 35 U.S.C. §§
271 and 281.

16.  Jurisdiction is founded upon 28 U.S.C. §§ 1331 and 1338.

17.  Oakley is the owner of U.S. Patent No. 5,648,832, which protects,
among others, products embodying Oakley’s XYZ Optics technology embodied in
its various lines of sunglasses, as set forth above. By statute, the patent is
presumed to be valid and enforceable under 35 U.S.C. § 282.

18.  Defendant Switch, through its agents, suppliers, employees and/ot
servants, manufactured, imported, offered for sale and sold sunglasses that fall
within the scope and claims contained in U.S. Patent No. 5,648,832, without any
rights or license under that patent.

19. Oakley is informed and believes, and thereupon alleges, that
Defendant Switch willfully infringed upon Oakley's exclusive rights under the
patent, with full notice and knowledge thereof. Defendant is presently selling
infringing sunglasses, has not ceased the sale thereof, and will continue to sell
unless restrained by this court, all to the great loss and injury of Oakley.

20.  Oakley is informed and believes and thereupon alleges that Defendant
Switch has derived, received, and will continue to derive and receive from these
acts of infringement, gains, profits and advantages in an amount not presently,
known to Oakley. By reason of these acts of infringement, Oakley has been and
will continue to be greatly damaged. Oakley is seeking a judgment and award of
damages in an amount of not less than a reasonable royalty.

21.  Defendant Switch will continue to infringe U.S. Patent No. 5,648,832
to the great and irreparable injury of Oakley, for which Qakley has no adequate

remedy at law unless said Defendants are enjoined by this court.
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SECOND CLAIM FOR RELIEF

22.  The allegations of paragraph 1 through 13 are repled and realleged as
though fully set forth herein.

23.  This 1s a claim for patent infringement and arises under 35 U.S.C. §§
271 and 281.

24.  Jurisdiction is founded upon 28 U.S.C. §8§ 1331 and 1338.

25.  QOakley is the owner of U.S. Patent No. 5,689,323, which protects,
among others, products embodying Oakley’s XYZ Optics technology embodied in
its various lines of sunglasses, as set forth above. By statute, the patent is
presumed to be valid and enforceable under 35 U.S.C. § 282.

26. Defendant Switch, through its agents, suppliers, employees and/or
servants, manufactured, imported, offered for sale and sold sunglasses that fal]
within the scope and claims contained in U.S. Patent No. 5,689,323, without any
rights or license under that patent.

27. Oakley is informed and believes, and thereupon alleges, that
Defendant Switch willfully infringed upon Oakley's exclusive rights under the
patent, with full notice and knowledge thereof. Defendant is presently selling]
infringing sunglasses, has not ceased the sale thereof, and will continue to sell
unless restrained by this court, all to the great loss and injury of Qakley.

28.  Oakley is informed and believes and thereupon alleges that Defendant
Switch has derived, received, and will continue to derive and receive from these
acts of infringement, gains, profits and advantages in an amount not presently
known to Oakley. By reason of these acts of infringement, Qakley has been and
will continue to be greatly damaged. Oakley is seeking a judgment and award of
damages in an amount of not less than a reasonable royalty.

29.  Defendant Switch will continue to infringe U.S. Patent No5,689,323
to the great and irreparable injury of Oakley, for which Oakley has no adequate

remedy at law unless said Defendants are enjoined by this court.
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THIRD CLAIM FOR RELIEF

30.  The allegations of paragraph 1 through 13 are repled and realleged as
though fully set forth herein.

31.  This is a claim for patent infringement and arises under 35 U.S.C. §§
271 and 281.

32, Jursdiction is founded upon 28 U.S.C. §§ 1331 and 1338.

33.  Oakley is the owner of U.S. Patent No. 5,969,789, which protects,|
among others, products embodying Oakley’s XYZ Optics technology embodied in
its various lines of sunglasses, as set forth above. By statute, the patent ig
presumed to be valid and enforceable under 35 U.S.C. § 282.

34. Defendant Switch, through its agents, suppliers, employees and/or
servants, manufactured, imported, offered for sale and sold sunglasses that fall
within the scope and claims contained in U.S. Patent No5,969.789, without any
rights or license under that patent.

35. Oakley is informed and believes, and thereupon alleges, that
Defendant Switch willfully infringed upon Oakley's exclusive rights under the
patent, with full notice and knowledge thereof. Defendant is presently selling
infringing sunglasses, has not ceased the sale thereof, and will continue to sell
unless restrained by this court, all to the great loss and injury of Oakley.

36.  Oakley is informed and believes and thereupon alleges that Defendant
Switch has derived, received, and will continue to derive and receive from these
acts of infringement, gains, profits and advantages in an amount not presently]
known to Oakley. By reason of these acts of infringement, Oakley has been and
will continue to be greatly damaged. Oakley is seeking a judgment and award of
damages in an amount of not less than a reasonable royaity.

37.  Defendant Switch will continue to infringe U.S. Patent No. 5,969,789
to the great and irreparable injury of Oakley, for which Oakley has no adequate]

remedy at law unless said Defendants are enjoined by this court.
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FOURTH CLAIM FOR RELIEF
38.  The allegations of paragraph 1 through 13 are repled and realleged as
though fully set forth herein.
39.  This is a claim for patent infringement and arises under 35 U.S.C. §§

271 and 281.
40.  Jurisdiction is founded upon 28 U.S.C. §8§ 1331 and 1338.
41.  Oakley is the owner of U.S. Patent No. 6,010,218, which protects,
among others, products embodying Oakley’s XYZ Optics technology embodied in
its various lines of sunglasses, as set forth above. By statute, the patent is
presumed to be valid and enforceable under 35 U.S.C. § 282.
42.  Defendant Switch, through its agents, suppliers, employees and/ox
servants, manufactured, imported, offered for sale and sold sunglasses that fall
within the scope and claims contained in U.S. Patent No. 6,010,218, without any;
rights or license under that patent.
43. Oakley is informed and believes, and thereupon alleges, that
Defendant Switch willfully infringed upon Qakley's exclusive rights under the
patent, with full notice and knowledge thereof. Defendant is presently selling
infringing sunglasses, has not ceased the sale thereof, and will continue to sell
unless restrained by this court, all to the great loss and injury of Oakley.
44.  Oakley is informed and believes and thereupon alleges that Defendant
Switch has derived, received, and will continue to derive and receive from these
acts of infringement, gains, profits and advantages in an amount not presently
known to Oakley. By reason of these acts of infringement, Oakley has been and
will continue to be greatly damaged. Oakley is seeking a judgment and award of
damages in an amount of not less than a reasonable royalty.
45.  Defendant Switch will continue to infringe U.S. Patent No. 6,010,218
to the great and irreparable injury of Oakley, for which Oakley has no adequate

remedy at law unless said Defendants are enjoined by this court.
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FIFTH CLAIM FOR RELIEF

46.  The allegations of paragraph 1 through 13 are repled and realleged ag
though fully set forth herein.

47.  This is a claim for patent infringement and arises under 35 U.S.C. 8§
271 and 281.

48.  Jursdiction is founded upon 28 U.S.C. §§ 1331 and 1338.

49.  Qakley is the owner of U.S. Patent No. 6,168,271, which protects
among others, products embodying Oakley’s X YZ Optics technology embodied in
its various lines of sunglasses, as set forth above. By statute, the patent is
presumed to be valid and enforceable under 35 U.S.C. § 282.

50.  Defendant Switch, through its agents, suppliers, employees and/on
servants, manufactured, imported, offered for sale and sold sunglasses that fall
within the scope and claims contained in U.S. Patent No. 6,168,271, without any
rights or license under that patent.

51.  Oakley is informed and believes, and thereupon alleges, thaf
Defendant Switch willfully infringed upon Oakley's exclusive rights under the
patent, with full notice and knowledge thereof. Defendant is presently selling]
infringing sunglasses, has not ceased the sale thereof, and will continue to sell
unless restrained by this court, all to the great loss and injury of Oakley.

52. Oakley is informed and believes and thereupon alleges that Defendant
Switch has derived, received, and will continue to derive and receive from thesd
acts of infringement, gains, profits and advantages in an amount not presently
known to Oakley. By reason of these acts of infringement, Oakley has been and
will continue to be greatly damaged. Oakley is secking a judgment and award of
damages in an amount of not less than a reasonable royalty.

53.  Defendant Switch will continue to infringe U.S. Patent No. 6,168,271
to the great and irreparable injury of Oakley, for which Oakley has no adequate]

remedy at law unless said Defendants are enjoined by this court.
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WHEREFORE, Plaintiff Oakley, Inc. prays as follows:
I. That Defendant Switch be adjudicated to have infringed U .S. Patenf
No. 5,648,832 and that said patent is valid, enforceable and is owned by Oakley;
2. That Defendant Switch be adjudicated to have infringed U .S. Patent
No. 5,689,323 and that said patent is valid, enforceable and is owned by Oakley;
3. That Defendant Switch be adjudicated to have infringed U .S. Patenq
No. 5,969,789 and that said patent is valid, enforceable and is owned by Oakley;
4. That Defendant Switch be adjudicated to have infringed U .S. Patent
No. 6,010,218 and that said patent is valid, enforceable and is owned by Oakley;
5. That Defendant Switch be adjudicated to have infringed U.S. Paten
No. 6,168,271 and that said patent is valid, enforceable and is owned by Oakley;
6. That Defendant Switch, its agents, suppliers, servants, employees,;
managers, and officers, and all those persons in active concert or participation with
them, be forthwith preliminarily and thereafter permanently enjoined from making,
using, offering for sale or selling any sunglass which infringes U.S. Patent Nos,
5,648,832, 5,689,323, 5,969,789, 6,010,218, and 6,168,271;
7. That Defendant Switch be directed to file with this court and serve
upon Oakley within 30 days after the service of the injunction, a report in writing|
under oath, setting forth in detail the manner and form in which Defendant has
compiled with the injunction;
8. That Defendant Switch be required to account to Qakley for any and
all lost profits suffered by Oakley and in no event less than a reasonable royalty by
reason of Defendant’s infringement of U.S. Patent Nos. 5,648,832, 5,689,323,
5,969,789, 6,010,218, and 6,168,271;
9. That the Court award Oakley damages in an amount equal to its lost

profits or a reasonable royalty, at Oakley’s election, pursuant to 35 U.S.C. § 284;

10 Complaint for Patent Infringement
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10.  That patent infringement damages be awarded in an amount up to
three times the amount of damages found or assessed to compensate Oakley for the]
willful, deliberate and intentional acts of infringement by Defendant, pursuant to
35U.S.C. § 284;

11. For an order requiring Defendant to deliver up and destroy all
infringing sunglasses;

12. That an award of reasonable costs, expenses and attorneys' fees be
awarded against Defendants pursuant to 35 U.S.C. § 285; and

13. That Oakley have such other and farther relief as circumstances of]
this case may require and that this court may deem just and proper.

DATED: 5/;17 /;Low WEEKS, KAUFMAN, NELSON & JOHNSON

oA —

GREGORY K. NELSON
Attorney for Plaintiff, Oakley, Inc.

JURY DEMAND
Plaintiff Oakley, Inc. hereby requests a trial by jury in this matter.

DATED: 5 /}"7/34” 0 WEEKS, KAUFMAN, NELSON & JOHNSON

Erry Y M ——

GREGHRY K. NELSON
Attorney for Plaintiff, Oakley, Inc.
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United States Patent g 1y Patent Number: 5,648,832
Houston et al. 451 Date of Patent: Jul. 15, 1997
[54] DECENTERED NONCORRECTIVE LENS 4613217 971986 Fuerter tal. weumesusumsrensars 3517176

FOR EYEWEAR 4,741,611 3/1988 Bums ... - 331/44
4,761,315 8/1988 Logan etal. 351/159
[75} Inventors: Malcoln Neal Hosston, Foothill 4,859,048  3/1980 Jamnard . 351/159
Ranch, Calif.; James H. Jannard, 4867550 9/1989 Im}nan‘.l ...... . 351747
Eastsotnd, Wash.; Carlos D. Reyes 5,050,979 91991 SHnOKAL2 .wsmrserms 351/159
Mission Viejo, Calif. * 5208614 5/1993 Jamnard ....ccsececiiessisen 351159
R A
{731 Assignee: Oakley, Inc., Trvine, Calif. FOREIGN P DoC S
0456321 51948  Canadd .comemimicessiossisnss 3517159
[21] Appl No.: 567,434 176580241 9/1992 Switzedand .
(221 Filed:  Dec. 5, 1955 Primary Examiner—Georgia Y. Epps
517 Yat CLS 0 0 Assistant Examiner—Jordan M. Schwartz
ESZ% U.s. ClL 351/1{;9-2§5g 4: Attorney, Agent, or Firm—¥Xnobbe, Marteas, Olson & Bear,
[58] Field of Search .....ocvvwsmne 3517159, 41, 44, LLE
351/43, 47 57 ABSTRACT
[56] References Cited Disclosed is an optically corrected lens for nonprescription,
dual lens eyeglasses. In a preferred embodiment, the anierfor
U.S. PATENT DOCUMENTS surface of the lens lies on a portion of a first sphere having
1,332,410 3/1920 POUS wciorcoeccremrrreemsersersssenns 3511177 a first center. The postetior surface of the lens lies on the

... 3517159 surface of a second sphere having a second center, The first
.. 3517176  and second centers are offset from one another to provide a
.. 351177 tapered lens. The lens is oriented on the head of the wearer
.. 351/159 by a frame that maintains the lens in a position such that a
v 35H4L Yine drawa through the first and second centers is maintained
- 3541 substantially in parallel to the normal sight line of the

1,354,040 95/1920 Hammon ..
1,536,828 5/1925 Drescher ..
1,619,341  3/1927 Gagnon ...
1,697,030  1/1929 Tillyer .
1,741,536 12/1929 Rayton
1,910,466  5/1933 Glancy

;ﬁgé’ggg ;ﬁgﬁg g:::y 32};:3 wearer, Methods of making the lenses, and eyewear incor-
2442840 6/1948 Glazer o asy4y  porating the lenses, are also disclosed.

3,229,303 1/1966 Jonassen .. e 2714

4515448 51985 Tackles .euecemcioiicicmessmsesceese 3SEAT 12 Claims, 7 Drawing Sheets
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3,648,832
1 2
DECENTERED NONCORRECTIVE LENS SUMMARY OF THE INVENTION
FOR EYEWEAR

The present invention relates generally to lenses used in
eyewear, and more particularly to a decentered, noncorrec-
tive lens to reduce optical distortion.

BACKGROUND OF THE INVENTION

Awide variety of improvements have been made in recent
years in the eyewecar field, particularly with respect to
eyewear intended for use in active sports or as fashion
sunglasses. These improvements have been incorporated
into eyewear having a unitary lens, such as the “Blades®"”
design (Oakley, Inc.) the “M Frame®” line (Oakley, Inc.),
and the “Zero®” line also produced by Oakley, Inc. These
eyewear designs accomplish a variety of functional
advantages, such as maximizing interception of peripheral
light, reducing optical distortion and increasing the wearer's
comfort level, compared to previous active sport eyewear.

The unitary lens of the “Blades®" eyewear incorporates
the eylindrical geometry disclosed, for example, in U.S. Pat,
No. 4,859,048, issued to Jannard. This geometry allows the
lens to closely conform to the wearer’s face and intercept
light, wind, dust, etc., from directly in front of the wearer
(anterior direction) and peripherally (lateral direction). See
also U.S. Pat. No. 4,867,550 to Jannard (toroidal lems
geometry).

Although the early unitary lens systems provided a full
side-to-side range of vision and good lateral eye protection,

' the potential for optical distortion still exists. In a unitary

Iens system, for example, the angle of incidence from the
wearer's eye to the posterior lens surface changes as the
wearer’s sight line turns in the lateral direction. This results
in digparate refraction between light entering closer to the
front of the lens and peripheral light entering at the lateral
ends., To address this source of prismatic distortion, U.S. Pat.
No. 4,859,048 discloses tapering the thickness of the lens
from the medial portion toward the lateral edge.

Prior art eyewear has also employed dual lens systems in
which two separate lenses are mounted along a front frame.
In the early dual lens eyeglass systems, each of the right and
left lenses were roughly co-planar in the as-worn configu-
ration. Thus, the sight line of the wearer, when looking
straight ahead, generally crossed the posterior surface of the
lens at a normal to the lens surface in the optical zone. One
of the disadvantages of this lens configuration was that the
eyeglasses provided essentially no lateral eye protection
without the use of special modifications, such as vertically
elongated earstemns or side attachiments.

Dual lens systems were thereafter developed in which the
Iateral edge of each lens curved rearwardly from the frontal
plane, and around the side of the wearer’s head to provide
& lateral wrap similar to that achieved by the high wrap
unitary lens systems. Although the dual lens eyeglasses with
significant wrap provided lateral eye protection, the lems
curvature generaily introduced measurable prismatic distor-
tion through the wearer's angular range of vision. This was
particularly pronounsced in lenses comprising low index of
refraction materials. In addition, although high base curva-
tres (e.g. base 6 or higher) are sometimes desirable to
optimize wrap while maintaining a low profile, such lenses
have not been practical in the past due to the relatively high
level of prismatic distortion.

Thus, there remains a need for a high base nonprescription
lens for use in dnal lens eyewear which can intercept light
over essentially the full angular range of vision while at the
sarne time minimize optical distoriion throughout that range.
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There is provided in accordance with one aspect of the
present invention, an eyeglass lens for use in noncorrective
duat lens eyewear. The eyeglass lens is utilized in combi-
nation with a frame to support the lens in the path of the
wearer's normal line of sight.

The lens comprises a lens body, having a front surface, a
rear surface, and a thickness therebetween,

The front surface of the lexs conforms to a portion of the
surface of a solid geometric shape. Preferably, the front
surface of the lens conforms substantially fo a portion of the
surface of a first sphere having a first center. The rear surface
of the lens conforms substantially to a portion of the surface
of a solid geometric shape, which may be the same or
different than that conforming to the front surface.
Preferably, the rear sorface conforms substantially to a
portion of the surface of a second sphere having a second
center.

The first and second centers are offset from one another to
taper the lens thickmess. The lens is mounted in the frame
such that a line drawn through the first and second centers
is maintained substantially parallel with the wearer’s normal
line of sight.

The leas may be cut from a lens blank, or formed directly
into its final configuration such as by injection molding or
other techniques known in the art. Preferably, the Iens is
oriented on the head of a wearer by the eyeglass frame such
that the normal sight line of the wearer crosses the anterior
surface of the lens at an angle of greater than about 95°, and
preferably within the range of from about 100° to about
120°, while maintaining the optical centerline of the lens in
a substantially parallel relationship with the normal sight
Iine of the wearer. The optical centerline of the lens may or
may not pass through the Iens.

Methods of making the lens of the preseat invention are
also disclosed.

Further features and advantages of the present invention
will become apparent from the detailed description of pre-
ferred embodiments which follows, when considered
together with the attached claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of eyewear incorporating
taper corrected lenses made in accordance with an embodi-
ment of the present invention.

FIG. 2 is a cross-sectional view taken along the lines 22
of FIG. 1.

FIG. 3is a schematic horizontal cross-sectional view of a
prior art untapered Iens for a dual lens eyewear system.

FIG. 4 is a schematic horizontal cross-sectional view of a
tapered lens for a dual Jens eyewear systerm.

FIG. 5 is a cross-sectional view like that iz FIG. 2,
showing taper corrected lenses baving a greater base
curvature, in accordance with another embodiment of the
present invention.

FIG. 6 is a perspective view of a lens blank conforming
to a portion of the surface of a sphere, showing a lens profile
to be cut from the blank in accordance with a preferred
embodiment of the present invention.

FIG. 7 is a perspective cataway view of the hollow,
tapered wall spherical shape, lens blank, and lens of FIG. 6.

FIG. 8 is a horizontal cross-sectional view of a lens
constructed in accordance with a preferred embodiment of
the preseat invention.
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FIG. 9 is a top plan view of the lens of FIG. § showing a
high wrap in relatioR to a wearer.

FIG. 10 is aright side elevational cross-section of the lens
and wearer of FIQ. 9, showing lens rake.

FIG. 11 schematically illustrates the projection of the leus
profile from a desired orfentation within an eyewear frame
to the lens blank in accordance with a preferred embodiment
of the present invention,

FIG. 12 is a front clevational view of the lens and lens
blank of FIG. 6, rotated to project the mechanical centerline
of the blank normal to the page.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Although the prefemred embodiments will be discussed
below in terms of lenses having “spherical” front and rear
surfaces (surfaces which conform substantially to a portion
of the surface of a sphere), it will be understood by those
having ordinary skill in the art that the invention may also
be applicable to lenses having different surface geometries,
Additionally, it will be understood that the present invention
has application to lenses of many front elevational shapes
and orientations in the as worn position beyond those
llustrated herein.

Referring to FIGS. 1 and 2, there is illustrated an eyeglass
10, such as a sunglass having first and second Ienses 12, 14
consiructed in accordance with an embodiment of the
present invention. Although the invention is illustrated in the
context of an eyeglass design marketed by Oakley under the
Eye Jackets™ name, the present invention relates solely to
the lens curvature, taper, and orientation on the head of the
wearer. Therefore the particular lens shape revealed in FIG.
Lis not critical to the invention. Rather, lenses of many other
shapes and configurations may be constructed which incor-
porate the present invention as will become apparent based
upon the disclosure herein.

Similarty, the particilar mounting frame 16 shown is not
essential to the present invention. The frame 16 may bound
only the bottom edge(s) of the lenses 12, 14, only the top
edges, or the entire lenses as itlustraied. Alternatively, the
frame 16 can bound any other portions of the lenses as will
be evident to those of skill in the art. Frameless eyeglasses
can also be constructed in accordance with the present
invention, as long as the lens orientation on the head of the
wearer is substantially maintained in a predetermined rela-
tonship to the normal sight line as will be discussed below.
Preferably, though, the lenses 12, 14 are each mounted in an
annular orbital as shown,

A pair of earstems 2@, 22 pivotally attach to the frame 16.
Alternatively, the earsteros 20, 22 may attach directly to the
lenses 12, 14. The frame may comprise of any of a variety
of metals, composites or relatively rigid, molded thermo-
plastic materials which are well knowa in the art, and may
be transparent or any of a variety of colors. Injection
molding, machining and other construction techniques are
well known in the art,

Lenses in accordance with the present invention can be
manufactured by any of a variety of processes well known
in the art,

Typically, high optical quality lenses are cut from a
preformed injection molded lens blank. Since the right and
left lenses are preferably mirror images of each other, only
the right lens will generally be discussed below.
Alternatively. the lens can be molded direetly into its final
shape and size, to elimimate the need for post molding
cutting steps.
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Preferably, the lens, or the lens blank from which it is cut,
is injection molded and comprises a relatively rigid and
optically acceptable material, such as pelycarbonate. Qther
polymeric lens materials can also be used, such as CR-39
and a variety of high index plastics which arz known in the
art. The decentered taper correction of the present invention
may also be applicable to glass lenses, although the need for
correction in the present context is generally more pro-
nounced in nonglass materials.

H the lens is to be cut from a lens blank, the taper and
curvature of a carefully preselected portion of the molded
lens blank is transferred to the lens in accordance with a
preferred manufacturing process described below.
Preferably, the frame is provided with a slot or other
attachment structure that cooperates with the molded cur-
vature of the lens to minimize deviation from, and even
improve Tetention of the as-molded curvature.

Alternatively, the lens or lens blank can be stamped or cut
from generally planar tapered sheet stock and then bentinto
the curved configuration in accordance with the present
invention. This curved configuration can then be maintained
by the use of a relatively rigid, curved frame, or by heating
the curved sheet to retain its curved configuration, as is well
known in the thermoforming art.

Most preferably, the curvature of both surfaces of the lens
are created in the lens blank meolding and polishing
processes, and the lens shape is cut from the blank in
accordance with the invention as described below.

Referring to FIG. 2, the lens 14 of the present invention
is characterized in a horizontal plane by a generally arcuate
shape, extending from a medial edge 24 throughout at least
a portion and preferably substantially all of the wearer’s
range of vision to a lateral edge 26, The arc length of the Jens
from the medial edge 24 to the lateral edge 26 in a doal lens
system will generally be within the range of from about 1%
inches to about 3% inches, and preferably within the range
of from about 2 inches to about 3 inches. In one preferred
embodiment, the arc length of the lens is about 2% inches.

Although the onter surfaces of the Ienses 12, 14 appear to
be illustrated as lying oo 2 common circle 31, the right and
lefi Ienses will generally be canted such that the medial edge
of each lens will fall outside of the circle 31 and the lateral
edges will fall inside of the circle 31. Such canting of the
lens increases the angle 6 (FIG. 2) and increases the desir-
ability of the optical correction achieved by the present
invention.

‘When worn, the fens 14 shounld at least extend across the
wearet’s normal line of sight 27, and preferably substan-
tially across the wearer’s peripheral zones of vision. As used
herein, the wearer’s normal line of sight shall refer to a line
projecting straight ahead of the wearer’s eye, with substan-
tially no angular deviation in either the vertical or horizontal
planes as illustrated by lnc 130 in FIGS. 9 and 10.

The lens 14 is provided with an anterior surface 28, a
posterior surface 30, and a varying thickness therebetween.
The thickness of the lens 14 in the region of the medial edge
24 for a polycarbonate lens is generally within the range of
from about I mm to about 2.5 mm, and preferably in the
range of from about 1.5 mm to about 1.8 mm. In a preferred
embodiment, the thickest portion of the lens 14 is at or abont
the optical centerline, and is about 1.65 mm.

Preferably, the thickness of the lens 14 tapers smoothly,
though not necessarily linearly, from the maximum thick-
ness proximate the medial edge 24 to a relatively lesser
thickness at the lateral edge 26. The thickness of the lens
near the lateral edge 26 is generally within the range of from
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about 0.635 mm to about 1.52 mm, and, preferably, within
the range of from about 0,762 mm to about 1.27 muwn. In one
preferred polycarbonate embodiment, the lens has a mini-
rutn thickness in the lateral zope of about 1.15 ram. The
minimum thickness at lateral edge 26 is generally governed
by the desired impact resistance of the lens.

FIG. 3 schematically lustrates refraction in a prior art
lens 41 with cireular inside and outside surface horizontal
cross-sections, having a uniform thickness 44. With such a
lens 41, the angle of incidence of rays from the lens 41 to the
eye 46 changes throughout the angular range of vision. For
example, a ray which shall be referred to for descriptive
puiposes as & medial light ray 50 strikes the lens 41 at an
angle q to the normal at the point of incidence. As is wel}
known in this art, bending of light ai transmitting surfaces
depends in part upon the angle of incidence of light rays. The
ray 50 is refracted or bent in opposite directions at each of
an outer surface 52 and an inner surface 54 of the lens 41,
resulting in a transmitted ray 56 parallel to the incident ray
50. The transmitted ray 50 is laterally displaced, relative to
the path of the incident ray 50, by a distance 58. This
displacement represents a first order source of optical dis-
tortion.

Furthermore, refractory displacement is even more pro-
nounced at a lateral end 60 due to 2 greater angle of
incidence [3. A peripheral incidentray 62 experiences greater
displacement 64 than the medial incident ray 59, i accor
dance with Spell’s Law, as will be understoed by those of
ordinary skill in the optical arts. The discrepancy between
the peripheral ray displacement 64 and the medial ray
displacement 58 resulis in a second order of optical distor-
tion. This second order of distortion may cause substantial
warping of an image seen through relatively lateral portions
of the lens 41.

FIG. 4 schematically illusteates a lens 71 of tapered
thickness, to compensate for the greater angle of incidence
at the lateral ends 60 of the lens 41 (FIG. 3), as disclosed in
the context of unitary lens systems in U.S. Pat. No. 4,859,
048, issued to Jamnard. Tapering produces a smaller lens
thickntess 74 at a lateral end 76, relative to a lens thickness
78 at a more medial point 80. This smaller thickness 74
reduces an amount of peripheral ray displacement 82, rela-
tive to the peripheral ray displacement 64 through the
untapered lens 41 of FIG. 4. In other words, lesser lens
thickness 74 near the lateral end 76 of the tapered lens 71
cormpensates to some extent for a greater angle of inddence
{3, relative to the thickmess 78 and angle of incidence o at
the more medial point 8¢.

The resulting difference between peripheral ray displace-
ment 82 and medial ray displacement 84 on the same lens 71
is not as great as the comesponding difference in FIG. 3,
reducing the second order optical distortion. Note that the
degree of comection of the second order distortion depends
upon a rclationship between the manner and degree of
tapering from the apex 85 to each laterat end 76 and the
mapner in which the angle of incidence changes over the
same range.

The lens 71 of FIG. 4 is {llustrated as though it were
mounted within a frame (not shown) such that the wearer’s
normal line of sight 86 passes perpendiculady through the
lens 71 at the lens apex or mechanical center 85. In other
words, the angle of incidence to the lens normal is zero for
the wearer’s normal line of sight. The outer and inner
swefaces of lens 71 in the cross-sectional iHusiration conform
to offset, equal-radius ciecles represented by centerpoints 87
and 88, respectively. A Hne drawn through centerpoints 87
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and 88, referred to herein as the optical centerline of the lens,
is collinear with the normal line of sight in the as-worn
orientation. This conventional configuration shall be defined
as a cenfrally oriented lens, for ease of description. Circum-
ferentially clockwise or counterclockwise of the normal line
of sight 86, the angls of incidence to the lens normal
increases in a regular fashion from zero at the Iens apex 85,

A high degree of wrap may be desirable for aesthetic
styling reasons, for lateral protection of the eyes from flying
debris, or for interception of peripheral light. Weap may be
attained by utilizing lenses of tight horizontal curvature
(high base), such as small-radius spherical lenses, or by
mounting each Iens in a position which is canted Iaterally
and rearwardly relative to centrally oriented dual Ienses,
Such canting shifts the normal line of sight 8¢ out of a
collinear relationship with the optical centerline, and
changes the optics of the lens. As aresult, prior art dual lens
eyewear with substantial “wrap” around the sides of a
wearer's face has generally been accompanied by some
degree of prismatic distortion.

In accordance with the present invention, there is pro-
vided an improved optical configuration and method for
minimizing prismatic distortion. Though the present inven-
tion may be applied to a wide variety of Iens shapes and
orientations, the invention has particular ntility for dual lens
eyewear using high base curvature and demonstrating a high
degree of wrap in the as-worn orientation,

Refeming to FIGS. 2 and 5, the illustrated eyewear
incorporates canted lenses 12 and 14 or 102 and 104,
mounted in a position rotated laterally relative to conven-
tional centrally oriented dual lens mountings. A canted lens
may be conceived as having an orientation, relative to the
wearer's head, which would be achieved by starting with
conventional dual lens eyewsar having centrally orfented
lenses and bending the frame inwardly at the temples to
wrap arovnd the side of the head.

As a consequence of the increased wrap, the wearer’s
nomal line of sight 27 no longer strikes the lens 14
pemendicularly, as illustrated in FIG. 4. Instead, the angle of
incidence 8 (FIG. 2) for the wearer’s line of sight 27 is
generaily greater than 90°, and to achieve good wrap it may
be greater than about 95°, preferably is within the range of
from about 100° to about 135°, and in one 9.5 base embodi-
ment is about 101.75°. Lower base lenses generally will
exhibit a larger angle @ in the as wom orientation, and the
angle 6 in an embodiment having a base of 6.5 was about
113.4° In a base 4 embodiment having a pupillary distance
of 2.8 inches, the angle 8 was about 119.864°.

FIG. 5 iHustrates the horizontal cross-section of an eye-
glass 100 in accordance with an embodiment of the present
invention, similar in style to that illustrated in FIG. 2, except
having lenses 162 and 104 of tighter curvature (higher base)
as well as possibly greater wrap. When the eyeglass 100 is
worn, 2 lateral edge 106 of the lens 104 wraps significantly
around and comes in close proximity to the wearer’s temple
to provide significant lateral eye profection as has been
discussed.

An anterior (front) surface 108 of the lens of the present
invention will generally conform to a portion of the surface
of a regular geometric solid, such as a sphere 110, shown
here in horizontal cross-section, The front surfaces of spheri-
cal lenses 102 and 104 of the illusirated embodiment can,
therefare, be characterized by a radius. By convention in the
industry, the curvature may also be expressed in terms of 2
base value, such that the radius (R} in millimeters of the
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base curve, or

r=320, )
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The present invention provides the ability to construct
dual lens eyeplass systems having relatively high wrap using
lens blanks having a base curve of 6 or greater, preferably
between about 742 and 10%, more preferably between about
8 and 9%, and, in one embodiment between about 8% and 9.
Theradius of the circle conforming to the anterior surface of
a base 8% lens, for example, is about 60.57 millimeters. For
comparison, the radius of the circle which characterizes the
anterior surface of a base 3 lens s about 176.66 millimeters.

The embodiment of the present invention illustrated in
FIG. 5 may be cut from a base 3% lens blank having a
thickness of abont 0.0649 inches at the optical centerling and
abowt 0.053 inches at reference a point two inches along the
outer circumference of the lens from the optical centerline.
Alternatively, the Iens can be molded directly into its final
shape and configuration,

FIG. G is a perspective view of a lens blank 122, a convex
outside surface 136 of which generally confotms to 2 portion
of the swrface of a three-dimensional geometiic shape 124.
It will be understood by those of skill in this art that lenses
in accordance with the present invention may conform to
any of a variety of geometric shapes.

Preferably, the outside stirface of the lens will conform to
8 shape having a smooth, continuous surface having a
constant horizontal radius (sphere or cylinder) or progres-
sive curve (ellipse, toroid or ovoid) ir either the horizontal
or vertical planes. The geometric shape 124 of the preferred
embodiments herein described, however, generally approxi-
mates a sphere.

The sphere 124 illustrated in FIGS. 6 and 7 is an imagi-
nary three-dimensional solid,  portion of the wall of which
is suitable from which to cut a lens 120. As is known in the
art, precision lens cutting is often accomplished by produc-
ing a lens blank 122 from which a lens 120 is nltimately cut,
However, it should be clear to those of skill in the art from
the illustrations of FIGS. & and 7, that the use of a separate
Iens blank is optional, and the lens 120 may be molded
directly into its final shape and configuration if desired.

It can also be seen from FIGS. 6 and 7 that the leps 120
and/or the lens blank 122 can be positioned at any of a
variety of locations along the sphere 124. For the purpose of
the present invention, the optical centerline 132 operates as
a reference line for orientation of the lens 120 with respect
to the sphere 124, In the illustrated embodiment, wherein
both the ontside surface and the inside surface conform to a
portion of a sphere, the optical centerline is defined as the
line 132 which joins tie two centers Cl1 and C2, The
analogous reference line for the purpose of nonspherical lens
geometry may be formed in 2 manner different than con-
nection of the two geometric centers of the spheres, as will
be apparent 1o one of skill in the art.

The lens 120 is vltimately formed in such a manner that
it retains the geometry of a portion of the wall of the sphere
as illustrated in FXG. 7. The location of the lens 120 on the
sphere 124 is selected such that when the lens 120 is oriented
in the eyeglass frame, the normal line of sight 130 of the
wearer through the lens will be maintained substantially
parallel to the optical centerline 132 of the geometric
configuration from which the lens 120 was obtained. In the
illustration of FIGS. 6 and 7, the lens 120 is a right lens
which kas a significant degree of wrap, as well as some
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degree of rake. A lens having a different shape. or a lesser
degree of wrap may overlap the optical centeriine 132 of the
imaginary sphere 124 from which the lens was formed.
However, whether the optical centerline of the imaginary
sphere 124 crosses through the lens 120 or not is
unimportant, so long as the line of sight 130 in the lens 120
is maintained substantially parailel in the as-worn orienta-
tion with the optical centerline 132.

For purposes of the present invemtion, “substantially
parallel” shall mean that the line of sight 136 when the lens
120 is oriented in the as worn position generally does not
deviate within the horizontal plane by more than about £15°
from, parallel to the optical centerline 132, Preferably, the
normal Iive of sight 130 should not deviate by more than
about £10° from the optical centerline 132, more preferably
the normal line of sight 130 deviates by no more than about
+5° and most preferably no more than zbout 32° from
paralle! to the optical centerline 132, Optimally, the line of
sigitt 130 is parallel to the optical centerline in the as worn
orientation. Typically, an eyewear frame has a vertical plane
of symmeitry which is substantially parallel to the line of
sight 130. Accordingly, the optical centerline 132 will be
substantiaily parallel to the frame’s vertical plane of sym-
Taetry.

Variations from paralie] in the horizontal plane generally
have a preater negative impact on the lens than variations
from parallel in the vertical plane. Accordingly, the solid
angle between the line of sight 130 and optical centerline
132 in the vertical plane may exceed the ranges set forth
above, for some eyewear, as long as the horizontal comnpo-
nent of the angle of deviation is within the above-mentioned
ranges of deviation from the parallel orientation. Preferably,
the fine of sight 130 deviates in the vertical plane no more
than about +10° and, more preferably, no more than gut +3°
from the optical centeriine in the as worn orientation.

FIG. 7 is a cutaway view of the lens 120, lens blank 122,
and geometric shape 124 of FIG. 6. This view shows that the
preferred geometric shape 124 is hollow with wails of
varying thickmess, as revealed by a horizontal cross-section
134 at the optical cenpterline of the geometric shape 124.

The tapered walls of the preferred geometric shape 124
result from two horizontally offset spheres, represented by
their center points C1 and C2 and radii R1 and R2. An outer
surface 136 of the preferred lzns blank 122 conforms to one
sphere (of radius R1) while an inner surface 138 of the lens
blank 122 conforms to the other sphere (of radius R2). By
adjusting the parameters which describe the two spheres, the
nature of the taper of the lens blank 122 may also be
adjusted.

In particular, the parameters for the two spheres to which
the lens blank outer surface 136 and inner surface 138
conform is preferably chosen to produce zero refractive
power, or non-prescription lenses. Where CT represents a
chosen center thickness (maximum thickness of the wall of
the hollow geometric shape 124), n is an index of refraction
of the lens blank material, R1 is set by design choice for the
curvature of the outer surface 136, R2 may be determined
according to the following equation:

Rz:Rl—CT+—%T"

&)
CT/n represents the separation of the spherical centers C1
and C2. For example, where a base 0 lens is desired as a
matter of design choice, the center thickness is chosen to be
3 mm, and the fndex of refraction of the preferred meterial
{polycarbonate} is 1.586, R2 may be determined as follows:
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trate more plainly how the orientations may be related to the
Rﬁ'ssﬂ _3+ﬁ3ﬁ_ = £7.225 mm (3  line of sight 130 of the wearer.

For this example, the radius R1 of the outer surface 136 is
equal to $8.333 mm, the radius B2 of the inner surface 138
is egual to 87.225 mm, and the spherical centers CI and C2
are separated by 1.892 rom. These parameters describe the
curvature of the lens blank 122 of the preferred embodiment,

In the case of the preferred embodiment, the optical
centerline 132 is that line which passes through both center
points C1 and C2 of the offset spheres. This happens to pass
through the thickest portion of the preferred geometrical
shape 124 wails at an opfical center 146, though this may not
be true for alternative nonspherical embodiments. The opti-
cal center 140 happens to pass through surface 136 of the
illustrated Iens blank 122, although this is not necessary. The
optical center 140 does not happen to lie on the lens 120,
although it may for larger lenses or lenses intended to exhibit
less wrap in the as-worn orientation,

FIG. 8 Hlustrates a horizontal cross-section of the pre-
ferred lens 120, showing in phantom the geometric shape
124 to which the outer surface 136 and inner surface 138
conform. The lens blank 122 is omitted fror this drawing,
In accordance with the present invention, the optical cen-
tegline 132 associated with the chose taper is aligned to be
paralle] with the normal line of sight 130 of the wearer as the
lens 120 is to be mounted in an cyeglass frame,

Furthermore, althongh the preferred embodiments are
circular in both horizontal and vertical cross-section, a
variety of lens configurations in both planes are possible in
conjunction with the present invention. Thus, for example,
the outer surface of the lens of the present invention may
generally conform to a spherical shape as shown in FIGS. 6
and 7, Alternatively the lens may conform to a right circular
cylinder, a frusto-conical, an elliptic cylinder, an ellipsoid,
an ellipsoid of revolution, or any of a number of other three
dimensional shapes. Regardless of the particular vertical or
horizontal curvature of the outer surface, however, the inner
surface should be chosen such as to smoothly taper the lens
thickness at least in the horizontal plane.

FIGS, 9-12 will aid in describing a methed of choosing
alocation on the lens blank 122 from which to cut the right
lens 124, in accordance with a preferred embodiment of the
present invention. It will be understood that a similar method
would be used to construct the left lens for the dual lens
eyewear of the preferred embodiment.

As afirst step. a desired general curvature of the lens outer
surface 136 may be chosen. For the preferred lens 120, this
choice determines the base value of the lens blank 122. As
noted elsewhere herein, a number of other curvahures may be
utilized in conjunction with the present invention. A choiee
of lens thickness may also be preselected. In particular, the
minimum thickness may be selected such that the lens will
withstand a preselected impact force.

A degired lens shape may also be chosen. For example,
FIG. 12 illustrates an example of 2 front elevational shape
for the lens 120. The particular shape chosen is generally not
relevant to the decentered lens optics disclosed herein.

A desired as-worn orientation for the lens should also be
chosen, relative to the normal line of sight 130 of the wearer
126. As mentioned above, preferred orientations may pro-
vide significant lateral wrap for lateral protection and inter-
ception of peripheral light, and for aesthetic reasons. For
example, the embodiment illustrated in FIGS. 6-12 uses a
canted lens 120 to achieve wrap. Alternatively, wrap may be
achieved through use of a higher base lens and a more
conventional (mon-canted) orientation. FIGS. 9 and 10 illus-
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The eyewear designer may also choose a degree of rake,
or vertical tilt, as will be understood from FIG. 10, sche-
matically iflustrating the vertical orientation of the lens 120
relative to the head of the wearer 126, and relative in
particular to the normal line of sight 130. A downward rake,
ag illustrated, is desirable for a variety of reasons, including
improved conformity to common head auatomy. As will be
apparent to those of skill im the arf, a Iens 120 having a
mechanical center point which falls below the horizontal
plane intersecting the optical centerline 132 (see FIG. T) will
tend to have a downward rake as fllustrated in FIG. 16, This
is because the lens 120 will have been formed below the
equator of the sphere relative to the optical centerline. Since
the orientation of the lens 120 to the optical centerline 132
in the imaginary sphere should be the same as the orientation
between the lens 120 and a parallel to the normal line of
sight 136 in the as-worn condition, any lens cot from this
sphere below the optical centerline 132 should exhibit a
corresponding degree of downward rake.

Referring now to FIG. 11, a mapping of the horizontal
orientation of the lens 120 onte the lens blank 122 is
illustrated. The normal Line of sight 130, with respect to
which the chosen orientation is measured, is maintained
substantially paratlel to the optical centerline 132,

Once the aesthetic design such as that illustrated in FIG.
11 has been determined, and the lens biank 122 formed
having a suitable base curvature for fitting within the aes-
thetic design, the aesthetic design may be “projected” onto
the surface of the sphere to reveal that portion of the sphere
which is suitable for use as the lens 120. The projection of
the lens shape onto the sphere should be moved about the
surface of the sphere until it is positioned such that the lens
cut from the sphere at that location will exhibit the appro-
priate wrap and rake for the aesthetic design without any
rotation of the lens 120 out of its orientation in which the
optical centerline of the sphere is substantially parallel to the
normal Jine of sight in the as-worn omientation,

Although not iHustrated, it will be undesstood that a
similar projection may be performed for the vertical orien-
tation chosen, as depicted in FIG. 10, for instance. FIG. 10
provides reference points in the form of the lens top edge
152 and bottom edge 154 in relation to the line of sight 130.
The projection may then be shifted up or down until the top
edge 152 and the bottom edge are both simnltancously
aligned with corresponding points on the onter surfacs 136
of the lens blank, while maiutaining the kne of sight 130
substantially parallel with the optical centerline 132.

Projection of both the horizontal profile and the vertical
profila may be performed simultsnecusly, locating a unique
position on the Jens blank 122 corresponding to the desired
three-dimensional shape of the lens (including the front
elevational shape shown in FIG. 12) at which the line of
sight 130 is parallel to the optical centerline 132 or other
reference line of the lens blank 122. Of course, it will be
understood that the lines 130 and 132 may be substantially
paraliel, that is, within the acceptable range of angular
deviation set forth above.

This shape may then be cut from the blank 122 or molded
directly in the final lens configuration. The resultant lens 120
not only conforms to the desired shape, but alse minimizes
prismatic distortion.

FIG. 12 illustrates a lens blank 122, such as that shown
conforming to a portion of the surface of the sphere in FIGS.
6 and 7. In FIG. 12, the lens blank 122 has been rotated such
that the mechanical center of the blank is illustrated in the
center of the drawing. The illustrated lens 120 has a mediat
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edge 148, a lateral edge 144, an upper edge 152 and a lower
edge 154, At least a portion of the right lens 120 lies in the
lower left-hand (third) quadrant of the lens blank 122.
Preferably, in an embodiment of the invention exhibiting
both wrap and downward rake, at least about half of the lens
area will fall within the third quadrant of the lens blank 122,
Preferably all or substantially all of the area of the lens 120
will He below and to the left of the optical center as
illustrated. Lenses exhibiting a similar depree of rake but
lesser wrap may be positioned on the lens blank 122 such
that as much as 50% or more of the lens area is within the
lower right (second) quadrant of the lens blank 122,

The present invention thus provides a precise method of
furnishing the comect commespondence between taper and the
varying angle of incidence from the wearer’s eye to the
sirface of a lens. By recognizing a novel relationship among
the wearer”s line of sight and the forin of taper, the present
invention allows use of any of a variety of lens designs while
minimizing prismatic distortion, For example, a designer
may choose a desirable crientation and curvature for the
Iens, relative to a wearer’s line of sight. The orientation and
curvature may be chosen from a wide range of rake (ie.,
vertical “tilt” of the lens), horizontal cant, base valne and
proximity to a wearer’s face, inclnding those parameters
resulting in a high degree of wrap. The form of taper may
then be chosen, by the method of the present invention, such
that the prismatic distortion is minimized,

Although the foregoing invention has been described in
terms of certain preferred embodiments, other embodiments
will become apparent to those of ordinary skill in the art in
view of the disclosure herein. Accordingly, the present
invention is not intended to be limited by the recitation of
preferred embodiments, but is intended to be defined solely
by reference to the appended claims.

‘What is claimed:

1. An eyeglass lens, for nse in noncomective dual lens
eyewear, in combination with a frame to support the lens in
the path of a wearer’s normal line of sight, comprising:

a Iens body;

a front surface and a rear surface on the lems body,

defining a lens thickness therebetween;

the front surface conforming substantially to a portion of

the surface of & first sphere having a first center;

the rear surface conforming substantially to & portion of

the surface of a second sphere having a second center;
said first center and said second center offset from one
another to taper said lens thickness;

wherein said lens is mounted in the frame such that an
optical centerline drawn through said first and second
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centers is spaced from and maintained substantially
parallel with the wearer's normal line of sight in each
of a horizontal plane and a vertical plane.

2. An eycglass lens as in claim 1, wherein said first sphere
has a base curve of greater than about base 6.

3. An eyeglass lens as in claim 2, wherein said first sphere
has a base curve of greater than about base §.

4. An cyeglass lens as in claim 3 wherein said first sphere
has a base curve of about base 8.75, and said lems is no
thicker at any point thar about 1.65 mm and is no thinper at
any point than about 1.15 mm.

5. An eyeglass lens as in claim 1, wherein a horizontal
component of the wearer’s normal line of sight in a hori-
zontal plane deviates in an as worn orientation by no more
than about +10° from parallel with a horizontal comporent
of said optical centerline in said horizontal plane.

6. An eyeglass lens as in claim 5, wherein said horizontal
component of the wearer's normal line of sight deviates in
an as worn crientation by 1o more than about +5° from
parallel with said horizontal component of said optical
centerline.

7. An eyeglass lens as in claim 6, wherein said horizontal
component of the wearer's nommal line of sight deviates in
an as worn orientation by no more than about £2° from
paratle]l with said herizontal component of said optical
centerfine,

8. An eyeglass lens as in claim 7, wherein said horizontal
component of the wearer's normal line of sight is paratlel in
an as worn orientation with said horizontal compoenent of
said optical centerline.

9. An eyeglass lens as in claim 1, wherein a vertical
component of the wearer’s normal line of sight in a vertical
plane deviates in an as worn orientation by no more than
about +10° from paraliel with a vertical component of said
optical centerline in said vertical plane.

10. An eyeglass lens as in claim 9, wherein said vertical
component of the wearer's normal line of sight deviates in
an as worn orientation by no more than about +3° from
parallel with said vertical component of said optical center-
lipe.

1. An eyeglass lens as in claim 10, wherein said vertical
comaponext of the wearer’s normal line of sight is pacallel in
an as worn orientation with said vertical component of said
optical centerline,

12. An eyeglass lens as in claim 16, wherein a horizontal
component of the wearer’s normat line of sight in a hori-
zontal plane deviates in an as worn orientation by no more
than about 32° from parallel with a horizontal component of
said optical centerline in said horizontal plane.

I S )
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DECENTERED NONCORRECTIVE LENS
FOR EYEWEAR

This application is a divisional U.S. patent application
Ser. No. 08/567,434, filed Dec. 5, 1995, now U.S. Pat. No.
5,648,832

The present invention relates generally to lenses used
eyewear, and more particularly to a decentered, noncorrec-
tive lens to reduce optical distortion.

BACKGROUND OF THE INVENTION

Awide variety of improvements have been made in recent
years in the cyewear field, particularly with respect to
eyewear intended for use in active sports or as fashion
sunglasses. These improvements have been incorporated
into eyewear having a unitary lens, such as the “Blades®”
design (Oakley, Inc.) the “M Frame®” line (Cakley, Inc.),
and the *“Zero®” line also produced by Oakley, Inc. These
eyewear designs accomplish a variety of functional
advantages, such as maximizing interception of peripheral
light, reducing optical distortion and increasing the wearer’s
comfort level, compared to previous active Spoit eyewear.

‘The unitary lens of the “Blades®” eyewear incorporates
the cylindrcal geometry disclosed, for example, in T1.S, Pat.
No. 4,859,048, issued to Jannagd, This geometry allows the
lens to closely conform to the wearer’s face and intercept
light, wind, dust, ete. from directly in front of the wearer
(anterior direction) and peripherally (lateral direction). See
also .5, Pat. No. 4,867,550 to Jannard (toroidal lens
geometry),

Although the early unitary lens systems provided a full
side-to-gide range of vision and good lateral eye protection,
the potential for optical distortion still exists, In a unitary
lens system, for example, the angle of fncidence from the
wearer's eye to the posterior lens surface changes as the
wearer's sight line turns in the lateral direction. This results
in disparate refraction between light entering closer to the
front of the lens and peripheral ght entering at the lateral
ends. To address this source of prismatic distortion, U.S. Pat.
No. 4,859,048 discloses tapering the thickness of the lens
from the medial portion toward the lateral edge.

Prior art eyewear has also employed dual lens systerns in
which two separate lerses are mounted along a front frame,
In the early dual lens eyeglass systerns, each of the right and
left lenses were roughly co-planar in the as-worn configu-
ration. Thus, the sight line of the wearer, when locking
straight ahead, generally crossed the posterior surface of the
lens at a normal to the lens surface in the optical zone. One
of the disadvantages of this lens configuration was that the
eyeglasses provided essentially no lateral eye protection
without the use of special modifications, such as vertically
elongated earstems or side attachments.

Dual lens systems were thereafter developed in which the
Iateral edge of each Iens curved rearwardly from the frontal
plang, and around the side of the wearer's head to provide
a lateral wrap similar to that achieved by the high wrap
unitary lens systems. Althongh the dual lens eyeglasses with
significant wrap provided lateral eye protection, the lens
curvature generally introduced measurable prismatic distor
tion through the wearer’s angelar range of vision. This was
particularly pronounced in lenses comprising low index of
refraction materials. Tn addition, althongh high base curva-
nures (e.g. base & or higher) are sometimes desirable to
optimize wrap while maintaining a low profile, such lenses
have not been practical in the past due to the relatively high
level of prismatic distortion.
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Thus, there remains 2 need for a high base nonprescription
lens for use in dual lens eyewear which can intercept light
over essentially the full angular range of vision while at the
same time minfmize optical distortion throughout that range.

SUMMARY OF THE INVENTION

There is provided in accordance with one aspect of the
present invention, an eyeglass lens for use in noncorrective
dual lens eyewear. The eyeglass lens is utilized in combi-
nation with a frame to support the lens in the path of the
wearer’s normal line of sight.

"The lens comprises a lens body, having a front surface, a
rear surface, and a thickness therebetween.

The front surface of the lens conforms to a portion of the
sueface of a solid geometric shape. Preferably, the front
surface of the lens conforms substantially fo a portion of the
surface of a first sphere having a fiest center. The rear surface
of the Iens conforms substantially to a portion of the surface
of a solid geometric shape, which may be the same or
different than that conforming to the front sorface,
Preferably, the rear surface conforms substantially to a
portion of the surface of a second sphere having a second
center,

The first and second centers are offset from one another to
taper the lens thickness. The Jens is mounted in the frame
such that a line drawn through the first and second osnters
Is maintained generally in parallel with the wearer’s normal
line of sight. .

The lens may be cut from a lens blank, or formed directly
into its final configuration suck as by injection molding or
other techniques known in the art. Preferably, the lens is
oriented on the head of a wearer by the eyeglass frame such
that the normal sight line of the wearer crosses the anterior
surface of the lens at an angle of greater than about 95°, and
preferably within the range of from about 100° to about
126°, while maintaining the optical centerline of the Iens in
a generally paralle] relationship with the normal sight line of
the wearer. The optical centeriine of the lens may or may not
pass through the lens.

Methods of making the lens of the present invention are
also disclosed.

Further features and advantages of the present invention
will become apparent from the detailed description of pre-
ferred embodiments which follows, when considered
together with the attached claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of eyewear incorporating
taper corrected lenses made in accordance with an embodi-
ment of the present invention.

FIG. 25 a cross-sectional view taken along the lines 22
of FIG. L

FIG. 31s & schematic horizontal cross-sectional view of a
prior art untapered lIens for a dual lens eyewear system.

FIG. 4 is a schematic horizontal cross-sectional view of a
tapered lens for a dual lens eyewear system.

FIG. 5 is a cross-sectional view like that in FIG, 2,
showing taper corrected lenses having a greater base
curvatire, in accordance with another embodiment of the
present invention.

FIG. 6 is a perspective view of a lens blank conforming
toa portion of the surface of a sphere, showing a lens profile
to be cut from the blank in accordance with a preferred
embodiment of the present invention.
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FIG. 7 is a perspective cutaway view of the hollow,
tapered wall spherical shape, lens blaak, and lens of FIG. 6.

FIG. 8 is a horizontal cross-sectional view of a lens
constructed in accordance with a preferred embodiment of
the present invention.

FIG. 9 is a top plan view of the lens of FIG. § showing a
high wrap in relation to a wearer.

FIG. 10 I5 a right side elevational cross-section of the lens
and wearer of FIG. 9, showing lens rake.

FIG. 11 schematically illustrates the projection of the lens
profile from a desired orientation within an eyewear frame
to the Iens blank in accordance with a preferred embodiment
of the present invention.

FIG. 12 is a front elevational view of the lens and Iens
blank of FIG. 6, rotated to project the mechanical centerline
of the blank normal G the page.

DETAILED DESCRIPTIOHN OF THE
PREFERRED EMBODIMENTS

Although the preferred embodiments will be discussed
below in terms of lenses having “spherical” front and rear
surfaces ¢surfaces which conform substantially to a portion
of the surface of a sphere), it will be understood by those
having ordinary skill in the art that the invention may also
be applicable to lenses having different surfacs geometries.
Additionally, it will be understood that the present invention
has application to lenses of many front elevational shapes
and orientations in the as worn position beyond those
illustrated herein.

Referring to FIGS. 1 and 2, there is iliustrated an eyeglass
10, such as a sunglass having first and second lenses 12, 14
constructed in accordance with an embodiment of the
present invention. Although the invention is illustrated in the
context of an eyeglass design marketed by Oakley under the
Eye Jackets™ name, the present invention relates solely to
the lens curvature, taper, and orientation on the head of the
wearer. Therefore the particular lens shape reveated in FIG.
1is not critical to the invention. Rather, lenses of many other
shapes and configurations may be constructed which incor-
porate the present invention as will become apparent based
upon the disclosure herein.

Simitarly, the particular mounting frame 16 shows is not
essential to the present invention. The frame 16 may bound
only the bottom edge(s) of the lenses 12, 14, only the top
edges, or the entire Ienses as illustrated. Alternatively, the
frame 16 can bound any other portions of the lenses as will
be evident to those of skill in the art. Frameless eyeglasses
can also be comstructed in accordance with the present
invention, as long as the lens orientation on the head of the
wearer is substantially maintained in a predetermined rela-
tionship to the normal sight line as will be discuss, below.
Preferably, thongh, lenses 12, 14 are each mounted in an
annular orbital as showa.

A pair of earstemns 20, 22 pivotally attach to the frame 16.
Alternatively, the earstems 20, 22 may attach directly to the
lenses 12, 14, The frame may comprise of any of a variety
of metals, composites or relatively rigid, molded thermo-
plastic materiats which are well knows in the art, and may
be transparent or any of a variety of colors. Injection
molding, machining and other conmstruction techniques are
well known in-the azt,

Lenses in accordance with the present invention can be
mannfactured by any of a variety of processes well kmown
in the art.

Typically, high optical quality lenses are cut from a
preformed injection molded lens blank. Since the right and
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left lenses are preferably mirror images of each othet, only
the right lens will generally be discussed below.
Alternatively, the fens can be molded directly into its final
shape and size, to eliminate the need for post molding
cutting steps.

Preferably, the lens, or the lens blank from which it is cut,
is injection molded and comprises a relatively rigid and
optically acceptable material, such as polycarbonate. Other
polymeric lens materials can also be used, such as CR-39
and a variety of high index plastics which are known in the
art, The decentered taper correction of the present invention
rmay also be applicable to glass lenses, although the need for
correction in the present context is generally mare pro-
nounced in nonglass materials.

If the lens is to be cut from a lens blank, the taper and
curvature of a carefully preselected portion of the molded
lens blank is transferred to the lens in accordance with a
preferred manufacturing process described below.
Preferably, the frame is provided with a slot or other
attachment structure that cooperates with the molded cur-
vature of the lens to minimize deviation from, and even
improve retention of the as-molded curvatre.

Alternatively, the lens or Iens blank can be stamped or cut
from generally planar tapered sheet stock and then bent into
the curved configuration in accordance with the present
invention. This curved configuration can then be maintained
by the use of a relatively rigid, curved frame, or by heating
the curved sheet to retain its curved configuration, as is well
known in the thermoforming axt.

Most preferably, the curvatare of both surfaces of the lens
are created in the lens blank molding and polishing
processes, and the lens shape is cut from the blank in
accordance with the invention as described below.

Referring to FIG. 2, the lens 14 of the present invention
is characterized in a horizontal plane by a generally arcuate
shape, extending from a medial edge 24 throughout at least
a portion and preferably substantially all of the wearer’s
range of vision to a lateval edge 26. The arc lenpth of the lens
from the medial edge 24 to the lateral edge 26 in a dual lens
system will generally be within the range of from about 1¥2
inches to about 3 inches, and preferably within the range of
from about 2 inches to about 3 inches. In one preferred
embodiment, the arc lengih of the lens is about 2% inches.

Although the outer surfaces of the Ienses 12, 14 appear to
be fllustrated as lying on a common circle 31, the right and
left lenses will genexally be canted such that the medial edge
of each lens will fall outside of the circle 31 and the lateral
edges will fafl inside of the circle 31. such canting of the lens
increases the angle § (FIG. 2) and increases the desirability
of the optieal correction achieved by the present invention.

When worn, the lens 14 should at least extend across the
weares’s normal line of sight 27, and preferably substan-
tially across the wearer’s peripheral zones of vision. As used
herein, the wearer’s normal line of sight shall refer to 2 line
projecting straight shead of the wearer's eye, with substan-
tially no angnlar deviation in either the vertical or horizontal
planes as Hlustrated by line 130 in FIGS. 9 and 10.

The lens 14 is provided with an anterior surface 28, a
posterior surface 30, and a varying thickness therebetween.
The thickness of the lens 14 in the region of the medial edge
24 for a polycarbonate lens is generally within the range of
from about 1 mm to about 2.5 nm, and preferably in the
range of from about 1.5 mma to about 1.§ mm.Tna preferred
embodiment, the thickest portion of the lens 14 is at or about
the optical centerline, and is about 1.65 mm.

Preferably, the thickness of the lens 14 tapers smoothly,
though not necessarily linearly, from the ypaximum thick-
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ness proximate the medial edge 24 to a relatively lesser
thickness at the lateral edge 26, The thickness of the lens
near the lateral edge 26 is generally within the Tange of from
about 0.635 mm to about 1.52 mm, and, preferably, within
the range of from about 0.762 mm to about 1.27 mm. In one
preferred polycarbonate embodiment, the dens has a mini-
mum thickness in the lateral zone of about 1.15 mm. The
minimum thickness at lateral edge 26 is generally governed
by the desired impact resistance of the lens.

FIG. 3 schematically illustrates refraction in a prior art
tens 41 with circular inside and cutside surface horizontal
cross-sections, haviag a uniform thickness 44. With such a
lens 41, the angle of incidence of rays from the lens 41 to the
eye 46 changes throughout the angular tange of vision. For
example, a ray which shall be referred to for descriptive
burposes as a medial Light tay 50 strikes the lens 41 at an
angle o to the normal at the point of incidence. As is well
Imown in this art, bending of light at transmitting surfaces
depends in part upon the angle of incidence of lightrays. The
ray 50 is 1efracted or bent in opposite directions at each of
an outer sinner susface 54 inner surface 54 of the Iens 41,
resulting in a trapsmitted ray 56 paralle] to the incident 1ay
5¢. The transmitted ray 50 is laterally displaced, relative to
the path of the incident ray 50, by a distance 58, This
displacement represents a first order source of optical dis-
tortion.

Furthermore, refractory displacerment is even more pro-
nounced at a lateral end 60 due to a greater angle of
incidence f3. A peripheral incidentray 62 experiences greater
displacement 64 than the medial incident ray 50, in accor-
dance with Snell’s Law, as wifl be understood by those of
ordinary skill in the optical arts. The discrepancy between
the petipheral ray displacement 64 and the medial ray
displacement 58 results in a second order of optical distor-
tion. This second order of distortion may cause substantial
warping of an image seen throngh relatively lateral portions
of the lens 41,

FIG. 4 schematically illustrates a lens 71 of tapered
thickness, {0 compensate for the greater angle of incidence
at the lateral ends 60 of the lens 41 (FIG. 3), as disclosed in
the context of unitary lens systems in U.S, Pat. No. 4,859,
(48, issued to Jannard, Tapering prodaces a smaller lens
thickmess 74 at a lateral end 76, relative to a lens thickness
78 at a more medial point 80. This smatler thickness 74
reduces an amount of peripheral ray displacernent 82, rela-
tive to the peripheral ray displacement 64 through the
untapered lens 41 of FIG. 4. Tn other words, lesser lens
thickness 74 near the lateral end 76 of the tapered lens 71
compensates 1o some extent for a greater angle of incidence
[, relative to the thickness 78 and angle of incidence o at
the more medial point 89,

The resulting difference between peripheral 1ay displace-
ment 82 and medial ray displacement 84 on the same leps 71
is not as great as the corresponding difference in FIG, 3,
reducing the second order optical distortion. Note that the
degree of correction of the second order distortion depends
upon a relationship between the manmer and degree of
tapering from the apex 85 to each lateral end 76 and the
manner in which the angle of incidence changes over the
sarpe rangc.

The lens 71 of FIG. 4 is illustrated as though it were
maounted within 2 frame {rot shown) such that the wearer's
normal line of sight 86 passes perpendicularly through the
lens 71 at the lens apex or mechanical center 85, In other
words, the angle of incidence to the lens normal is zerg for
the wearer’s normal line of sight. The outer and inner
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surfaces of lens 71 in the cross-sectional illustration conform
to offset, equal-radius circles represented by centerpoints 87
and 88, respectively, A line drawn through centerpoints 87
and 88, referred to herein as the optical centerline of the lens,
is collinear with the mormal line of sight in the as-worn
orfentation. This conventional configuration shall be defined
as a centrally oriented lens, for ease of description. Circum-
ferentially clockwise or counterclockwise of the normal line
of sight 86, the angle of incidence to the lens mormal
increases in a regular fashion from zero at the lens apex 85,

A high degree of wrap may be desirable for aesthetic
styling reasons, for lateral protection of the eyes from flying
debris, or for interception of peripheral Kght, ‘Wrap may be
attained by utilizing lenses of tight horizontal curvature
(high base), such as small-radius spherical lenses, or by
mounting each lens in a position which is canted lateraily
and rearwardly relative to centrally oriented dual lenses.
Such canting shifts the normal Ine of sight 86 out of a
collinear relationship with the optical centerline, and
changes the optics of the lens. As aresult, prior art dual lens
eyewear with substantial “wrap” sround the sides of a
wearer's face has generally besn accompanied by some
degree of prismatic distortion.

In accordance with the present invention, there is pro-

vided an improved optical configuration and method for
minimizing prismatic distortion. Though the present inven-
tion may be applied to a wide variety of lens shapes and
orientations, the invention has particular utility for dual lens
eyewear using high base curvature and demonstrating a high
degree of wrap in the as-wormn orientation,
- Referring to FIGS. 2 and 8, the illustrated eyewear
incorporates canted lenses 12 and 14 or 102 and 104,
monated in a position rotated laterally relative to conven-
tional centrally oriented dual lens mountings. A canted lens
may be conceived as having an odentation, relative to the
wearer’s head, which would be achieved by starting with
conventional dual lens eyewear having centrally oriented
lenses and bending the frame inwardly at the temples to
wrap around the side of the head,

As a consequence of the increased wrap, the wearer’s
normal lire of sight 27 no longer strikes the lens 14
perpendicularcly, as illustrated in FIG. 4. Instead, the angle of
incidence 8 (FIG. 2) for the wearer’s line of sight 27 is
generally greater than 90°, and to achieve good wrap it may
be greater than abour 95°, preferably is within the range of
from about 100° to about 135°, and in one 9.5 base embodi-
ment is about 101.75°. Lower base lenses generally will
exhibit a larger angle 6 in the as worn orientation, and the
angle O in an embodiment haviitg a base of 6.5 was about
113.4° Tn a base 4 embodiment having a pupillary distance
of 2.8 inches, the angle B was about 119.864°,

FIG. 5 illustrates the horizontal eross-section of an eye-
glass 100 in accordance with an embodiment of the present
invention, siraflar in style to that illastrated in FIG, 2, except
having lenses 102 and 104 of tighter curvature thigher base)
as well as possibly greater wrap. When the eyeglass 100 is
worn, a lateral edge 106 of the lens 164 wraps significantly
arcund and comes in close proximity to the wearer's temple
to provide significant lateral eye protection as has been
discussed,

An anterjor {front) surface 108 of the lens of the present
Invention wilt generally conform to a portion of the surface
of a regular geometric solid, such as a sphere 310, shown
here horizontal cross-section. The front surfaces of spherical
lenses 102 and 104 of the illustrated embodiment can,
therefare, be characterized by a radius. By conveation in the
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industry, the curvature may also be expressed in terms of a
base value, such that the radius (R) in millimeters of the
amterior surface of the lens is equal to 530 divided by the
base curve, of

R=530/8 ¢33

The present invention provides the ability to construct
dual lens eyeglass systems having relatively high wrap using
Iens blanks having a base curve of 6 or greater, preferably
between about 7V and 104, more preferably between about
% and 9%, and, in one embodiment between aboat 8% and 9.
The radius of the circle conforming to the anterior surface of
a base 8% Iens, for example, is about 60.57 millimeters. For
comparison, the radius of the circle which characierizes the
anterior surface of a base 3 lens is about 176.66 millimeters.

The embodiment of the present invention fllustrated in
FIG. 5 may bs cut from a base 8% lens blank having a
thickness of about 0.0649 inches at the optical centerline and
about 0.053 inches at reference a point two inches along the
outer circumference of the lens from the optical centerline.
Alternatively, the lens can be molded directly into its final
shape and configuration.

FIG. 6 is a perspective view of a lens blank 122, a convex
outside surface 136 of which generally conforms to a portion
of the surface of a three-dimensional geometric shape 124
Tt will be understood by those of skill in this art that legses
in accordance with the preseat invention may conform to
any of a variety of geometric shapes.

Preferably, the outside surface of the lens will conform to
a shape having a smooth, continuous surface having 2
constant hosizontal radins (sphere or cylinder) or progres-
sive curve (ellipse, toroid or ovoid) in either the horizontak
or vertical planes. The geometric shape 124 of the preferred
embodiments herein described, however, generally approxi-
mates a sphere. )

The sphere 124 illustrated in FIGS. 6 and 7 is an imagi-
pary three-dimensional solid, a portion of the wall of which
is suitable from which to cut a lens 120. As is known in the
art, precision lens cutiing is often accomplished by produc-
ing a lens blank 122 from which a lens 120 is ultimately cut.
Howeve, it should be clear to those of skill in the art from
the illustrations of FIGS. 6 and 7, that the use of a separate
lens blauk is optional, and the Iens 120 may be molded
directly into its final shape and configuration if desired.

it can also be seen from FIGS. 6 and 7 that the lens 120
and/or the lens blank 122 can be positioned at any of a
variety of locations along the sphere 124. For the purpose of
the present invention, the optical centerline 132 operates as
a reference line for orientation of the lens 120 with respect
to the sphere 124, In the flustrated embodiment, wherein
both the outside surface and the inside surface conform to a
portion of a sphere, the optical centerline is defined as the
line 132 which joins the two centers C1 and C2. The
analogous reference line for the purpose of nonspherical lens
geomeiry may be formed in a manner different than con-
nection of the two geometric centers of the spheres, as will
be apparent to one of skill in the art.

The lens 120 is ultirnately formed in such a manner that
it retains the geometry of a portion of the wall of the sphere
as illustrated in FIG. 7. The location of the lens 120 on the
sphere 124 is selected such that when the lens 120 is orented
in the eycplass frame, the normal kne of sight 130 of the
wearer through the lens wifl be maintained generally in
parallel to the oplical centerine 132 of the geometric
confighiration from which the lens 120 was cbtained. In the
illustration of FIGS. 6 and 7, the lens 120 is a right lens
which has a significant degree of wrap, as well as some
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degree of rake. A lens having a different shape. of a lesser
degree of wrap may overlap the optical centerline 132 of the
imaginary sphere 124 from. which the lens was formed.
However, whether the optical centerline of the imaginary
sphere 124 crosses through the lems 120 or not is
unimportant, so long as the ling of sight 130 in the lens 120
is maintained generally in parallel in the as-worn crientation
with the optical centerline 132.

For purposes of the preseat invention, “substantially
parallel” shall mean that the line of sight 130 when the lens
120 is oriented in the as worn position generally does not
deviate within the horizontal plane by more than about £15°
from parallel to the optical centerfine 132, Preferably, the
normal line of sight 130 should not deviate by more than
gbout £10° from the optical centerline 132, more preferably
the normal Kne of sight 130 deviates by no more than about
+5° and most preferably no more than about 2° from
parallel to the optical centerline 132, Optimally, the line of
sight 130 is parallel to the optical centedine in the as worn
orientation, Typically, an eycwear frame has a vertical plane
of symmetry which is substantially parallel to the line of
sight 130, Accordingly, the optical centerline 132 will be
substantially paralle] to the frame’s vertical plane of sym-
melry.

Variations from parallel an the horizontal plane generally
have a greater negative impact on the lens than variations
from paraliel in the vertical plane. Accordingly, the sclid
angle between the line of sight 130 and optical centerline
132 in the vertical plane may exceed the ranges set forth
above, for some eyeweat, as long as the horizontal compo-
nent of the angle of deviation is within the above-mentioned
ranges of deviation from the paratlel orientation. Preferably,
the ling of sight 130 deviates in the vertical plane no more
than about 10° and, more preferably, no more than about
#3° from the optical centerline in the as worn orientation.

FIG. 7 is a cutaway view of the Jens 120, lens blank 122,
and geometric shape 124 of FIG. 6. This view shows that the
preferred geometric shape 124 is hollow with walls of
varying thickness, as revealed by a horizontal cross-section
134 at the optical centerline of the geometric shape 124.

The tapered walls of the preferred geometric shape 124
result from two horzontally offset spheres, represented by
their center points CI and C2 and radii R1 and R2. An cuter
surface 136 of the preferred lens blank 122 conforms to one
sphere (of radius RT) while an inner surface 138 of the lens
blank 122 conforms to the other sphere (of radius R2). By
adjusting the parameters which describe the two spheres, the
nature of the taper of the lens blank 122 may also be
adjusted. .

T particular, the parameters for the two spheres to which
the lens blank outer surface 136 and inmer surface 138
conform is preferably chosen to produce Zero refractive
power, or non-prescription lenses. Where CT represents a
chosen center thickness (inaximum thickness of the wall of
the holiow geometric shape 124), n is an index of refraction
of the lens blank material, B1 is set by design choice for the
curvature of the outer surface 136, R2 may be determined
according to the following equation:

Rz:Rl—CT-‘?———-C:' @

CT/n represents the separation of the spherical centers Ci
and C2. For example, where a base 6 Iens it desired as a
matter of design choice, the center thickness is chosen to be
3 mm, and the index of refraction of the preferred material
(polycarbonate) is 1.586, R2 may be deterinined as follows:
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trate more plainly how the orientations may be related to (he
& =._5%‘L _3“"_133W =87.975 mm (3 line of sight 130 of the wearer.

For this example, the radius R of the cuter surface 136 is
equal to 88.333 mm, the radins R2 of the inner surface 138
is equal to §7.225 1y, and the spherical centers (1 and C2
are separated by 1.892 mm. These parameters describe the
curvature of the lens blank 122 of the preferred embodiment.

In the cass of the prefemed embodiment, the optical
eenterline 132 is that line which passes through both center
points CI and C2 of the offset spheres. This happens to pass
through the thickest portion of the preferred geometrical
shape 124 wails at an optical center 140, though this may not
be twue for alternative nonspherical embodiments. The opti-
cal center 140 happens to pass through surface 136 of the
Mustrated lens blank 122, although this fs not necessary. The

optical center 140 does not happen to lic on the lens 120,.

although it may for larger lenses or lenses intended to exhibit
less wrap in the as-worn orientation,

FIG. 8 illustrates a horizontal cross-section of the pre-
ferred lens 120, showing in phantom the geometric shape
124 o which the outer surface 136 and inner surface 138
conform. The lens blank 122 is omitted from this drawing,
In accordance with the present invention, the optical cen-
terline 132 associated with the chosen taper is aligned to be
parailel with the normal line of sight 130 of the wearer as the
lens 120 is to be mounted in an eyeglass frame.

Furthermore, although the prefemed embodiments are
circular in both horizontal and vertical Cross-section, a
variety of lens configurations in both planes are possible in
conjunction with the present invention, Thus, for example,
the oufer surface of the lens of the present invention may
generally conform to a spherical shape as shown. in FIGS. ¢
and 7. Alternatively the lens may conform to a right circular
cylinder, a frusto-conical, an elliptic cylinder, an eltpsoid,
an ellipsoid of revolution, or any of a number of other three
dimensional shapes. Regardless of the Datticelar vertical or
horizontal curvature of the cuter surface, however, the inner
surface should be chosen such as to smoothly taper the lens
thickness at Ieast in the horizontal plane.

FIGS. 9-12 will aid in describing a method of choosing
a location on the lens blank 122 from which to cut the right
lens 120, in accordance with a preferred embodiment of the
present invention. Jt will be understood that a similar method
would be used 1o construct the left lens for the deal lens
eyewear of the preferred embodiment,

Asa first step, 2 desired general curvature of the lens outer
surface 136 may be choser. For the preferred lens 120, this
choice determines the base value of the lens blank 122, As
noted elsewhere herein, a number of other curvatuses may be
utilized in conjunction with the present invention, 4 choice
of Jens thickness may also be preselected. Tn particular, the
minfimum thickness may be selected such that the lens will
withstand a preselected impact force.

A desited lens shape rmay also be chosen, For example,
FIG. 12 illustrates an example of 2 front elevational shape
for the lens 120. The particular shape chosen is generally not
relevant to the decentered lens optics disclosed herein.

A desired as-worn orientation for the lens should also be
chosen, relative to the normal line of sight 130 of the wearer
126. As mentioned above, preferred orientations may pro-
vide significant lateral wrap for lateral protection and inter-
ception of peripheral light, and for aesthetic reasons. For
example, the embodiment fllustrated in FIGS, 6-12 uses a
canfed lens 120 to achieve wrap. Alternatively, wrap may be
achieved through use of a higher base lens and & more
conventional (zon-canted) orientation. FIGS. 9 and 10 illus-
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The eyewear designer may also choose a degree of rake,
or vertical tilt, as will be understood from FIG. 10, sche-
matically illasirating the vertical orientation of the lens 120
relative to the head of the wearer 126, and relative in
particular to the normal line of sight 130, A downward rake,
as illustrated, is dasirable for a variety of teasons, including
improved conformity to common head anatomy. As will be
apparent to those of skill in the att, a lens 120 having a
mechanical center point which falls below the horizontal
plane intersecting the optical centerline 132 (see FIG. Tywill
tend to have a downward rake as ilustrated in FIG. 10. This
is because the lens 120 will have been formed below the
cquator of the sphere relative to the optical centerline. Since
the crientation of the lens 120 to the optical centerline 122
in the imaginary sphere should be the same as the orientation
between the lens 120 and a parallel to the normal line of
sight 134 in the as-worn condition, any lens cut from thjs
sphere below the optical centerline 132 should exhibit a
corresponding degree of downward rake.

Referting now to FIG. 11, a mapping of the horfzontal
orientation of the lens 120 onto the lens blank 122 is
illustrated, The normal line of sight 130, with respect to
which the chosen orlentation is measured, is maintained
substantially paraliel to the optical centerline 132.

Once the aesthetic design such as that jllustrated in FIG.
11 has been determined, and the lens blank 122 formed
having a suitable base curvatre for fitting within the aes-
thetic design, the aesthetic design may be “projected” onto
the sutface of the sphere to reveal that portion of the sphere
which is suitable for use as the Ieas 120. The projection of
the lens shape onto the sphere should be moved about the
surface of the sphere until it is positioned such that the lens
cut from the sphere at that location will exhibit the appro-
priate wrap and rake for the aesthetic design without any
rotation of the lens 120 out of its orientation in which the
optical centerline of the sphere is generally parallel to the
noonal line of sight in the as-worn orientation.

Although not illustrated, it will be understood that a
similar projection may be performed for the vertical orien-
tation chosen, as depicted in FIG. 10, for instance. FIG. 10
provides reference points in the form of the lens top edge
152 and bottom edge 154 in relation to the line of sight 130.
The projection may then be shifted up or down until the fop
edge 152 and the bottom edge arc both simultaneously
aligned with corresponding points on the outer surface 136
of the lens blank, while maintaining the line of sight 130
substantially parallel with the optical centerline 132,

Projection of both the horizontal profile and the vertical
profile may be performed simultaneobsly, Iocating a unique
position on the lens blank 122 corresponding to the desized
three-dimensional shape of the lens (including the front
elevational shape shown in FIG. 12} at which the line of
sight 130 is parallel to the optical centerline 132 or other
reference line of the lens blank 122. Of course, it will be
understood that the lines 130 and 132 may be substantially
pazallel, that is, within the acceptable range of angular
deviation set forth above.

This shape may then be cut from the blank 122 or molded
directly in the final less configuration. The resuitant lens 120
not only conforms to the desired shape, but also minimizes
prismatic distortion.

FIG. 12 illustrates a Iens blank 122, such as that shown
conforming to a portion of the surface of the sphese in FIGS.
6 and 7. In FIG. 12, the lens blank 122 has been rotated such
that the mechanieal center of the biank is iflusteated in the
center of the drawing. The illustrated lens 120 has a medial
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edge 148, a lateral edge 144, an upper cdge 152 and a lower
edge 154, At least a portion of the right lens 120 lies in the
Tower lefi-hand (third) quadrant of the lens blank 122.
Preferably, in an embodiment of the invention exhibiting

both wrap and downward rake, at [east about half of thelens 5

area will fall within the third quadrant of the Iens blank 122,
Preferably all or substantially afi of the area of the lens 120
will le below and to the left of the optical center as
illustrated. Lenses exhibiting a similar degree of rake' but
lesser wrap may be positioned on the Iens blank 122 such
that as much as 50% or more of the lens area is within the
lower right (second) quadrant of the lens blank 122,

The present invention thus provides a precise method of
furnishing the correct correspondence between taper and the
varying angle of incidence from the wearer's eye to the
surface of a lens. By recognizing a novel relationship among
the wearer's line of sight and the form of taper, the present
invention allows use of any of a variety of lens designs while
minimizing prismatic distortion, For example, a designer
may choose a desirable orientation and curvature for the
lens, relative to a wearer”s line of sight. The orientation and
curvature may be chosen from a wide range of rake (ie.,
vertical “tiit” of the lens), horizontal cant, base value and
proximity to a wearer’s face, including those parameiers
resulting in a high degree of wrap. The form of taper may
then be chosen, by the method of the present invention, such
that the prismatic distortion is minimized.

Although the foregoing invention has been described in
terms of certain preferred embodiments, other embodiments
will become apparent to those of ordinary skifl in the art in
view of the disclosure herein. Accordingly, the present
invention is not intended to be limited by the recitation of
preferred embodiments, but is intended to be defined salely
by reference to the appended claims.

What is claimed:

1. A method of manufactyring a right lens for dual lens
optically corrected eyewear exhibiting wrap and downward
rake, the method comprising:

providing a lens blank, the lens blank having a thickness

which is vertically tapered symmeitrically on either side
of a central equatorial line and horizontally tapered
from a relatively greater thickness at an optical ceater
located between the geometric center of the blank and
a medial edge of the blank to a relatively lesser thick-
ness at a lateral edge of the blank, the equatorial line
dividing the lens blank into an npper half and a lower
half; and

cutting the right lens from the lens blank such that greater

than 50% of the right lens is cut from the lower half.

2, The meethod of claim 1, greater than about 50% of the
lens is cut from the lower lateral quadrant.

3. The method of claim 1, wherein the optical center lies
outside the right lens.

4. A method of manufacturing noncomective, dual lens
eyewear exhibiting wrap and downward rake, the method
comprising:

obtaining a lens blank coraprising an inner surface com-

forming to a first sphere having a first center, and an
outer surface conforming to a second sphere having a
second center offset from the first center, a vestically
and horizontally tapered lens thickness defired
between the inmer and outer surfaces, and an optical
centerline passing through the first and second centers;

selecting a desired lens shape;

selecting a desired lens orientation relative to a wearer's
normal line of sight:
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projecting the desired lens shape onto the lens blank;
‘cutting a lens having the desired lens shape from a
preselected location on the lens blank which location
relates to the desired lens orentation;

mounting the lens in a frame such that the optical cen-
terline is vertically spaced from and substantially par-
allel with the wearer's theoretical normal straight ahead
line of sight, i

5. The method of claim 4, wherein the optical centerline
is horizontally spaced from the wearer’s nommal line of sight.

6. The method of claim 4, wherein the optical centerline
deviates by no more than about £10° from parallel with the
normal line of sight.

7. The method of claim 6, wherein the optical centedine
deviates within a vertical plane by no more than about £3°
from paraliel with (be normal line of sight and deviates
within 2 horizontal plane by no more than about £2°.

8. A method of manufacturing optically corrected, non-
power eyewear, comprising the steps of:

providing a lens blank having a thickness which tapers in

both a vertical and horizontal plane, and having 28
optical centerline;

providing an eyeglass frame configured to maintain at

least one Iens in a predetermined relationship with
respect to a wearer's reference line of sight when the
- eyewear is worn on the head of the wearer;

cutting a lens from a location on the fens blank such that
the optical centerline is maintained generally parallel
with the teference line of sight whem the lens is
supported by the eyeglass frame and worn on the head
of the wearer; and

attaching the lens to the eyeglass frame to produce

cptically comrected eyewear.

9. A method of manufacturing optically corrected non-
power eyewear as in claim 8, wherein the attaching step
comprises attaching a unitary lens to the eyeglass frame.

10. A method of manufacturing optically corrected non-
power eyewear as in claim 8§, wherein the attaching step
comprises attaching two lenses to the eyeglass frame.

11, A method of manufacturing optically corrected non-
power cyewedr as in claim 8, wherein the wearer’s reference
line of sight is the wearer’s straight ahead normal line of
sight.

12. A method of manufacturing optically corrected non-
power eyewear as in claim 8, wherein the cuiting step
comprises cutting a Iens from a position on the lens blank
such that the geometric center of the lens is displaced from
the geometric center of the lens blank in both a vertical and
a horizontal piane.

13. A method as in claim §, wherein said providing step
comprises providing an eyeglass frame configured Lo Tain-
tain at least one lens in the predetermined relationship with
respect to the wearer’s reference line of sight, in which
relationship the lens has both rake and wrap.

14. Amethod in claim 8, wherein the wearer’s normal line
of sight deviates, within the horizontal plane by no more
than about plus or minus 2° from parallel with the optical
centerline.

15. The method of claim 8, wherein the wearer’s normat
line of sight deviates in the vertical plane by no more than
about plus or minus 3° from parallel with the optical
centerkine.
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24y ODASSER cormvesvmvssimrsiressinsssssesanssas s 14 gsubstantially in parallel to the normal sight line of the
3,586,448 6/1971 Beasse ... .. 364/474.06 ay mp %

1271537 611981 Bowlus ot ol e 2424 wearer. Methods of making ih}z lenses, and eyewear incor-
4771538 6/1981 Montesi et al. " opa24 porating the lenses, are also disclosed.
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DECENTERED NONCORRECTIVE LENS
FOR EYEWEAR

This application is a continuation of U.S. patent appli-
cation Ser. No. 08/567,434, filed Dec. 5, 1995 now U.S. Pat.
No. 5,648,832.

BACKGROUND OF THE INVENTION

Awide variety of improvements have been made in recent
years in the eyewear field, particularly with respect to
eyewear intended for use in active sports or as fashion
sunglasses. These improvements have beenm incorporated
inle eyewear having a unitary lens, such as the “Blades®”
design (Oakley, Inc.) the “M Frame®” line (Qakley, Inc.),
and the “Zero®" line also produced by Qakley, Inc. These
eyewear designs accomplish a variety of functional
advantages, such as maximizing interception of peripheral
light, reducing optical distortion and increasing the wearer’s
comfort level, compared to previous active sporl eyewear.

The unitary lens of the “Blades®” eyewear incorporates
the cylindrical geometry disclosed, for example, in U.S. Pat.
No. 4,859,048, issued to Jannard. This geometry allows the
lens to closely conform to the wearer’s face and intercept
light, wind, dust, etc. from directly in front of the wearer
(anterior direction) and peripherally (fateral direction). See
also U.S. Pat. No. 4,867,550 to Jaomard (toroidal lens
geomelry).

Alizough the early unitary lens systems provided a full
side-to-side range of vision and good lateral eye protection,
the potential for optical distortion still exists. In a unitary
lens system, for example, the angle of incidence from the
wearer’s eye to the posterior lens surface changes as the
wearer’s sight Ene turns in the lateral direction. This results
in disparate refraction between light entering closer (o the
front of the lens and peripheral light ¢ntering at the lateral
ends, To address this source of prismatic distortion, U.S. Pat.
No. 4,859,048 discloses tapering the thickness of the lens
from the medial portion toward the lateral edge.

Prior art eyewear has also employed dual lens systems in
which two separate lenses are mounted along a front frame.
Ir the early dual lens eyeglass systerns, each of the right and
left lenses were roughly co-planar in the as-warn configu-
ration. Thus, the sight line of the wearer, when looking
straight ahead, generally crossed the posterior surface of the
Iems at a normal to the lens surface in the optical zone. One
of the disadvantages of this lens configuration was that the
eyeglasses provided essentially no lateral eye protection
withoul the use of special modifications, such as vertically
elongated earstems or side attachments.

Dual lens systems were thereafter developed in which the
lateral edge of each lens curved rearwardly from the frontal
plane, and around the side of the wearer's head 10 provide
a lateral wrap similar to thal achieved by the high wrap
unitary lens systems. Although the dual lens eveglasses with
significant wrap provided laleral eye prolection, the lens
curvature generally introduced measurable prismatic distor-
tion through the wearer’s angular range of vision. This was
particularly pronounced in lenses comprising low index of
refraction materials. In addition, although high base curva-
tures (e.g. base 6 or higher) are sometimes desirable to
oplimize wrap while maintaining a low profile, such lenses
have not been practical ia the past due to the relatively high
level of prismatic distortion.

Thus, there remains a need for a high base nonprescription
lens for use in dual lens eyewear which can intercept Eght
over essentially the full angular range of vision while at the
same time minimize optical distortion throughout that range.
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SUMMARY OF THE INVENTION

There is provided in accordance with one aspect of the
present invention, an eyeglass kens for use in noncorrective
dual lens eyeweas. The eveglass lens is utilized in combi-
nation with a frame to support the Iens in the path of the
wearer’s normai line of sight.

The lens comprises a lens body, having a front surface, a
rear surface, and a thicksess therebetween.

The front surface of the lens conforms to a portion of the
surface of a solid geometric shape. Preferably, the front
surface of the lens conforms substantially 10 a portion of the
surface of a first sphere having a first center. The rear sutface
of the lens conferms substantiaily to a portion of 1he surface
of a solid geometric shape, which may be the same or
different than that conforming to the front surface.
Preferably, the rear surface conforms substantially 1o a
portion of the surface of a second sphere having a second
cenler.

The first and second centers are offset from one another to
taper the lens thickness. The lens is mounted in the frame
such that a line drawn through the first and second centers
is maintained substantially parallel with the wearer’s normal
line of sight.

The lens may be cut from a fens blank, or formed directly
ino its final configuration such as by injection molding or
other techniques known in the art. Preferably, the lens is
oriented on the head of a wearer by the eyeglass frame such
that the normal sight line of the wearer crosses the anterior
surface of the lens at an angle of greater than about 95°, and
preferably within the range of from about 100° to about
120°, while maintaining the optical centerline of the lens in
a substantially parallel relationship with the normal sight
line of the wearer. The optical ceatertine of the lens may or
may nol pass through the lens.

Methods of making the lens of the present invention are
also disclosed.

Further features and advantages of the present Invention
will become apparent from the detailed description of pre-
ferred embodiments which follows, when considered
fogether with the attached claims and deawings.

BRIEF DESCRIFTION OF THE DRAWINGS

FIG. 1 is a perspective view of eyewear incorporating
taper corrected lenses made in accordance with an embodi-
ment of the present inveation.

FIG. 2 is a cross-sectional view taken along the lines 2—2
of FIG. 1.

FIG. 3 is a schematic horizontal cross-sectional view of a
prior art untapered lens for a dual lens cyewear system.

FIG. 4 is & schematic horizonta cross-sectional view of a
tapered lens for a dual lens eyewear system.

FIG. 5 is a cross-sectional view like that in FIG. 2,
showing taper corrected lenses baving a greater base
curvature, in accordance with another embodimesnt of the
present invention.

FIG. 6 is & perspective view of a lens blank conforming
to a portion of the surface of a sphere, showing a lens profile
to be cut from the blank in accordance with a preferred
embodiment of the present invention.

FIG. 7 i a perspeclive cutaway view of the hollow,
tapered wall spherical shape, lens blagk, and lens of FIG. 6.

FIG. 8 is a horizontal cross-sectional view of a lens
constructed in accordance with a prelerred embodiment of
the present invention.
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FIG. 9 is a top plan view of the lens of FIG. § showing a
high wrap in relation 10 a wearer.

FIG. 10 is a right side elevational cross-section of the lens
and wearer of FIG. 9, showing lens rake.

FIG. 11 schematically illustrates the projection of the lens
profile from a desired orientation within an eyewear frame
to the lens blank in accordance with a preferred embodiment
of the present invention.

FiG. 12 is a frost elevational view of the lens and lens
blank of FIG. §, rotated to project the mechanical centerline
of the black normal to the page.

PETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Although the preferred embodiments will be discussed
below in terms of lenses having “spherical” front and rear
surfaces (surfaces which conform substantialty 1o a portion
of the surface of a sphere), it will be understood by those
having ordinary skill in the art that the Invention may also
be applicable to lenses having different surface geometries.
Additicnally, it will be understood that the present invention
has application to lenses of many front elevational shapes
and oriestations in the as wom position beyond those
illustrated herein.

Referring to FIGS. 1 and 2, there is illustrated an eyeglass
10, such as a sunglass having first and second lenses 12, 14
construcied in accordance with an embodiment of the
presem invention. Although the invention is illustrated in the
context of an eyeglass design marketed by Oakley under the
Eye Jackets™ name, the present invention relates solely to
the lens curvalure, taper, and orientation on the head of the
wearer. Therefore the particular lens shape revealed in FIG.
1 is not eritical to the invention. Rather, lenses of many other
shapes and configurations may be constructed which incor-
porate the present invention as will become apparent based
upon the disclosure herein.

Similarly, the particular mounting frame 16 shown is not
essential to the present invention. The frame 16 may bound
only the bottom edge(s) of the lenses 12, 14, only the top
edges, or the enfire lenses as illustrated. Alternatively, the
frame 16 can bound any other portions of the lenses as will
be evident to those of skill in the art. Frameless eyeglasses
can also be constructed in accordance with the present
invention, as long as the lens orientation on the head of the
wearer is substantially maintained in a predelermiced rela-
tionship o the normal sight line as will be discussed below.
Preferably, though, the lenses 12, 14 are each mounted in an
annular orbital as shown.

A pair of earstems 20, 22 pivotally attach to the frame 16.
Alternatively, the earstems 20, 22 may attach directly 1o the
lenses 12, 14. The frame may comprise of any of a variety
of metais, composites or relatively rigid, molded thermo-
plastic materials which are well known in the art, and may
be trapsparent or any of a variety of colors. Injection
molding, machining and other construction techniques are
well known in the arl.

Lenses in accordance with the present invention can be
manufactired by any of a varicty of processes weH known
in the art.

Typically, high optical quality lenses are cul from a
preformed injection molded fens blank. Since the right and
left lenses are preferably mirror images of each other, only
the right lens will generally be discussed below.
Alternatively, the lens can be molded directly into its final
shape and size, to eliminate the need for post molding
cutting steps.
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Preferably, the lens, or the lens blank from which it is cut,
is injection molded and comprises a refatively rigid and
optically acceptable material, such as polycarbonate. Other
polymeric lens materials can also be used, such as CR-3%
and a variety of high index plastics which are known in the
art. The decentered taper correction of the present invention
may also be applicable 1o glass lenses, although the need for
correction in the present context is generaHy more pro-
gounced in nonglass materials.

If the lens Is to be cut from a lens blank, the taper and
curvature of a carefully preselected portion of the molded
lens blank is transferred to the lens in accordance with a
preferred manufacturing process described below.
Preferably, the frame is provided with a slot or other
attachment structure that cooperates with the molded cur-
vature of the lens to minimize deviation from, and even
improve retention of the as-molded curvature.

Alternatively, the lens or lens blank can be stamped or cut
from generally plapar tapered sheet stock and then bent into
the curved configuration in accordance with the present
invention. This curved configuration can then be maintained
by the use of a relatively rigid, curved frame, or by heating
the curved sheel (o retain its curved configuration, as is well
known in the thermoforming ast.

Most preferably, the curvature of both surfaces of the lens
are crealed in the lens blank molding and polishing
processes, and the lens shape is cut from the blank in
accordance with the invention as described below.

Referring to FIG. 2, the lens 14 of the present invention
is characterized in a horizontal plane by a generally arcuate
shape, extending from a medial edge 24 throughout at least
a portion and preferably substantially all of the wearer’s
range of vision to a lateral edge 26. The arc length of the Jens
from the medial edge 24 1o the lateral edge 26 in a dual lens
system will generally be within the range of from about 1%
inches to about 3% inches, and preferably within the range
of from about 2 inches to about 3 inches. In one preferved
embodiment, the arc length of the lens is about 235 inches.

Although the outer susfaces of the lenses 12, 14 appear to
be illustrated as lying or a common circle 31, the right and
left lenses will generally be canted such that the medial edge
of each lens wiil fall outside of the circle 31 ard the lateral
edges will fall inside of the circle 31, such canting of the lens
increases the angle 8 (FIG. 2) and increases the desirability
of the opiical correction zchieved by the present invention.

When worn, the lens 14 should at least extend across the
wearer’s normal line of sight 27, and preferably substan-
tially across the wearer’s peripheral zones of vision. As used
herein, the wearer’s normal line of sight shall refer to a line
projecting straight ahead of the wearer’s eye, with substan-
tially no angular deviation in either the vertical or horizontal
planes as illustrated by line 130 in FIGS. 9 and 10.

The lens 14 is provided with an anterior surface 28, a
posterior surface 30, and a varying thickaess therebelween.
The thickness of the lens 14 in the region of the medial edge
24 for a polycarbonate Iens is generally within the range of
from about 1 mm to about 2.5 mm, and preferably in the
range of from about 1.5 mm to about 1.8 mm. In a preferred
embodiment, the thickest portion of the lens 14 is at or about
the optical centerline, and is about 1.65 mm.

Preferably, the thickness of the lens 14 tapers smoothly,
though not necessarily linearly, from the maximum thick-
pess proximate the medial edge 24 fo a relatively lesser
thickness at the lateral edge 26. The thickness of the lens
near the lateraf edge 26 is generally within the range of from
about 0.635 mm to about 1.52 mm, and, preferably, within
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the range of from about 0.762 mm o about 1.27 mm. In one
preferred polycarbonate embodiment, the lens has a mini-
mum thickness in the lateral zone of about 1.15 mm. The
minimum thickness at lateral edge 26 is generally govemned
by the desired impact resistance of the lens.

FIG. 3 schermmatically illustrates refraction in a prior arl
lens 41 with circular inside and outside surface horizontal
cross-sections, having a uniform thickness 44. With such a
lens 41, the angle of incidence of rays from the lens 41 (o the
cye 46 changes throughout the angular range of vision. For
example, a ray which shalt be referred to for descriptive
purposes as a medial light ray 50 strikes the leas 41 at an
angle 2 & to the normal at the point of incidence. As is well
known in this ari, bending of light at transmitting surfaces
depends in part upen the angle of incidence of light rays. The
ray 50 is refracted or bent in opposite dircctions at each of
an ouier surface 52 and an inner surface 54 of the lens 41,
resulting in a transmitted ray 56 paraliel to the incident ray
50. The transmitted ray 50 is laterally displaced, relative Lo
the path of the incident ray 50, by a distance 58. This
displacement represents a first order source of optical dis-
tortion.

Furthermore, refractory displacement is even more pro-
nounced at a lateral end 60 due to a grealer angle of
incidence §§. A peripheral incident ray 62 experiences greater
displacement 64 than the medial incident ray 50, in accor-
dance with Snell’s Law, as will be undersiood by those of
ordinary skill in the optical arts. The discrepancy between
the peripheral ray displacement 64 and the medial ray
displacement 58 results in a second order of optical distor-
tion. This second order of distortion may cause substantial
warping of an image seen through relatively lateral portions
of the lens 41.

FIG. 4 schematically illustrates a lens 71 of tapered
thickness, to compensate for the greater angle of incidence
at the lateral ends 60 of the lens 41 (FIG. 3), as disclosed in
the context of unitary lens systems in U.S. Pat. No. 4,859,
048, issued to Jannard. Tapering produces a smaller lens
thickress 74 at a jateral end 76, relative to a lens thickness
78 at & more medial point 80. This smaller thickness 74
reduces an amount of peripheral ray displacement 82, rela-
tive to the peripheral ray displacement 64 through the
untapered lens 41 of FIG. 4. In other words, lesser lens
thickness 74 near the lateral end 76 of the tapered lens 71
compensates to some extent for a greater angle of incidence
o, relative to the thickness 78 and angle of incidence §' at
the more medial point 80.

The resulting difference between peripheral ray displace-
ment 82 and mediai ray displacement $4 on the same fens 71
is not as great as the corresponding difference in FIG. 3,
reducing the second order optical distortion. Note that the
degree of correction of the second order distortion depends
upon a relationship between the maoner and degree of
tapering from the apex 85 to each lateral end 76 and the
manner in which the angle of incidence changes over the
same range.

The lens 71 of FIG. 4 is iliustzated as though i were
mounted within a frame (not shown) such that the wearer’s
normal line of sight 86 passes perpendicularly through the
lens 71 at the lens apex or mechanical cenier 85. In other
words, the angle of incidence to the lens normal is zeso for
the wearer’s normal line of sight. The ouler and inner
surfaces of lens 71 in the cross-sectional illusiration conform
to offset, equal-radius circles represented by centerpoinis 87
and 88, respectively. A line drawn through centerpoints 87
and 88, referred 1o herein as the optical centerline of the lens,

40
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is collinear with the normal line of sight in the as-wom
orientation. This conventional configuration shall be defined
as a centrally oriented lens, for ease of description. Circum-
ferentially clockwise or covnterclockwise of the normal line
of sight 86, the angle of incidence to the lens normal
increases in a regular fashion from zero at the lens apex 85.

A high degree of wrap may be desirable for aesthetic
styling reasons, for lateral protection of the eyes from fying
debris, or for interceplion of peripheral lighl. Wrap may be
attaired by utilizing lenses of tight horizontal curvature
(high base), such as small-radivs spherical lenses, or by
mounting each leas in a position which is canted laterally
and rearwardly relative to cenirally oriented dual lenses,
Such canting shifts the normai line of sight 86 out of a
collinear relationship with the optical centerline, and
changes the optics of the lens. As a resuli, prior art dual lens
eyewear with substamial “wrap” around the sides of a
wearer’s face has generally been accompanied by some
degree of prismatic distortion.

In accordance with the present invention, there is pro-
vided an improved optical configuration and method for
minimizing prismatic distortion, Though the present inven-
tion may be applied 10 a wide variety of lens shapes and
orientations, the invention has particular utility for dual lens
eyewear using high base curvature and demonstrating a high
degree of wrap in the as-worn orientation.

Referring to FIGS. 2 and 5, the illusirated cyewear
incorporates canted lenses 12 and 14 or 102 and 104,
mounted in a position rotated laterally relative to conven-
tional centrally oriested dual lens mountings. A canted lens
may be conceived as having an orientation, relative to the
wearer’s head, which would be achieved by starting with
conventiopal dual lens eyewsar having centrally oriented
lenses and bending the frame inwardly at the temples to
wrap around the side of the head.

As & consequence of the increased wrap, the wearer’s
normal line of sight 27 no longer strikes the lens 14
perpendicularly, as illustrated in FIG. 4. Instead, the angle of
incidence 0 FIG. 2 for the wearer’s line of sight 27 is
generally greater than 90°, and to achieve good wrap il may
be greater than about 95°, preferably is within the range of
from about 100° to about 135°, and in one 9.5 base embodi-
menl is about 101.75°. Lower base lenses generally will
exhibit a larger angle O in the as worn orientation, and the
angle 6 in an embodiment having a base of 6.5 was about
113.4°. In a base 4 embodiment having a pupillary distance
of 2.8 inches, the angle 8 was about 119.864°.

FIG. 5 illustrates the horizontal cross-section of an eye-
glass 100 in accordance with an embodiment of the present
invention, similar in style to that illustrated in FIG. 2, except
having lenses 102 and 104 of tighter curvature (higher base)
as well as possibly greater wrap. When the eyeglass 100 is
worn, a lateral edge 106 of the lens 104 wraps significantly
around and comes in close proximily to the wearer’s temple
to provide significant lateral eye protection as has been
discussed.

An anterior (front) surface 108 of the lens of the present
invention will generally conform to a portion of the surface
of a regular geometric solid, suchk as a sphere 110, shown
here in horizontal cross-section. The front surfaces of spheri-
cal lenses 102 and 104 of the illustrated embodiment can,
therefore, be characterized by a radius, By convention in the
industry, the curvalure may also be expressed in terms of 2
base value, such ihat the radius (R) in millimeters of the
anterior surface of the lens is equal to 530 divided by the
base curve, or
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The present invention provides the ability to copstruct
dual lens eyeglass systems having relatively high wrap using
lens blanks having a base eurve of 6 or greater, preferably
between about 7-Y2 and 10-%4, more preferably beiween
about 8 and 9-%3, and, in one embodiment between about
8-% and 9. The radius of the circle conforming to the anterior
surface of a base 8-% lens, for example, is about 6§0.57
mikiimeters. Por comparison, the radius of the circle which
characterizes the anterior surface of a base 3 lens is about
176.66 millimeters.

The embodiment of the presest invention illustrated in
FIG. 5 may be cut from a base 8% lens blank having a
thickness of about 0.0649 inches at the optical centerline and
about 0.053 inches at reference a point two inches along the
outer circumference of the lens from the optical centerline.
Alternatively, the lens can be molded directly inio its final
shape and configuration.

FIG. 6 is a perspective view of a lens blank 122, a convex
outside surface 136 of which generally conforms to a portion
of the surface of a three-dirnensional geometric shape 124,
It will be understood by those of skill in this art that fenses
in accordance with the present invention may conform to
any of a variety of geometric shapes.

Preferably, the outside surface of the lens will conform to
a shape having a smooth, continuous surface having a
constant horizontal radius {sphere or cylinder) or progres-
sive curve {ellipse, toroid or ovoid) in either the horizontal
or vertical planes. The geometric shape 124 of the preferred
embodiments herein described, however, generally approxi-
maies a sphere.

The sphere 124 illustrated in FIGS. 6 and 7 is an imagi-
nary three-dimensional solid, a portion of the wall of which
is suitable from which to cut a lens 20. As is known in the
art, precision lens cutling is often accomplished by produc-
ing a lens blank 122 from which a lens 120 is uliimately cut.
However, it should be clear to those of skill in the art from
the illustrations of FIGS. 6 and 7, thai the use of a separate
iens blank is opticnal, and the lens 120 may be molded
directly into its final shape and configuration if desired.

It can also be scen from FIGS. 6 and 7 that the lens 120
andfor the lens blank 122 can be positioned at any of a
variety of locations along the sphere 124. For the purpose of
the present invention, the optical centerline 132 operates as
a reference line for orientation of the lens 120 with respect

to the sphere 124. [n the illustrated embodiment, wherein 3

both the ouiside surface and the inside surface conform to 2
portion of a sphere, the optical centerline is defined s the
line 132 which joins the two centers Cl and C2. The
analogous reference line for the purpose of nonspherical lens
geometry may be formed in a manner different than con-
nection of the two geometric centers of the spheres, as will
be apparent to one of skill in the art.

The lens 120 is ultimately formed in such a manner that
it retains the geometry of a portion of the wall of the sphere
as illustrated in FIG. 7. The location of the lens 120 on the
sphere 124 is selected such that when the lens 120 is oriented
in the eyeglass frame, the normal line of sight 130 of the
wearer through the lens will be praintained substamtially
parallel to the optical centerline 132 of the geometric
configuration from which the lens 120 was abtained. In the
illustration of FIGS. 6 and 7, the lens 120 is a right lens
which has a significant degree of wrap, as well as some
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degrec of rake. A lens having a different shape, or a lesser
degree of wrap may overlap the optical centerline 132 of the
imaginary sphere 124 from which the lens was formed.
However, whelher the optical centerline of the imaginary
sphere 124 crosses through the lens 120 or not is
unimporiant, so long as the line of sight 130 ia the lens 120
is maintained substantially parallel in the as-worn orienta-
tion with the optical centerline 132.

For purposes of the present invention, “substantially
parallel” shall mean that the line of sight 130 when the lens
120 is oriented in the as worn position generally does nol
deviate within the horizontal plane by more than about +15°
from parallel to the optical ceaterline 132. Preferably, the
normal line of sight 130 should not deviate by more than
about =10° from the optical centerline 132, more preferably
the normal line of sight 130 deviates by no more than about
+5° and most preferably no more than about =2° from
paralle] Lo the optical centerline 132, Optimally, the line of
sight 130 is parallel to the optical centerline in the as worn
orientation. Typicaily, an eyewear frame has a vertical plane
of symmetry which is subslantially parallel to the line of
sight 130. Accordingly, the optical centerline 132 will be
substantially parallel to the frame’s vertical plane of sym-
metry.

Variations from parallel in the horizomal plane generally
have a greafer negative impact on the lens than variations
from parallel in the vertical plane. Accordingly, the solid
angle between the line of sight 130 and optical centerline
132 in the vertical plane may exceed the ranges set forth
above, for some eyewear, as long as the horizontal compo-
nent of the angle of deviation is within the above-mentioned
ranges of deviation from the parallel oricntation. Preferably,
the line of sight 130 deviates in the vertical plane no more
than about x10° and, more preferably, no more than about
+3° from the optical centerline in the as worn orientation.

TIG. 7 is a cutaway view of the lens 120, lens blank 122,
and geometric shape 124 of FIG. 6. This view shows that the
preferred geometric shape 124 is hollow with walls of
varying thickness, as revealed by a horizoutal cross-section
134 at the optical centerline of the geometric shape 124.

The tapered walls of the preferred geometric shape 124
result from 1wo horizontally offsel spheres, represenied by
their center points C1 and C2 and radii R1 and R2. An outer
surface 136 of the preferred lens blank 122 conforms to one
sphere (of radius R1) while an inner surface 138 of the lens
blank 122 conforras to the other sphere (of radius R2). By
adjusting the parameters which describe the two spheres, the
nature of the taper of the lens blank 122 may also be
adjusted.

In particular, the parameters for the two spheres to which
the lens blank outer surface 136 and inner surface 138
conform is preferably chosen to produce zero refractive
power, or non-prescription lenses. Where CT represents a
chosen center thickness (maximum thickness of the wall of
the hollow geometric shape 124), n is an index of refraction
of the lens blank material, R1 is set by desiga choice for the
curvature of the outer surface 136, R2 may be determined
according to (ke following equation:

cT ey
Ry= R =CT+—

CT/n represents the separation of the spherical centers C1
and C2. For example, where a base 6 lens is desired as a
matter of design choice, the center thickness is chosen to be
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3 mm, and the index of refraction of the preferred material
(polycarbonate) is 1,586, R2 may be determined as follows:

R. 330 3+ 3 =87.225mm @
Y 1386

For this example, the radius R1 of the outer surface 136 is
equal 10 88.333 mm, the radius R2 of the inner surface 138
is equal to 87.225 mm, and the spherical centers C1 and C2
are separated by 1.892 mm. These parameters describe the
curvature of the lens blank 122 of the preferred embodiment.

In the case of the preferred embodiment, the optical
centerline 132 is that line which passes through both center
points C1 and €2 of the offset spheres. This happens 1o pass
through the thickest portion of the preferred geometrical
shape 124 walls at an optical center 140, though this may not
be true for alternative nonspherical embodiments. The opti-
cal center 140 happens 10 pass through surface 136 of the
illustrated lens blank 122, although this is not necessary. The
optical center 140 does not happen 1o lie on the lens 120,
although it may for larger lenses or lenses intended to exhibit
less wrap in the as-worn orientation.

FIG. § illustrates a horizontal cross-section of the pre-
ferred lens 120, showing is phantorn the geometric shape
124 to which the outer surface 136 and inner surface 138
conform, The lens blank 122 is omitted from this drawing.
In accordance with the present invention, the optical cen-
terline 132 associated with the chosen taper is aligned to be
parallel with the normal line of sight 130 of the wearer as the
Iens 120 is to be mounted in an eyeglass frame.

Furthermore, although the preferred embediments are
circular in both horizontal and vertical cross-seclion, a
varicty of lens configurations in both planes are possible in
conjunction with the present invention. Thus, for example,
the outer surface of the lens of the present invention may
generally conform to & spherical shape as shown in FIGS. 6
and 7. Alternatively the lens may conform to a right circular
cylinder, a frusto-conical, an elliptic cylinder, an elipsoid,
an ellipsoid of revolution, or any of a number of other three
dimensional shapes. Regardless of the particular vertical or
horizontal curvature of the outer surface, however, the inger
surface should be chosen such as Lo smoothly taper the lens
thickness at least in the korizontal plane.

FIGS, 9-12 will aid in describing a method of choosing
a location on the lens blank 122 from which to cut the right
lens 120, in accordance with a preferred embodiment of the
present invention. It will be understood that a similar method
would be used to construct the left lens for the dual lens
eyewear ol the preferred embodiment.

As a first step, a desired general curvature of the lens outer
surface 136 may be chosen. For the preferred lens 120, this
choice determines the base value of the lens blank 122. As
noted elsewhere herein, a number of other curvatures may be
uiilized in conjunction with the present invention. A choice
of lens thickness may also be preselected. In particutar, the
minimum thickness may be selected such that the lens witl
withstand a preselected impact force.

A desired lens shape may also be chosen. For example,
FIG. 12 illustrates an example of a front elevational shape
for the lens 120. The particular shape chosen is generally not
relevant to the decentered lens optics disclosed herein.

A desired as-worn orientation for the lens should also be
chosen, relative to the normal line of sight 130 of the wearer
126. As mentioned above, prefesred orientations may pro-
vide significant lateral wrap for lateral protection and inter-
ception of peripheral light, and for aesthetic reasons. For
example, the embodiment illustrated in FIGS. 612 uses a
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canted lens 120 to achieve wrap. Alternatively, wrap may be
achieved through use of a higher base lens and a more
conventional (noa-canted) orientation. FIGS. 9 and 10 illus-
irate more plainly how the crientations may be related to the
line of sight 130 of the wearer.

The eyewear designer may also choose a degree of rake,
or vertical tilt, as will be understood from FIG. 10, sche-
matically illustrating the vertical orientation of the lens 120
relative to the head of the wearer 126, and relative in
particular to the normal line of sight 130. A downward rake,
as illustrated, is desirable for a variety of reasons, including
improved conformity to common head anatomy. As will be
appareat to those of skill in the art, 2 lens 120 having a
mechanical center point which falls below the horizontal
plane intersecting the optical centerline 132 {see FIG, 7) will
tead to have a downward rake as illustrated in FIG, 10. This
is because the lens 120 will have been formed below the
equaior of the sphere relative 1o the optical centerline. Since
the orientation of the lens 120 to the optical centerline 132
in the imaginary sphere should be the same as {he orientation
between ihe lens 120 and 2 parallel to the aormal line of
sight 130 in the as-worn condition, any lens cut from this
sphere below the optical centerline 132 should exhibit a
corresponding degree of downward rake.

Referring now to FIG, 11, a2 mapping of the horizonial
crienfation of the lens 120 onlo the lens blaak 122 is
illustrated. The normal Hoe of sight 130, with respect to
which the chosen orienfalion is measured, is mainlained
substantially parallel to ihe optical centerline 132,

Once the aesthetic design such as that illustrated in FIG.
11 has been determined, and the lens blank 122 formed
having a suitable base curvature for filting within the aes-
thetic design, the aesthetic design may be “projecied” onto
the surface of the sphere to reveal that portion of the sphere
which is suitable for use as the lens 120, The projection of
the lens shape onto the sphere shouid be moved about the
surface of the sphere until it is positioned such that the lens
cut from the sphere at that location will exhibit the appro-
priate wrap and rake for the aesthetic design without any
rotation of the lens 120 ow of its crienlation in which the
oplical centerline of the sphere is substantially parallel to the
normal line of sight in the as-worn orientation.

Although mot illustrated, it will be understood that a
similar projection may be performed for the vertical orien-
tasion chosen, as depicted in FIG. 11, for instance, FIG. 10
provides reference points in the form of the lens 1op edge
152 and bottom edge 154 in relation 1o the line of sight 130.
The projection may then be shifted up or down until the top
edpe 152 and the bottom edge arc both simuitancously
aligned with comresponding points on the outer surface 136
of the lens blank, while maintaining the line of sight 130
substaatially parallel with the optical centerline 132,

Projection of both the horizontal profile and the vertical
profile may be performed simultaneously, locating a unique
position on the lens blank 122 corresponding to the desired
three-dimensional shape of the lens (including the front
elevational shape shown in FIG. 12} at which the line of
sight 130 is parallel to the optical centerline 132 or other
reference line of the lens blank 122. Of course, it will be
understood that the lizes 130 and 132 may be substantially
paratlel, that is, within the acceptable range of angular
deviation set forth above.

This shape may then be cut from the blank 122 or molded
directly in the final lens configuratior. The resultant lens 120
not only conforms to the desired shape, but aiso minimizes
prismatic distortion.

FIG. 12 illusiraies a lens blank 122, such as that shown
conforming to a portion of the surface of the sphere in FIGS.
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6 and 7. In FIG. 12, the lens blank 122 has been rotated such
that the mechanical center of the blank is illustrated in the
center of the drawing. The illusirated lens 120 has a medial
edge 148, a lateral edge 144, an upper edge 152 and a lower
edge 154. Al [east a portion of the right lens 120 lies in the
lower left-hand {third)} quadrami of the lens blank 122.
Preferably, in an embodiment of the invention exhibiting
both wrap and downward rake, at least about half of the lens
area will fall within the third quadrant of the lens blank 122.
Preferably all or substantially all of the area of the lens 120
will lie below and to the left of the optical cenfer as
illustrated. Lenses exhibiting a similar degree of rake but
lesser wrap may be poesitioned on the lens blank 122 such
that as much as 50% or more of the lens area is within the
lower right (second) quadrant of the lens blank 122.

The prescat invention thus provides a precise method of
furnishing the correct correspondence between taper and the
varying angle of incidence from the wearer’s eye to the
surface of a lens. By recognizing a novel relationship amang
the wearer’s line of sight and the form of taper, the present
invention allows use of any of a variety of lens designs while
minimizing prismalic distortion. For example, a designer
may choose a desirable orientation and curvatare for the
lens, relative to a wearer’s line of sight. The orientation and
curvaiure may be chosen from a wide range of rake (ie.,
vertical “tlt” of the lens), horizental cent, base value and
proximity to a wearer’s face, including those parameters
resulting in a high degree of wrap. The form of taper may
then be chosen, by 1he method of the presert invention, such
that the pzismatic distortion is minimized.

Although the foregoing invention has been described in
terms of certain preferred embodiments, other embodiments
will become apparent to those of ordinary skill in the art in
view of the disclosure herein. Accordingly, the presemt
invention is not intended 10 be lmited by the recitation of
preferred embodiments, but is intended to be defined solely
by reference to the appended claims.

‘What is claimed:

1. An oriented, optically corrected non-preseription dual
lens to eyeglass, comprising:

a lefi non-glass lens body and a right non-glass lens body,
said left lens body having a lefl mechanical center and
said right lens body having a right mechanical center;

a frame for supporting the right lens in the path of a
wearer’s normal line of sight from a right eye and the
left lens in the path of a wearer’s normal line of sight
from  left eye, each lens exhibiting an amount of wrap
and an amount of rake in an as worn orientation with
respect o the wearer’s right and left normal lines of
sight;

a front surface and a rear surface on cach of the right and
left lens badies, defining a lens thickness therebetween
for each of the right and left lenses;

each of the front surface and rear surface of the right lens
conforming substantially to portions of the surfaces of
a fromt right sphere having a first center and a rear right
sphere having a second center, respectively, such that
the thickoess of the right Iens is tapered in bolh
horizontal and vertical planes;

each of the front surface and rear surface of the left lens
conforming substantially to portions of the surfaces of
a front left sphere having a third center and a rear lefl
sphere having a fourth center, respectively, such that
the thickness of the lefl lens is tapered in both hori-
zontal and vertical planes;

each of said first, second, third and fourth centers offset
from one another;
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a right oplical centerline extending through the first and

second centers of the right lens;

a left optical centerline extending through the third and

fourth centers of the lefl lens;

wherein the right mechanical center is offset both hori-

zontally and vertically from the right optical ceaterline,
by a vertical distance which corresponds to the amount
of rake exhibited by the right Iens in the as wom
orientation and by a horizontal distance which corre-
sponds 1o the amount of wrap exhibited by the right
lens in the as worn orientation, and the left mechanical
center is offsel both herizontally and vertically from the
left optical centerline, by a vertical distance which
corresponds to the amount of rake exhibiled by the left
lens in the as worn orienfation, and by a horizontal
distance which corresponds to the amount of wrap
exhibited by the left lens in the as worn orientation to
produce eyewear which is optically corrected for pris-
matic error which would otherwise have been induced
by said rake and wrap.

2. An eyeglass as in claim 1, wherein each of said front
right sphere and said front left sphere has a base curve of
greater than about base 6.

3. An eyeglass as in claim 2, wherein each of said front
right sphere and said front left sphere has a base curve of
grealer than about base 8.

4. An eyeglass as in claim 3, wherein each of said front
right sphere and said front left sphere has a base curve within
the range of from about 7.5 to about 10.5.

5. An eyeglass as in claim 4, wherein a horizontal com-
penent of the wearer’s normal line of sight from each eye
deviates in the as worn orieniation by no more thaa about
%10° from parallel with a2 horizontal component of the
corresponding optical centerline.

6. An eyeglass as in claim 5, wherein the horizontal
component of the wearer’s normal line of sight from each
eye deviates in the as worn oriemation by no more than
about £5° from paralle] with the horizontal component of the
corresponding optical centerline.

7. An eyeglass as in claim 6, wherein the horizontal
component of the wearer’s normal line of sight from each
eye is parallel in the as worn orientation with the horizontal
componeni of the corresponding optical centerline.

8. An cyeglass as in claim 4, wherein a vertical component
of the wearer’s normal line of sight from each eye in a
vertical plane deviates in an as worn orientation by no more
than about +10° from parallel with a vertical componeat of
the corresponding optical centerline.

9. An eyeglass as in claim 8, wherein the vertical com-
ponent of the wearer’s normal line of sight from each eye is
within about =3° from parallel in an as worn orientation fo
the vertical component of the corresponding optical center-
line.

10. An eyeglass as in claim 1, wherein the wearer’s
normal line of sight from each eye crosses the rear surface

~of the corresponding lens at an angle within the range of

65

from about 100° to about 135°.

11. An eyeglass as in claim 1, wherein the wearer’s
normal line of sight from each eye crosses the rear surface
of the [ens at an angle which is greater than about 95° .

12. An eyeglass as in claim 1, wherein each of said right
and left lenses comprises polycarbonate.

13. An eyeglass as in claim 1, wherein each of the right
and left lenses is cut from a lens blank.

14. An eyeglass as in claim 1, whereia each of the right
and left lenses has a maximum horizontal arc length within
the range of from about 1 % inches to about 3 ¥ inches.
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15. An eyeglass as in claim 14, wherein each of the right
and left lenses has 2 maximum horizontal arc length within
the range of from about 2 inches to about 3 inches.

16. An eyeglass as in claim 1, wherein the right and lefl
lenses are canted such that a medial edge of each of said
right and left lenses falls outside of a circle and a lateral edge
of each of the right and left Jenses falls inside of said circle.

17. An eyeglass as in claim 1, wherein the medial edge of
each of the right and left lenses has a thickness within the
range of from aboul 1 mm to about 2.5 mm.

18. An eyeglass as in claim 17, wherein the medial edge
of each of the right and left lenses has a thickness within the
range of from abowt 1.5 mm to about 1.8 mm.

19. An eyeglass as in claim 1, wherein the radius of the
front right sphere and ihe radius of the front left sphere are
each about 60.57 mm.

20. An eyeglass as in claim 1, wherein the eyeglass has 2
vertical plane of symmetry which is substantially parallel to
the wearer’s right and left normal lines of sight.

21. An eyeglass as in claim 1, wherein the right optical
centerline crosses the right lens at a point which is offset
both horizontally and vertically from the wearer's right eye
normal line of sight, and the left optical centerline crosses
the lefl lens at a point which is offset both horizontally and
verlically from the wearer’s left eye normal line of sight.

22, An eyeglass as in claim 21, wherein the right optical
centerline is substantially parallel with the wearer’s right eye
normal line of sight, and the lefl optical centerline is
substantially parallel with the wearer’s left eye normal line
of sight.

23. A dual lens optically corrected eyeglass, comprising:

a first non-glass lens and a second non-glass lens;

a dual lens frame for supporting the first and second lenses
in front of a wearer’s first normal line of sight corre-
sponding to one eye of the user and the wearer's second
normal line of sight corresponding o the other eye of
the user respectively, in an as worn orjentation, each
lens exhibiting a degree of wrap and a degree of
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downward rake in the as wom orientation such that
cach of the wearer’s first and second normal lines of
sight cross the rear surface of the first and second lenses
respectively, at ¢ non normal angle in each of horizortal
and vertical planes;

each lens having a posterior surface with a posterior
center of curvature, an antesior surface with a separate
and distinct anterior center of curvature, a thickness
between the posterior and anterior surfaces, and a
separate and distinet optical centerline passing through
the respective posterior and anterior centers of curva-
ture;

the thickness of each lens being vertically tapered on
either side of a horizontal plane which includes the
corresponding optical centerfine, and horizontally
tapered on at least one side of a vertical plane which
includes the corresponding optical centerline, for opti-
cal correction of each lens in the as worn orientation,
wherein a mechanical center of each lens is spaced below
the horizontal plane by a distance which corresponds to
the degree of downward rake of ¢ach lens in the as
worn orientation thereby minimizing prismatic shifi
which would have been induced by mounting cach lens
with said degree of downward rake.
24. An eyeglass as in claim 23, wherein each lens has a
base curve within the range of from about 7.5 10 about 10.5.
25, An eyeglass as in claim 24, wherein each lens has a
base curve within the range of from about 8 to about 9.5,
26. An eyeglass as in claim 24, wherein each lens is
oriented such that the corresponding straight ahead normal
line of sight crosses the lens at an angle of greater than about
95° in the as worn orientation.
27. An eyeglass as in claim 26, wherein each normal line
of sight crosses the corresponding lens at an angle within the
range of from about 100° to about 135°.

LI
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DECENTERED NONCORRECTIVE LENS
FOR EYEWEAR

CROSS-REFERENCE TO RELATED
APPLICATION

The present application is a continuation-in-part of the
U.S. patent application entitled “DECENTERED NON-
CORRECTIVE LENS FOR EYEWEAR,” having Ser. No.
08/567,434, filed Dec. 5, 1995, naw U.S. Pal. No. 5,648,832
and assigned to the assignee of the present application.

FIELD OF THE INVENTION

The present invention relates generally 1o lenses used in
eyewear, and more particularly le a deceniered, noncorrec-
live lens configured and oriented to reduce optical distortion.

BACKGROUND OF THE INVENTION

Awide variety of improvements have been made in recent
years in the eyewear field, particularly with respect to
eyewear infended for use in active sports or as fashion
sunglasses. These improvements have been imcorporated
into eyewear having a unitary lens, such as the “Blades®”
design (Oakley, Inc.) the “M Frame®” line (Oakley, Inc.),
and the “Zero®” line also produced by Oakley, Inc. These
eyewear designs accomplish a variety of functional
advantages, such as maximizing interception of peripheral
fight, reducing optical distortion and increasing the wearer’s
com/{ort fevel, compared fo previous active sporl eyewear.

‘The unitary Iens of the “Blades®” eyewear incorporates
the cylindrical geometry disclosed, for example, in U.S. Pat.
No. 4,859,048, issued 1o Jannard, This geometry allows the
lens to closely conform to the wearer’s face and intescept
light, wind, dust, etc. from directly in front of (he wearer
{anterior direction) and peripheraily (lateral direction). See
also U.S. Pat. No. 4,867,550 to Jaannard (toroidal lens
geomelry).

Although the early unitary lens systems provided a full
side-lo-side range of vision and good lateral eye protection,
the polential for optical distortion still exists. In a uritary
lens system, for example, the angle of incidence from the
wearer’s eye to the posterior lens surface changes as the
wearer’s sight line turns in either the vertical or horizontal
planes. This results in disparate refraction between light
entering closer 1o the front of the lens and peripheral light
enlering at the lateral ends. To address this source of
prismatic distortion, U.S. Pat. No. 4,859,048 discloses taper-
ing the thickness of the lens from the medial portion toward
the lateral edge.

Prior art eyewear has also employed dual lens systems in
which two separate lenses are mounied along a front frame.
In the early dual lens cyeglass systems, each of the right and
left lenscs were roughly co-planar in the as-worn configu-
ration. Thus, the sight line of the wearer, when looking
straight ahead, generally crossed the posterior surface of the
lens al a normal to the lens surface in the optical zone. One
of the disadvantages of this lens configuration was that the
eveglasses provided essentially no lateral eye protection
without the use of special modifications, such as vertically
clongaled earstems or side attachments.

Duai lens systems were thereafter developed in which the
lateral edge of each lens curved rearwardly from the [rontal
plane, and around the side of the wearer’s head to provide
a lateral wrap similar to that achieved by ke high wrap
unitary lens systems. Although the dual lens eyzglasses with
significant wrap provided lateral eye protection, the lens
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curvature gencrally introduced measurable prismatic distor-
tion through the wearer’s angular range of vision. This was
particularly prenounced in lenses comprising high index of
refraction materials. In addition, altbough high base curva-
tures {e.g. base 6 or higher) are sometimes desirable to
oplimize wrap while maintaining a low profile, such lenses
have not been practical in the past due to the relatively high
tevel of prismatic distortion.

Thus, there remains a need for a high base nonprescription
lens for use in dual lens eyewear of the type exhibiting wrap
and rake, which can intercept light throughout an angular
range of vision while at the same time minimize optical
distortion throughout that range.

SUMMARY OF THE INVENTION

There is provided in accordance with one aspect of the
present invention, an eyeglass lens for use in noncorrective
dual lens eyewear. The eyegtass lens is atilized in combi-
nation with a frame to support the lens in the path of the
wearer’s normal line of sight.

The lens comprises a lens body, having a front surface, a
rear surface, and a thickness therebelween,

The front surface of the lens conforms to a portion of the
surface of a solid geometric shape. In one embodiment, the
front surface of the lens conforms substantially to a portion
of the surface of a first sphere having z first center. The rear
surface of the lens conforms substantially to a portion of the
surface of a solid geometric shape, which may be the same
or different than that conforming to the front surface. In one
embodiment, the rear surface conforms substantially 10 a
poriion of the surface of a second sphere having a second
center.

The first and second centers are offset from one another to
taper the lens thickness. The lens is mounted in the frame in
an orientation such that a line drawn through the first and
second centers is maintained generally in parallel with a
preselected reference such as the wearer’s normal straight
ahead line of sight.

The lens may be cut from a lens blank, or formed directly
into its final configuration such as by injection molding or
olher techniques knows in the art. Preferably, the lens is
orienfed on the head of a wearer by the eyeglass frame such
that the normal sight line of the wearer crosses the anterior
surface of the lens at an angle of greater than about 95°, and
preferably within the range of from about 100° to about
120°, while maintaining the optical cenlerkine of the lens in
a generally parailel relationship with the normal sight line of
the wearer. The optical centerline of the lens may or may not
pass through the lens,

Methods of making the lens of the present invention are
also disclosed.

Further features and advantages of the present invention
will become apparent from the detailed description of pre-
ferred embodiments which follows, when considered
together with the attached claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of eyewear incorporating
taper corrected lenses made in accordance with an embodi-
ment of 1he present invention.

FIG. 2 is a cross-sectional view taken along the lines 2—2
of FIG. 1,

FIG. 3 is a schematic horizontal cross-sectional view of a
prior arl ustapered lens for a dual lens eyewear system.

FIG. 4 is a schematie horizontal cross-sectional view of a
tapered lens for a dual lens eyewear system.

Exhibit 4, Page 14 of 21



Case 8:10-cv-00708-JVS -AN Document 1 Filed 06/03/10 Page 69 of 95 Page ID #:69

v

6,010,218

3
FIG. 5 is a cross-scctional view like that in FIG. 2,
showing taper correcled lenses having a greater base
curvature, i accordance with another embodiment of the
present invenlios,

FIG. 6 is a perspective view of a lens blank conforming
to a portion of the surface of 4 sphere, showing a lens profile
to be cut from the blank in accordance with a preferred
embodiment of the present invention.

FIG. 7 is a perspective cutaway view of the hollow,
lapered wall spherical shape, lens blank, and lens of FIG. 6.

FIG. 8 is a horizontal cross-sectional view of a leas
constructed in accordance with a preferred embodiment of
the present invention.

FIG. 8A is a vertical cross-sectional view of a lens
constructed in accordance with a preferred cmbediment of
the present invention.

FIG. 9 is a top plaz view of the lens of FIG. 8 showing a
high wrap in relation to a wearer.

FIGS. 10A-10C are right side elevational views of lenses
of various configurations and orientations relative to a
Wearer.

FIG. 10A, illustrates the profile of a properly configured
and oriented fens for use in an eyeglass having downward
rake, in accordance with a preferred embodiment of the
present invention,

PIG. 10B itlustraies the profile of a centrally oriented leas
with no rake.

FIG. 10C iliustrates a lens exhibiting downward rake but
which is not configured and oriented to minimize prismatic
distortion for the siraight akead line of sight.

FIG. 11 schematically illustrates the projection of the lens
horizontal profile from a desired orientation within an eye-
wear frame 1o the lens blank, in accordance with a preferred
embodiment of the present invention.

TIG. 11A schematically illustrates the projection of the
lens vertical profile from a desired orientation within an
eyewear frame to the lens blank, in accordance with a
preferred embodiment of the present invention.

FIG. 12 is a top plan view of the right lens and front
(convex surface) of the lens blank of FIG. 6, rotated to
project the mechanical centerline of the blask normal to the
page.

FIG. 12A is a top plan view, like that of FIG. 12,
additionally showing the position from which a feft lens
could have been cut from the same lens blank.

DETAJLED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Although the preferred embodiments will be discussed
below in terms of lenses having “spherica?” front and rear
surfaces (surfaces which conform substantially to a poriion
of the surface of a sphere}, it will be understood by those
having ordinary skill in the art that the invention may also
be applicable to lenses having different surface geomedries.
Additionally, it will be understeod that the present invention
has application to lenses of many front elevational shapes
and orientations in the as-worm position beyond those illus-
trated herein.

Refesring to FIGS. 1 and 2, there is illustrated an eyeglass
10, such as a sunglass having firsl and second fenses 12, 14
constructed in accordance with an embodiment of the
preseat invention. Although the inveation is illustrated as
though it were incorporated into an eyeglass design mar-
keted by Oakley under the Eye Jackets™ name, the present
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invertion relales solely to the lens curvature, taper, and
orientation on the head of the wearer, Therefore the particu-
lar lens or frame shape revealed in FIG. 1 is nol critical 1o
the invention. Rather, lenses of many other shapes and
configurations may be constructed which incorporate the
configuration and orientation of the present invention, as
will become apparent based wpos the disclosure herein.

Similarly, the mounting frame 16 having continuous
orbitals is not essential to the present invention. The orbitals
may bound oaly the bottom edge(s) of the lenses 12, 14, only
the top edges, or the entire lenses as illustraicd.
Alternatively, the frame 16 can bound any other portions of
lhe lenses as will be evident to those of skill in the ari.
Frameless eyeglasses can also be constructed in accordance

_ Witk the present invention, as long as the lens orientation on

the head of the wearer is substantially maintained in a
predetermined relationship 1o a preselected sight Hne as will
be discussed below. Preferably, though, the lenses 12, 14 are
each mounted in an apnular orbital as shown.

Apair of earstems 20, 22 pivotally attach to the frame 16.
Alternatively, the earstems 20, 22 may attach directly to the
lenses 12, 14. The frame may comprise any of a variety of
melals, composites or relatively rigid, molded thermoplastic
malerials which are well knows in the art, and may be
lransparent or any of a variety of colors. Injection molding,
machining and other construction techniques are well known
in the arl.

Lenses in accordance with the preseat invention can be
maaufaciured by any of a variety of processes well known
in the art.

Typically, high optical quality Ienses are cut from a
preformed injection molded fens blank. Since the right and
left lenses are preferably mirror images of each other, only
the right lens will generally be deseribed for most of the
discussion below. In describing a method of cutling lenses
from preformed lens blanks, however, the manner in which
a left lens differs from the right lens will be related to the
degree of rake and wrap chosen for the as-womn lens
orientation. Alternatively, the lens can be molded dircetly
into its final shape and size, to eliminate the need for post
molding cutting steps.

Preferably, the lens, or the lens blank from which it is cut,
is injection molded and comprises a relatively rigid and
optically acceplable malerial, such as polycarbonate. Other
polymeric lens materials can also be used, such as CR-39
and a variety of high index plastics which are known in the
arl. The decentered taper correction of the present invention
may also be applicable to glass lenses, afthough the need for
cerrection in the present context is generally more pro-
nounced in currently popular nonglass materials,

If the lens is to be cut from a lens blank, the taper and
curvature of a carefully preselected portion of the lens blank
is transferred o the lens in accordance with a preferred
orientation process described below. Preferably, the frame is
provided with a slot or other attachment structare that
cooperates with the molded curvature of the lens to mini-
mize deviation from, and even improve retention of the
as-molded carvature.

Alternatively, the Iens or lens blank can be stamped or cut
from generally planar tapered sheet stock and then bent into
the curved configuration in accordance with the present
invention. This curved configuration can then be mainiained
by the use of a relatively rigid, curved frame, or by heating
the curved sheel to retain its curved configuration, as is well
known in the thermoforming art.

Most preferably, the curvature of both surfaces of the lens
are crealed in the lens blank molding and polishing
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processes, and the lens shape is cul from the blank in
accordance with the invention as described below.

Referring to FIG. 2, the lens 14 of the present invention
is characterized in a horizontal plane by a generally arcuate
shape, extending from a medial edge 24 throughout at least
a portion and preferably substantially all of the wearer’s
range of vision Lo a lateral edge 26. The arc length of the lens
from the medial edge 24 to the lateral edge 26 in a dual lens
sysiem will generally be within the range of from about 1%4
inches to about 3% inches, and preferably within the range
of from about 2 inches to about 3 inches. In one preferred
embodiment, the arc length of the lens is about 2% inches.

Although the outer surfaces of the lenses 12, 14 appear to
be illustrated as lying on a common cizcle 31, ihe right and
left lenses in a high wrap eyeglass will generally be canted
such that the medjal edge of cach lens will fall outside of the
circle 31 and the lateral edges will fall inside of the circle 31.
Such canting of the lens increases the angle 8 (FIG. 2) and
increases the desirability of the optical correction achieved
by the present invention.

When worn, the lens 14 should at least extead across the
wearer’s normal straight abead line of sight 27, and prefer-
ably substantially across the wearer’s peripheral zones of
vision. As used herein, the wearer’s normal line of sight shal}
refer 1o a line projecting straight ahead of the wearer’s eye,
with substantially no angular deviation in either the vertical
or horizontal planes as illustrated by line 130 in FIGS. 9 and
10.

The lens 14 is provided with an anterior surface 28, a
posterior surface 30, and a varying thickness therebetween.
The thickness of the lens 14 in (he region of the medial edge
24 for a polycarbonate lens is generally within the range of
from about ! mm to about 2.5 mm, and preferably in the
range of from about 1.5 mm to about 1.8 mm. In a preferred
embodiment, the thickest portion of the lens 14 is at or about
lhe intersection of the lens with the optical centerline, and is
about .65 man.

Preferably, 1he thickness of 1he lens 14 1apers smeothly,
though not necessarity linearly, from the maximum thick-
ness proximate the medizl edge 24 to a relatively lesser
thickness at the lateral edge 26. The thickness of the lens
near the fateral edge 26 is generally within the range of from
about 0.635 mm to about 1.52 mm, and, preferably, within
the range of from about 0.762 mm to about .27 mm. In one
preferred polycarbonate embediment, the lens has a mini-
mum thickness in the lateral zone of about 1.15 mm. The
minimurn thickness al latera] edge 26 is generally governed
by the desired impacl resisiance of the Iens.

FIG. 3 schematically illustrates relraction in a prior ar!
lens 41 with circular inside and outside surface horizontal
cross-sections, having a uniform thickness 44. With such a
lens 41, the angle of incidence of rays from the lens 41 1o the
cve 46 changes throughout the angular range of vision. For
example, a ray which shall be referred to for descriptive
purposes as a medial light ray 50 strikes the lens 41 al an
angle o to the normal at the point of incidence. As js well
known ia this art, bending of light at {ransmitting surfaces
depends in part upon the angle of incidence of Heht rays. The
ray 50 is refracted or bent in opposite directions af each of
an outer surface 52 and an inner surface 54 of the lens 41,
resulting in a transmitted ray 36 parallel to the incident ray
30. The transmitted ray 50 is laleratly displaced, refative to
the path of the incident ray 50, by a distance 58, This
displacement represents a first order source of (prismatic)
optical distortion.

Furthermore, reltaciory displacement is even more pro-
nounced at a lateral end 68 due to a greater angle of
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incidence B. A peripheral incident ray 62 experiences grealer
displacement 64 than the medial incident ray 30, in accor-
dance with Srell’s Law, as will be understood by those of
ordinary skill in the optical arts. The discrepancy between
the peripheral ray displacement 64 and the medial ray
displacement 58 results in 2 second order of optical distor-
tion. This second order of distorticn may cause subsiantial

warping of an image seen through relatively lateral portions
of the lens 41.

FIG. 4 schematically illustrates a lens 71 of iapered
thickness, to compensate for the greaier angle of incidence
at the lateral ends 60 of the lens 41 (FIG. 3), similar in ways
to that disclosed in the context of unitary lens systems in
U.5. Pat. No, 4,859,048, issued to Jannard. Tapering pro-
duces a smaller lens thickness 74 at a lateral erd 76, relative
10 a lens thickness 78 at a more medial point 80. This smaller
lhickness 74 reduces an amount of peripheral ray displace-
ment 82, relative to the peripheral ray displacement 64
through the uniapered lens 41 of FIG. 4. In other words,
lesser lens thickness 74 near the lateral end 76 of the tapered
lens 71 compensates {o some extent for a greater angle of
incidence ', relative to the thickness 78 and angle of
incidence a'at the more medizal point 80.

The resulting difference between peripheral ray displace-
ment 82 and medial ray displacement 84 on the same lens 71
is not as great as the corresponding difference in FIG. 3,
reducing the second order optical distortien. Note that the
degree of correction of the second order distortion depends
upon a relationship between the manner and degree of
tapering from the apex 85 to each lateral end 76 and the
manner in which the angle of incidence changes over the
same range.

The lens 71 of FIG. 4 is illustrated as though it were
mounted within a frame (not shown} such that the wearer's
normal line of sight 86 passes perpendicularly through the
lens 71 at the lens apex or mechanical center 83. In other
wards, the angle of incidence to the lens rormal is zero for
the wearer’s normal line of sight. The outer and inner
surfaces of lens 71 in the cross-sectional illustration conform
to offset, equal-radius circles represented by centerpoints 87
and 88, respectively. A line drawn through centerpoinis 87
and §8, referred to herein as the opticel centerline of the lens,
is collinear with the normal line of sight in the as-worn
orientation. This conventional configuration shall be defined
as a centrally oriented lens, for case of description. Circum-
ferentially clockwise or counterclockwise of the normal kine
of sight 86, the angle of incidence to the lens normal
increases in a regular fashion from zero at the lens apex 85.

A degree of wrap may be desirable for aesthelic styling
reasons, for lateral protection of the eyes from flying debris,
or for interception of peripheral light. Wrap may be attained
by utilizing lenses of tight horizontal curvature (high base),
such as spherical lenses, and/or by mounting cach lens in 2
position which is canted laterally and rearwardly relative 1o
centrally oriented dual lenses. Such canting shifts the normal
line of sight 86 out of a collinear rejationship with the optical
cenlerkine, and changes tie optics of the lens. As a result,
prior art dual lens eyewear with substaatial “wrap” around
the sides of a wearer’s face has generally been accompanied
by some degree of prismatic distortion.

Similarly, a kigh degree of rake or vertical tilling may be
desirable for aesthelic reasons and for intercepting light,
wind, dust or other debris from below the wearer’'s eves. Just
as wrap lends to shift the normal line of sight 86 out of a
collinear relationship with a horizonial component of the
optical centerline, mousting the lens with rake shifis fhe
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normal line of sight out of a collincar relationship with a
vertical component of the optical centerline. Prior art dual
tens eyewear wilh substantial rake generally alse display a
degree of prismatic distortion.

In accordance with the present invention, there is pro-
vided an improved oplical configuration and method for
minimizing prismatic distortion in a lens having rake andjor
wrap in the as-worn orientation. Though the present inven-
tion may be applied 1o a wide variety of lens shapes and
orieniations, the invention has particular utility for dual leas
eyewear using high base curvature and demonstrating a high
degree of wrap and/or ruke in the as-worn orientation.

Referring to FIGS. 2 and 5, the illustrated eyewear
incorporates canted lenses 12 and 14 or 102 and 104,
mounted in a position rotated laterally relative to conven-
tional centrally oriented dual lens mountings. A canted lens
may be conceived as having an orientation, relative to the
wearer's head, which would be achieved by starting with
conventional dual lens eyewear having centrally criented
lenses and bending the frame inwardly at the temples to
wrap around the side of the head.

As a consequence of the increased wrap, the wearer’s
aormal line of sight 27 no longer strikes the lens 14
perpendicularly, as illustrated in FIG. 4. Instead, the angle of
incidence 8° (FIG. 2) for the wearer’s line of sight 27 is
generally greater than 90°, and to achieve good wrap it may
be preater than about 95°, preferably is within the range of
From about 100° to aboud 135°, and in one 9.5 base embodi-
men! is aboul 101.75° Lower base lenses generally will
exhibil a larger angle 8 in the as-womn orientalfon, and the
angle @ in an embodiment having a base of 6.5 was about
113.4° In a base 4 embodiment having a pupillary distance
of 2.8 inches, the angle 8 was aboul 119.864°.

FIG. 5 illustrates the horizontal cross-section of an eye-
glass 100 in accordance with an embodiment of the present
invention, similar in style to that illustrated in FIG. 2, except
having lenses 102 and 104 of tighter curvature (higher base)
as well as possibly greater wrap. When the eyeglass 100 is
worn, a lateral edge 106 of the lens 104 wraps significantly
around and comes in close proximity to the wearer’s temple
lo provide significant lalersl eye protection as has been
discussed,

An anterior (front) surface 108 of the lens of the present
invention will generally conform to a portion of the surface
of a regular geomelric solid, such as a sphere 110, shown
here in horizontal cross-section. The front surfaces of spheri-
cal lenses 102 and 104 of the illustrated embodiment can,
therefore, be characterized by a radius. By convenlion in the
industry, the curvature may also be expressed in terms of a
base value, such that the radius (R) in millimeters of the
anterior surface of the lens is equal to 530 divided by the
base curve, or

)

The present invention provides the ability to construct
dual lens eyeglass systems having relatively high wrap using
lens blanks having a base curve of 6 or greater, preferably
between about 7% and 10%, more preferably between about
8 and 9¥%, and, in one embodiment beiween about $% and 9.
The radius of the circle coaforming to the anterior surface of
a base 8% lens, for example, is about 60.57 miilimesers. For
comparison, the radivs of the circle which characterizes the
anterior surface of a base 3 lens is about 176.66 millimeters.

The embodiment of the present invention itlustrated in
FIG. § may be cut from a base 8% lens blank having a
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thickness of about 0.0649 inches al the optical centerline and
about 0.053 inches at a reference point two inches along the
outer circumference of the lens from the optical centerline.
Alternatively, the lens can be moided directly into its final
shape and configuration.

FIG. § is a perspective view of a lens blank 122, a convex
outside surface 136 of which generally conforms to a portion
of the surface of a three-dimensional geometric shape 124,
1t will be understood by those of skili in this arl that lenses
in accordance with the present invention may conform to
any of a variety of geometric shapes.

Preferably, the cutside surface of the lens will conform to
a shape having a smooth, continuous surface having a
conslapt horizental radius (sphere or cylinder) or progres-
sive curve (ellipse, toraid or ovoid) or other aspheric shape
in either the horizontal or vertical planes. The geometric
shape 124 of the preferred embodiments herein described,
however, generally approximates a sphere.

The sphere 124 lustrated in FIGS. 6 and 7 is an imagi-
nary three-dimensional solid waled siructure, a portion of
the wall of which is suitable from which 10 cut a lens 120.
As is known in the art, precision lens cutting is often
accomplished by producing a lens blank 122 from which a
lens 120 is ultimately cut. However, it should be clear to
those of skill in the art from the illustrations of FIGS. 6 and
7, that the use of a separate lens blank is optional, and the
lens 120 may be molded directly into its final shape and
configuration if desired.

It can also be seen from FIGS. 6 and 7 that the lens 120
andfor the lens blank 122 can be positioned at any of a
variety of locations along the sphere 124. For the purpose of
the present invention, the optical centerline 132 operales as
a reference line for orientation of the lens 120 with respect
to the sphere 124. In the iHusirated embediment, wherein
both the outside surface and the inside surface conform to a
portion of a sphere, the optical centerline is defined as the
line 132 which joins the two centers C1 and C2. The
analogous reference line for the purpose of nonspherical lens
geomelry may be formed in a manner different than con-
acection of the two geometric cenlers of ke spheres, as will
be apparent to one of skill in the art.

The lens 120 js ultimately formed in such a manner that
it Tetains the geomelry of a portion of the wall of the sphere
as illustrated in FIG. 7. The location of the lens 120 on the
sphere 124 is selected such that when the lens 120 is oriented
in the eyeglass frame, the normal line of sight 130 of the
wearer through the Jens will be maintained generally in
parallel to the optical centerline 132 of the geometric
configuration from which the leas 120 was oblained. In the
itlustration of FIGS. 6 and 7, the fens 120 is a right lens
which has a significant degree of wrap, as well as some
degree of downward rake (indicated by the as-warn normal
line of sight crossing the sphere 124 below the optical
centerline 130). A lens having a different shape, or a lesser
degree of wrap may overlap the optical centerline 132 of the
imaginary sphere 124 from which the lens was formed.
However, whether the optical centerling of the imaginary
sphere 124 crosses througk the lens 120 or not is
urimportael, so loag as the line of sight 130 in the lens 120
is maintained generally in parallel in the as-worn orientation
with the optical centerline 132,

Similarly, if the lens is to have no rake or upward rake in
the as-worn crientation, the normal line of sight (and the
entire lens) would cross the sphere 124 ai or above the
central horizontal meridian which contains 1he optical cen-
terline. The spatial distance and position of the ullimate
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normal line of sight 130 relative to the oplical centertine 132
therefore indicates the degree of wrap (by horizontal
distance) and rake (by veriical distance). However, regard-
less of the distances involved, the lens will exhibit minimal
optical distortion #s long as the normal line of sight 130 is
offset from but maintained substantially parallel to the
optical centerline 132 preferably in both the horizontal and
vertical planes.

For purposes of the present invention, “substaniially
parallel” shall mean that the preselected line of sight 130
wher the lens 120 is oriented in the as-worn position
generally does not deviate within the horizontal or vertical
plane by more than abowt +15° from parallet 1o the optical
centerline 132. Preferably, the normal line of sight 130
should not deviate by more than about +10° from the optical
centerline 132, more preferably the normal line of sight 130
deviates by no more than about +5° and mosl preferably no
more than about #2° from parallel to the optical centerline
132. Optimally, the line of sight 130 is parallel to the optical
centerfine in the as-wora orientation,

Variations from parallel in the horizontal plaze generally
have a grealer negative impact on the oplics than varialions
from parallel in the vertical plane. Accordingly, the solid
angle between the line of sight 130 and optical centerkine
132 in the verlical plane may cxceed the ranges sel forth
above, for some eyewear, as Jong as the horizontal compo-
nent of the angle of deviation is within the above-mentioned
ranges of deviation from the parallel orientation. Preferabty,
the line of sight 130 deviates in the vertical plane no more
thao about +10° and, mose preferably, no more than about
x3° from the optical centerline in the as-worn orientation.

FIG. 7 is a cutaway view of the lens 129, lens blank 122,
and gecmelric shape 124 of FIG. 6. This view shows that the
preferred geometsic shape 124 is hollow wilh walls of
varying thickness, as revealed by a horizon{al cross-section
134 al the optical cenferline of the geometric shape 124.

The tapered walls of the preferred geometric shape 124
result from two horizontally offset spheres, represented by
their center points C1 and C2 and radii R1 and R2. An outer
surface 136 of the preferred lens blank 122 conforms 1o one
sphere {of radius RT) while ar inner surface 138 of the lens
blank 122 conforms to the other sphere {of radius R2). By
adjusting the parameters which describe the two spheres, the
nature of the taper of the lens blank 122 may also be
adjusted.

In particular, the parameters for the two spheres to which
the lens blank outer surfzce 136 and inner surface 138
conform is preferably chosen to produce minimal or zero
refractive power, or non-prescription lenses. Where CT
represents a chosen center thickness (maximum thickness of
the wall of the hollow geomeltric shape 124), n is an index
of refraction of the lens blank material, R1 is set by design
choice for the curvature of the outer surface 136, R2 may be
determined according o the following equation:

cr >
R2=R1—CT+? @

CT/n represents the separation of the spherical centers C1
and C2. For example, where a base 6 lens is desired as a
matter of design choice, the center thickness is chosen ta be
3 mm, and the index of refraction of the preferred material
(polycarbonate) is 1.586, R2 may be determined as follows:
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R = 3+ TS5 25 mm

For this example, the radius R1 of the outer surface 136 is
equal 1o 88.333 mm, the radius R2 of the inner surface 138
is equal to 87.225 mm, and the spherical centers C1 and C2
are separated by 1.892 mm. These paramelers describe the
curvature of the lens blank 122 of a preferred decentered
sphierical embodiment.

In the case of the preferred embodiment, the optical
centerline 132 is kat line which passes through both center
peints C1 and C2 of the offsel spheres. This happens te pass
through ihe thickest portion of the preferred geometrical
shape 124 walls at an optical center 140, though this may not
be true for alternative nonspherical embodiments. The opti-
cal center line 132 happens to pass through surface 136 of
the itlustrated lens blank 122, although this is not necessary.
The optical center 140 does not happen to lie on the fens 120,
although it may for farger lenses or lenses intended to exhibit
less wrap in the as-worn orieniation.

FIG. 8 illustrates a horizontal cross-section of a lens 120,
showing in phantom the geomelnic shape 124 o which the
outer surface 136 and inner surface 138 conform. The lens
blank 122 is omitled from this drawing,. In accordance with
the present invention, the optical centerline 132 associated
with the chosen orientation is aligned to be generally parallel
to but offset from the straight akead normal lne of sight 130
of the wearer as the lens 120 is to be mounted in an eyeglass
frame.

FIG. 8A illustrates a vertical cross-section of the lens 120,
also showing in phantom the geometric shape 124 to which
the oufer surface 136 and inner surface 138 conform. Unlike
the horizontal view of FIG. 8, the projection of the optical
centerline 132 onio a vertical plane (i.e., the vertical com-
ponent of the optical centerline 132) appears to pass through
the vertical profile of the preferred lens 120. In any case, the
vertical component of the optical centerline 132 associaled
with the chosen taper is also aligned {o be generally parallel
with the normal line of sight 130 of the wearer in the as-worn
orientation.

Thus, in additicn to providing optically correct lenses for
dual lens eyewear with a high degree of wrap, the present
invention may provide optically corrected lenses for eye-

5 wear characterized by a degree of rake. The terms “rake” and

“optically correet” are further defined below,

In general, “rake” will be understood to describe the
condition of a lens, in the as-worn orientaticn, for which ihe
normal line of sight 130 (sce FIG. 8A) sirikes a vertical
tangent to the lens 120 at a non-perpendicular angle. For
opiically corrected eyewear in accordance with the preferred
embodiment, however, the pormal line of sight to a raked
lens is generally parallel to and vertically offset from the
optical centerline. Therefore, the degree of rake in a cor-
recily oriented lens may be measured by the distance which
the normal line of sight is vertically displaced from the
optical centerline.

For & centrally oriented lens, as shows in FIG. 10B, the
wearer’s line of sight coincides with the optical centerline,
thus displaying no vertical displacement. While such a lens
may be optically corrected (as defined below) in the as-wom
orientation, the lens does not have rake, uniike the prefesred
embodiment of the present invention. F1G. 10C shows a lens
orentation which is downwardly tiltied or raked, but for
which the optical centerline and the normal line of sight are
highly divergent such that no “dispiacement™ could mean-
ingfully be measured. While such a lens may have down-
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ward rake in a conventional sense, advanlageously provid-
ing downward protection for the eye and conforming to the
wearer’s face, it is not optically corrected.

In conirast, the normal line of sight through a raked lens,
made in accordance with the preferred embodiment, is
characterized by a finite venical displacement from the
optical centerline, preferably a downward displacement for
downward rake. Where the optical centerline diverges from
the normal line of sight within the acceptable angular ranges
set forth above, this displacement should be measured at or
near the lens surface. The displacement may range from
about any non-zero displacement to about 8.0 inches. Lenses
of Tower base curvature may require a greater displacement
in order lo achieve good rake. The vertical displacement for
a lens of base 6 curvature, however, should be between about
0.1 inch and about 2.0 inches. Moze preferably, the vertical
displacement is between about 0.1 inch and about 1.0 inch,
particularly between about 0.25 inch and about (.75 inch,
and most preferably about 0.5 inch.

“Optically correct,” as that term has been used in the
present description, refers to a lens which demonstrates
relatively low distortion as measured by one or more of the
following values in the as-worn orientation: prismatic
distortion, refractive power and astigmatism. Raked lenses
in accordance with the preferred embodiment demonstrate at
least as low as % dioplers or 3¢ diopters and typically less
than aboul Y% dioplers prismatic distortion, preferably less
than about s diopters, and more preferably less than about
Y52 diopters. Refractive power and astigmatism for lenses in
accordance with the present invention are also preferably
low. Tach of refractive power and astigmatism are also at
least as low as % diopters or ¥4s diopters and preferably less
than about % diopters, more preferably less than about Vs
diopters and most preferably less than about Y52 diopters.

It will be understood by the skilled artisan that the
advantages in minimizing optical distortion apply to both the
horizontal and the vertical dimensions. Particular advantape
is derived by applying the principles taught herein to both
vertical and horizontal dimensions of the lens, enabling the
combination of lateral and lower peripkeral protection of the
eyes (through wrap and rake) with excellent optical quality
over the wearer’s full angular range of vision.

Furthermore, although the principal embodiments
described herein are of constant radius in both the horizental
and vertical cross-section, a variety of lens configurations in
both planes are possible in conjunction with the present
invention. Thus, for example, either ihe outer or the inner or
both surfaces of the lens of the present invention may
generally conform to a spherical shape as shown in FIGS. 6
and 7. Alternatively either the outer or the inmer or both
surfaces of the lens may conform to a right cireular cylinder,
a frusto-comical, an elliptic cylinder, an ellipsoid, an eflip-
soid of revolution, other asphere or any of a number of other
three dimensional shapes. Regardless of the particular ver-
tical or horizontal curvature of one surface, however, the
other surface should be chosen such as to minimize one or
more of power, prism and astigmatism of the lens in the
mounted and as-worn orientation.

FIGS. 9-12 will aid in describing a method of choosing
a location on the lens blank 122 from which to cut the right
lens 120, in accordance with a preferred embodiment of the
present invention. It will be understood thal a similar method
would be used (o construct the left lens for the dual lens
eyewear of the preferred embodiment.

As a first step, a desired gencral curvature of the lens inner
or ouler surface 138, 136 may be chosen. For the preferred
lens 120, 1his choice determines the base value of the lens
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blank 122. As noted elsewhere herein, a number of other
curvatures may be utilized in conjunction with the present
invention. A choice of lens thickness may also be prese-
lected. In particular, the minimum thickness may be selected
such that the lens will withstaad a preselected impact foree.

A desired lens shape may also be chosen. For example,
FIG. 12 illustrates an example of a front elevational shape
for the lens 120. The particular shape chosen is generally not
relevant to the oriented decentered lens optics disclosed
herein.

A desired as-worn orientation for the lens should also be
chosen, relative to the normal line of sight 130 of the wearer
126. As mentioned above, preferred orientations may pro-
vide significant lateral wrap for lateral protection and inter-
ception of peripheral light, and for aesthetic reasons, and
also some degree of downward rake. For example, the
embodiment illustrated in FIGS. 6-12 uses a canted lens 120
lo achieve wrap. Allernatively, wrap may be achieved
lhrough use of a higher base lens and a more conventional
(non-canted) orienfation. FIGS. 9 and 10 illustrate more
plainly how the orientations may be related to the line of
sight 130 of the wearer.

The eyewear designer may also choose a degree of rake,
or vertica] 1ilt, as will be understood from FIGS. 10A-10C,
schematically iliustrating various verlical as-worn orienta-
tions of a lens, relative 1o the head of the wearer 126. FIG.
10A illustrates the preferred oriemtation of the lems 120
relative 1o the head of the wearer 126, and relative in
particular to the straight ahead normal line of sight 130. A
downward rake, as illustrated in FIG. 10A, is desirable for
a variety of reasoms, including improved conformity lo
common head anatomy. As will be apparent to those of skill
in the art e view of the disclosure herein, a lens 120 having
a mechanical center point which falls below the horizontal
plane intersecting the optical centerline 132 (see FIG. 7) will
permit the lens to be oriented with a downward rake as
illustrated in FIG. 10 and yet preserve a generallv parallel
relationship between the optical centerline and the straight
ahead line of sight. Since the orientation of the lens 120 to
the optical centeriine 132 in the imaginary sphere should be
the same as the orientation between the lens 120 and a
parallel to the normai line of sight 130 in the as-wom
orientation any fens cut from this sphere below the optical
centerline 132 can be mounted with a corresponding degree
of dewnward rake and achieve the optical correction of the
present invention.

Accordiagly, the desired degree of rake may be chosen by
specifying a vertical component of the displacement
between the nommal line of sight 130 and the optical cen-
terline 132, as ilustrated in FIG. 10A. Either way, the
greater the displacement, the greater the downward rake, In
general, the vertical displacement in accordance with the
present invention will be greater than zero. Generaily it will
be from about 0.1 inches {o about 2 inches depending upon
base curvature. Preferably, vertical displacement will be
from about 0.1 inches to about one inch, or about 0.2 inches
or greater. More preferably, it will be from about 0.25 inches
to about 0.75 inches and in one embodiment it was about 0.5
inches.

Aliernatively, a general profile may be chosen which fixes
an orientation of the normal line of sight relative to the
curvature of the lens (not accounting for the thickaess of the
lens). For instance, both FIG. 10A provides reference points
of a top edge 152 and a bollom edge 154 relative lo the
pormal line of sight 130. This refationship may ther be
utilized to determine the position on a lens blank from which
to cui the lens, as will be clear from the discussion of FIG.
11A below.,
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Referring now 1o FIG. 11, a mapping of the horjzonlal
orientation of the lens 120 onto the lens blank 122 is
illustrated. The pormal line of sight 130, with respect o
which the chosen orientalior is measured, is mainiained
substantially parallel to and offset from the optical centerline
132, The horizontal component of the displacement will
generally be within the range of from about 0.1 inches to
about 8 inchies for lower base curvatures.

Once the aesthetic design and desired rake and wrap
orientation such as that illustrated in FIG. 11 has been
determined (such as by the chosen frame 150), and the lens
blank 122 formed having a suitable base curvature for fitting
within the aesthetic design, the aesthetic design may be
“projected” graphically or mathematically onto the surface
of the theoretical sphere or blank to reveal that portios of the
sphere which is suitable for use as the lens 120, The
projection of the lens shape onto 1he sphere should be moved
about the surface of the sphere until it is positioned such that
the lens cut from the sphere at that location will exhibit the
appropriate wrap and rake for the aesibetic design without
any rotation of the lens 120 out of its orientation in which the
optical centerline of the sphere is generally parallel 10 the
desired normal line of sight in the as-worn orientation.

A similar simullancous projection may be performed for
the verlical orieptation chosen, as depicted in FIG. T1A.
FIG. 11A schematicaily represents the projection from the
chosen frame 150 to a position on the lens blark 122. The
frame 1350 (or a conceptual configuration such as provided
by FIG. 104) provides reference points in the form of ihe
lens top edge 152 and bottom edge 154 in relation o the line
of sight 130. The projection may then be shifted up or down
until the top edge 152 and the bottom edge 154 are both
simultaneously aligned with corresponding points on the
outer surface 136 of the lens blank, while maintaining the
line of sight 130 substantially paraliel with the optical
cenierline 132.

Projection of both the horizontal profile and the vertical
profile may be performed simultaneously, locating a unique
position on the lens blank 122 corresponding to the desired
lhree-dimensional shape of the lens (including the [ronl
elevational shape shown in FIG, 12) at which the line of
sight 130 is parallel to the optical centerline 132 or other
reference line of the lens blask 122, Of course, it will be
understood that the lines 130 and 132 may be substartially
parallel, that is, within the acceptable range of angular
deviation set forth above.

This shape may then be cut from the blank 122 or molded
directly in the final lens configuration. The resultant lens 120
not only conforms to the desired shape, but also minimizes
prismalic distortion when in the as-worn orientation.

FIG. 12 illustrates a lens blank 122, concave towards the
page such as that shown conforming to a portion of the
surface of the sphere in FIGS. 6 and 7. In FIG. 12, the lens
blank 122 has been formed on the theoretical sphere such
that the mechanical center of the blank is illustrated in the
center of the drawing on the central horizonial meridian. The
illustrated lens profile 12€ has a medial edge 148, a lateral
edge 144, an upper edge 152 and a lower edge 154, The
medial edge 148 of the right lens 120 lies close to the optical
center of the lens blank 122,

Atf least a portion of the right lens 120 lies in the lower
left-hand (third} quadrant of the lens blank 122, Preferably,
in an embodiment of the invention exhibiting both wrap and
downward rake, at [east about half of the lens area will fall
within the third quadrant of the lens blank 122. Preferably atl
or substantiaily afl of the area of the lens 120 will lie below
and fo the left of the optical center as ilustrated. Lenses
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exhibiting a similar degree of rake bui lesser wrap may be
positioned on the lens blank 122 such that as mueh as 50%
or more of the lens area is within the lower right {second)
quadrant of the lens blank 122.

FIG. 12A iliustrates the position on the same lens blank
122 from which a left lens 1201 could be cut. The left fens
1201 has a medial edge 1481, a lateral edge 1441, an upper
edge 152L and a lower edge 1541.. The left lens 1201 is
drawn in phantom because both the right leas 120 and the
lefl tens 120L for the illustrated profile cannot be cut from
the same lens blank 122. Rather, the itlustrated left lens 1200
would be cut from the position shows on a second lens blank
which is tdentical to the first lens blank 122.

As the lefl lens 1201 should be symmetrically oppesite 1o
the right lens 120, the left lens 120L is a mirror image of the
right leas 120. For example, the image of the right lens 120
may be flipped across a vertical plane through which the
optical centerline 130 and poles of the sphere 124 pass. The
fens blank upon which that image would be projected may
be identical to the illustrated lens blank 122, but rotated 180°
about the mechanical center.

Allernatively, the left leas 120L position may also be
considered the mirror image of the right lens 120 across an
axis of vertical symmefry. As illustrated in FIG. 12B, the left
tens 120L is upsidedown relative to the right lens 120, For
the preferred lens blank 122, the axis of vertical symmetry
is a central horizontal meridian 170 which divides the lens
Blank 122 into upper and lower halves, each of which
conform to upper and lower hemispheres of the sphere 124
(FIGS. 6 and 7). Thus, the horizontal position (i.e., distance
from the medial or lateral edge of the lens blank 122) for
each of the medial edge 1481, Jateral edge 1441, upper edge
1521 and lower edge 1541, is the same for corresponding
points of the right lens 124 Corresponding poinis on the lefi
and right lenses are also the same vertical disiance from the
horizontal meridian 170, but in the opposite directions. For
example, the upper edge 1521 of the ieft lens 120L is about
the same distance above the horizontal meridian 170 as the
upper edge 152 of the right lens 120 is below the horizontal
meridian 170.

Thus, the left lens 120L of any raked dual lens embaodi-
ment is cut substantially from the upper half of preferred
lens blank 122, while the right lens 120 is cut substantially
from the lower half of an identical lens blank. Preferably,
where a dual lens embodiment displays both wrap and rake,
the left Iens 1201 is cut substantially from the upper left
(fourth) quadrant of the preferred lens blank 122, while the
right lens is cut substantially from the third quadrant.
“Substantially,” as used in this context, refers to more than
50% of the surface area of the lens 120 or 120L falling
within the relevant half or quadrant of the preferred lens
blank 122.

Of course, (his description is limited to a lens blank 122,
which is described by an optical centerling passing through
the central borizontal meridian 170 (ie., (he lens blank 122
laper is vertically symmetrical) but not 1hrough the mechani-
cal center (i.e., the lens blank 122 faper is horizontafly
asymmetricat). It will be understood thai allernative lens
blanks may utilize alternative tapering. The skilled artisan
may adjust the positions from which to cut the right and leit
lenses such that the nermal line of sight in the as-wormn
orientation is maintained substantially parailel 1o the optical
cemterline, regardless of the tapering symmetry.

The present invention thus provides a precise method of

5 furnishing the correct correspondence between taper and the

varying angle of incidence from the wearer’s eye 1o the
surface of a lens. By recognizing a novel relationship among
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lhe wearer’s line of sight and the form of taper, the present
invention allows use of any of a variety of lens designs while
minimizing astigmatism, power and prismalic distoriion.
For example, a designer may choose a desirable orientation
and curvature for the lens, relative to a wearer’s line of sight.
The orientation and curvature may be chosen from a wide
range of rake, wrap, base value and proximity to a wearer's
face, The form of taper and location of the [ens profile on the
theoretical sphere or other shape may then be choser, by the
methed of the present invention, such that the prismatic
distortion in the as-worn orientation is minimized.

Although the foregoing invention has been described in
terms of certain preferred embodiments, other embodiments
will become apparent to those of ordinary skill in the art in
view of the disclosure herein. Accordingly, the present
invention is nol intended (o be limiled by the recitation of
preferred embodiments, but is intended 10 be defined solely
by reference to the appended claims.

What is claimed:

1. A dual lens eyeglass which is optically corrected in an
as-worn arientation, comprising:

an eyeglass frame for suspendieg dual lenses in the
as-worn orientation with respect 1o each of a wearer’s
right and lefll normal line of sight;

a left spherical, non-glass eycglass lens attached to the
frame to intercept the wearer’s normal line of sight
through the wearer’s left eye in the as-worn orientation,
said left lens being vertically and horizontally tapered;

a right spherical, non-glass eyeglass lens attached to the
frame to intercept the wearer’s normal line of sight
through the wearer’s righ{ eye in the as-worn
oricitation, said right lens beirg vertically and hori-
zontally tapered;

wherein cach of said lesses exhibits both wrap and rake
int the as-worn orientation; and

said right and left lenses having right and left non-
coincident optical centerlines, respectively, said right
and [eft optical centerlines displaced vertically at the
front leas surface from the normal line of sight in the
s worn orientation by a distance within the range of
from about 0.25 10 about 0.75 inches corresponding o
the rake to correct prism otherwise induced by said
rake; wherein
each of said lenses is oriented relative to the wearer's

normal line of sight 1o exhibit no more than about ¥
diopters prismatic distortion and no more than about
Y4 diopters refractive power in the as-worn orienta-
tion.

2. An eyeglass according 1o claim 1, wherein each of said
lenses is orienfed o exhibit o more than about ¥is diopters
prismatic distortion and no more than about Yis diopters
refractive power In the as-worn orientation.

3. An eyeglass accordisg fo claim 1, wherein said dis-
placement is about (.5 inch in the as-worn osieatation.

4. An eyeglass according to claim 1, wherein each of said
lenses has a base of at least about 6.

5. An eyeglass according to claim 4, wherein eack of said
lenses has a base of af least about 7%,

6. An eyeglass according to claim 1, wherein each of said
lenses is oriented such thal the wearer’s corresponding
normal line of sight has an angle of incidence to the Iens
surface of greater than about 95°.

7. An eyeglass according to claim 6, wherein said angle of
incidence is between about 100° and 135°.

8. A dual fens eyeglass which is optically corrected to
minimize prismatic error induced by mounting the lenses
with downward rake in an as-worn orientation, comprising:
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an eyeglass frame for suspending lenses in the as-worm
orientation; and

a lefi non-glass lens attached to the frame to intercept a
wearer’s norroal line of sight {vom 2 left eve in the
as-worn orientation, the left lens having a left spherical
anterior surface and a lefi spherical posterior surface,
the left spherical anterior and posterior surfaces having
centers of curvature joined by a left optical centerline;
and

a right non-glass lens aitached to the frame to intercept the
weares’s normal lice of sight from a right eve in the
as-worn orientation, the right lens having a right spheni-
cal anterior surface and a right spherical posterior
surface, the right spherical anterior and posterior sur-
faces having centers of curvalure joined by a right
optical centerline, the right optical centerline non-
coincident with the left optical centerline, the right
optical centerline non-coincident with the left optical
centerline;

wherein each of said right and left leases is vertically and
horizontally tapered with taper orientations related to
the right and lef: optical centerlines, respectively,

cach of said lenses exhibits both a degree of wrap and a
degree of rake in the as-worn orientation, said degree of
rake defined by a vertical displacement correspording
to said degree of rake between the normal line of sight
from each eye and the corresponding optical centerline;
and

each of said left and right lenses is oriented to exhibit no
more than about %6 diopters prismatic distortion and
1o more than about #1s dioplers refractive power in the
as-worn orientation.

9. A dual lens eyeglass for inlercepling a wearer’s normal
line of sight from each of two eyes in an as-worn orientation,
comprising:

a frame;

a first 1apered lfens hang a first optical centerline, said first
lens mounted to said frame for intercepting the wear-
er’s first normal line of sight in the as-worn orientation;
and

a second tapered lens having a second oplical centerline,
the second optical centerline non-coincident with the
first opiical centerline, said second lens mounted lo said
frame for irtercepting the wearer’s second normal line
of sight in the as-worn crientation;

wherein each of said lenses exhibit a degree of rake in the
as-worn orienfation, said rake charactenzed by a ver-
tical displacement of the corresponding optical center-
line from the wearer’s corresponding normal line of
sight of between about 0.25 inch and about 0.75 inch;

each of said lenses exhibit a degree of wrap in the as-womn
oricntation, said wrap characterized by an aagle of
incidence between a lens surface and the wearer's
corresponding normal line of sight of at least about 95°%;
and

each of said lenses is oriented to exhibit no more than
about s diopters prismatic distortion in the as-worm
orientation.

18 An eyeglass according Lo claim 9, wherein each of said
lenses is ortented to exhibit no more than about ¥1s dioplers
refractive power in the as-wom orientation.

11. An eveglass according to claim 9, wherein said angle
of incidence is between about 100° and 135° in the as-worn
orienlation.
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(57) ABSTRACT

Disclosed is an optically corrected lens for nonprescription,
dual lens eyeglasses. In a preferred embodinient, the anterior
surfaee of the lens lies on a portion of a first sphere having
a first center. The posterior surface of the lens lies on the
surface of a second sphere having a second center. The first
and second centers are offset from one another to provide a
tapered lens, The lens is oriented on the head of the wearer
by a frame that maintains the lens in a position such that a
line drawn through the first and second centers is maintained
substantially in paraliel to the normal sight line of the
wearer. Methods of making the lenses, and eyewear incor-
porating the lenses, are also disclosed.
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DECENTERED NONCORRECTIVE LENS
FOR EYEWEAR

This is a continuation of U.S. patent application Ser. No.
08/706,564, filed Sep. 5, 1996, now 1.8, Pat. No. 5,689,323,
which is a continuation of U.S. patent application Ser. No.
08/567,434, filed Dec. 5, 1995 now U.S. Pat. No. 5,648,832.

The present invention relates generally to lenses used in
eyewear, and more particularly 1o a decentered, noncorrec-
tive lens to reduce optical distortion.

BACKGROUND OF THE INVENTION

A wide variety of improvements have been made in recent
vears in the eyewecar field, particularly with respect 1o
eyewear intended for use in active sports or as fashion
sunglasses. These improvements have been incorporated
into eyewear having a unitary lens, such as the “Blades®”
design {Oakley, Inc.) the “M Frame®" line {Oakley, Inc.),
and the “Zero®” line also produced by Oakley, Inc. These
eyewear designs accomplish a variety of functional
advantages, such as maximizing interception of peripheral
light, reducing optical distortion and increasing the wearer's
comfort ievel, compared to previgus active sport eyewear,

The unitary lens of the “Blades®" eyewear incorporates
the cylindrical geometry disclosed, for example, in U.S. Pat.
No. 4,859,048, issued to Jannard. This geometry allows the
lens to closely conform to the wearer's face and intercept
light, wind, dust, ctc. from directly in front of the wearer
{anterior direction) and peripherally (lateral direction). See
also U.S. Pat. No. 4,867,550 to Jannard (toroidal lens
geometry).

Although the early unitary lens systems provided a fuil
side-to-side range of vision and good lateral eye protection,
the potential for optical distortion still exists. In a wnitary
lens system, for example, the angle of incidence from the
wearer's eye to the posterior lens surface changes as the
wearer’s sight line turns in the lateral direction. This results
in disparate refraction between light entering closer to the
front of the lens and peripheral light entering at the Jateral
ends. To address this source of prismatic distoztion, U.S. Pat.
No. 4,859,048 discloses tapering the thickness the lens from
the medial portion toward the latera] edge.

Prior art eyewear has also employed dual lens systems in
which two separate lenses are mounted along a front frame.
In the early dual lens eyeglass systems, each of the right and
left lenses were roughly co-planar in the as-worn configu-
ration. Thus, the sight line of the wearer, when looking
straight ahead, generally crossed the posterior surface of the
lens at a normal to the lens surface in the optical zone, One
of the disadvantages of this lens configuration was that the
eyeglasses provided essentially no lateral eye protection
without the use of special modifications, such as vertically
elongated earstems or side attachments.

Dual lens systems were thereafter developed in which the
lateral edge of each lens curved rearwardly from the frontal
plane, and around the side of the wearer's head to provide
2 lateral wrap similar to that achieved by the high wrap
unitary lens systems. Although the dual lens eyeglasses with
significant wrap provided lateral eye protection, the lens
curvature generafly introduced measurable prismatic distor-
tion through the wearer’s angular range of vision. This was
particularly pronounced in lenses comprising low index of
refraction materials, In addition, although high base curva-
mres {e.g. base 6 or higher) are sometimes desirable to
optimize wrap while maintaining a low profile, such lenses
have not been practical in the past due to the relatively high
level of prismatic distortion.
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Thus, there remains a need for a high base nonprescription
lens for use in dual lens eyewear which can intercepr light
over essentially the full angular range of vision while at the
same time minimize optical distortion throughout that range.

SUMMARY OF THE INVENTION

There is provided in accordance with one aspect of the
present invention, an eyeglass lens for use in noncorrective
dual tens eyewear. The eyeglass lens is utilized in combi-
nation with a frame to support the lens in the path of the
wearer's normal line of sight,

The lens comprises a lens body, having a front surface, a
rear surface, and a thickness thereberween.

The front surface of the lens conforms to a portion of the
surface of a solid geomewric shape. Preferably, the fromt
surface of the lens conforms substantially to a portion of the
surface of a first sphere having a first center. The rear surface
of the lens conforms substantiaily to a portion of the surface
of a solid geometric shape, which may be the same or
different than that conforming to the front surface,
Preferably, the rear swface conforms substantially to a
portion of the surface of a second sphere having a second
center.

The first and second centers are offset from one another to
taper the lens thickness. The lens is mounted in the frame
such that a line drawn through the first and second centers
is maintained substantially parallel with the wearer’s niormal
line of sight.

The lens may be cut from a lens blank, or formed directly
into its final configuration such as by injection molding or
other techniques known in the art. Preferably, the lens is
oriented on the hiead of a wearer by the eyeglass frame such
that the normal sight line of the wearer crosses the anterior

3 surface of the lens at an angle of greater than about 95°, and

preferably within the range of from about 100° to about
120°, while maintaining the optical centerline of the lens in
a substantially paraflel relationship with the normal sight
line of the wearer. The optical centerline of the lens may or
may not pass through the lens,

Methods of making the lens of the present invention are
also disclosed.

Further features and advantages of the present invention
will become apparent from the detailed description of pre-
ferred embodiments which follows, when considered
together with the attached claims and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of eyewear incorporating
taper comrected lenses made in accordance with an embodi-
meni of the present invention.

FIG. 2 is a cross-sectional view taken along the lines 2—2
of FIG. 1.

FIG. 3 is a schematic horizontal cross-sectional view of a
prior art untapered lens for a dual lens eyewear system.

FIG. 4 is a schematic horizontal cross-sectional view of a
tapered lens for a dual lens eyewear systenn.

FIG. 5 is a cross-sectional view like that in FIG. 2,
showing taper corrected lenses having a greater base
curvature, in accordance with another embodiment of the
present invention.

FIG. 6 is a perspective view of a lens blank conforming
to a portion of the surface of a sphere, showing a lens profile
o be cut from the blank in accordance with a preferred
embodiment of the present invention.
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FIG. 7 is a perspective cutaway view of the hallow,
tapered wall spherical shape, lens blank, and lens of FIG. 6.

FIG. 8 is a horizemal cross-sectional view of a lens
constructed in accordance with « preferred embodiment of
the present invention.

FIG. % is a top plan view of the lens of FIG. 8 showing a
high wrap in relation to a wearer.

FIG. 10 i5 a right side elevational cross-section of the lens
and wearer of FIG. 9, showing lens rake.

FIG. 11 schematically illusirates the projeciion of the lens
profile from a desired orientation within an eyewear frame
to the lens blank in accordance with a preferred embodiment
of the present invention.

FIG. 12 js a front elevational view of the lens and lens
blank of FIG. 6, rotated to project the mechanical centerline
of the blank normal to the page.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Although the preferred embodiments will be discussed
below in terms of lenses having “spherical” front and rear
surfaces (surfaces which conform substantially to a portion
of the surface of a sphere), it wiil be understood by those
having ordinary skill in the art that the invention may also
be applicable to lenses having different surface geometies.
Additionally, it will be understood that the present invention
has application to lenses of many front elevational shapes
and orientations in the as worn position beyond those
illustrated herein.

Referring to FIGS. 1 and 2, there is illustrated an eyeglass
10, such as a sunglass having first and second lenses 12, 14
constructed in accordance with an embodiment of the
present invention. Although the invention is illustrated in the
context of an eyeglass design marketed by Oakley under the
Eye Jackets™ name, the present invention relates solely to
the lens curvature, taper, and otientation on the head of the
wearer. Therefore the particular lens shape revealed in FIG.
1 is not critical to the invention. Rather, lenses of many other
shapes and configurations may be constructed which incor-
porate the present invention as will become apparent based
upon the disclosure herein,

Similarly, the particular mounting frame 16 shown is not
essential to the present invention. The frame 16 may bound
only the bottom edge(s) of the lenses 12, 14, only the top
edges, or the entire lenses as illustrated. Alternatively, the
frame 16 can bound any other portions of the lenses as will
be evident to those of skill in the art, Frameless eyeglasses
can aiso be constructed in accordance with the present
invention, as long as the lens orientation on the head of the
wearer is substartially maintained in a predetermined refa-
tionship to the norma sight line as will be discussed below.
Preferably, though, the lenses 12, 14 are each mounted in an
annular orbital as shown.

A pair of eazstems 20, 22 pivotally attach to the frame 16.
Alternatively, the earstems 20, 22 may attach directly to the
lenses 12, 14, The frame may comprise of any of a variety
of metals, composites or relatively rigid, molded thermo-
plastic materials which are well known in the art, and may
be tansparent or any of a variety of colors. Injection
molding, machining and other construction technigues are
weil known in the art,

Lenses in accordance with the present invention can be
manufactured by any of a variety of processes well known
in the at.

Typically, high optical quality lenses are cut fiom a
preformed injection molded lens blank. Since the right and
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left lenses are preferably mirror bnages of each other, only
the right lems will generally be discussed below,
Alternatively, the lens can be molded directly into its final
shape and size, to eliminate the need for post molding
cutting steps.

Preferably, the lens, or the [ens blank from which it is cut,
is injection molded and comprises a relatively rigid and
optically acceptable material, such as polycarbonate. Other
polymeric lens materials can also be used, such as CR-39
and a variety of high index plastics which are kmown in the
art. The decentered taper cormection of the present invention
may also be applicable to glass lenses, although the need for
correction in the present contexr is generally more pro-
nounced in nonglass materials.

If the lens is to be cut from a lens blank, the taper and
curvature of a carefully preselected portion of the molded
lens blank is transferred to the lens in accordance with a
preferred manufacturing process described below,
Preferably, the frame is provided with a slot or other
attachment stucture that cooperates with the molded cur-
vature of the lens to minimize deviation from, and even
improve retention of the as-molded curvature.

Alternatively, the lens or lens blank can be stamped or cut
from generally planar tapered sheet stock and then bent into
the curved configuration in accordance with the present
invention. This curved configuration can then be maintained
by the use of a relatively rigid, curved frame, or by heating
the curved sheet to retain its curved configuration, as is well
known in the thermoforming art.

Most preferably, the curvature of both surfaces of the lens
are created in the lens blank molding and polishing
processes, and the lens shape is euf from the blank in
accordance with the invention as described Lelow.

Refemring to FIG. 2, the lens 14 of the present invention
is characterized in a horizontal plane by a generally arcuate
shape, extending from a medial edge 24 throughout at least
a portion and preferably substantially ail of the wearer's
range of vision to a lateral edge 26. The arc length of the lens
from the medial edge 24 to the lateral edge 26 in a dual lens
system will generally be within the range of from about 114
inches to about 34 inches, and preferably within the range
of from about 2 inches to about 3 inches. In one preferred
embodiment, the arc length of the lens is about 2% inches.

Although the outer surfaces of the lenses 12, 14 appear to
be illustrated as lying on a common circle 31, the right and
left lenses will generally be canted such that the medial edge
of each lens will fall outside of the circle 31 and the lateral
edges will fall inside of the circle 31. Such canting of the
lens increases the angle 6 (FIG. 2) and increases the desir-
ability of the optical correction achieved by the present
invention.

When worn, the lens 14 should at least extend across the
wearer's normal line of sight 27, and preferably substan-
tially across the wearer's peripheral zones of vision. As used
herein, the wearer’s normal line of sight shafl refer to a line
projecting straight ahead of the wearer's eye, with substan-
tially no angular deviation in either the vertical or horizontal
planes as iHlustrated by line 130 in FIGS. 9 and 10.

The lens ¥4 is provided with an anterior surface 28, a
posterior surface 3@, and a varying thickness therebetween.
The thickness of the lens 14 in the region of the medial edge
24 for a polycarbonate lens is generally within the range of
from about | mm to abour 2.5 mm, and preferably in the
range of from about 1.5 mm to about 1.8 mim. In a preferred
embodiment, the thickest portion of the lens 14 is at or about
the optical centerline, and is about 1.65 mur,
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Preferably, the thickness of the lens 14 tapers smoothly,
though not necessarily linearly, from the maximum thick-
ness proximate the medial edge 24 1o a relatively lesser
thickness at the lateral edge 26. The thickness of the Jens
near the lateral edge 26 is generally within the range of from
about 0.633 mm to about 1.52 mm, and, preferably, within
the range of from abeut 0,762 mm to abowut 1.27 mm. In one
preferred polycarbonate embodiment, the lens has a mini-
mum thickness in the lateral zone of about 1.15 mm. The
minimum thickness at lateral edge 26 is generally governed
by the desired impact resistance of te lens.

FIG. 3 schematically illustrates refraction in a prior art
lens 41 with circular inside and outside surface horizontal
cross-sections, having a uniform thickness 44. With such a
lens 41, the angle of incidence of rays from the lens 41 to the
eye 46 changes throughout the angular range of vision, For
example, a ray which shall be referred to for descriptive
purposes as a medial light ray 50 strikes the lens 41 at an
angle ¢ to the normal at the point of incidence. As is well
known in this art, bending of light at transmitting swrfaces
depends in part upon the angle of incidence of light rays. The
ray 50 is refracted or bent in opposite directions at each of
an outer surface 52 and an inner surface 54 of the lens 41,
resulting in a transmitted ray 56 parallel to the incident ray
50. The transmitted ray 50 is laterally displaced, relative to
the path of the incident ray 50, by a distance 58. This
displacement represents a first order source of optical dis-
tortion.

Furthermore, refractory displacement is even more pro-

nounced at a lateral end 60 due to a greater angle of -

incidence f. A peripheral incident ray 62 experiences greater
displacement 64 than the medial incident ray 50, in accor-
dance with Snell’s Law, as will be understoed by those of
ordinary skill in the optical arts. The discrepancy between
the peripheral ray displacement 64 and the medial ray
displacement 58 results in a second order of optical distor-
tion. This second order of distortion may cause substantial
warping of an image seen through relatively lateral portions
of the lens 41,

FIG. 4 schematically illustrates a lens 71 of tapered
thickness, to compensate for the greater angle of incidence
at the lateral ends 60 of the lens 41 (FIG, 3), as disclosed in
the context of unitary lens systems in U.S. Pat. No. 4,859,
048, issued to Jannard. Tapering produces a smaller lens
thickness 74 at & lateral end 76, relative to a lens thickness
78 at a more medial point 80. This smaller thickness 74
reduces an amount of peripheral ray displacement 82, rela-
tive to the peripheral ray displacement 64 through the
untapered lens 41 of FIG. 4. In other words, lesser lens
thickness 74 near the lateral end 76 of the tapered lens 71
compensates to some extent for a greater angle of incidence
{3, relative o the thickness 78 and angle of incidence ¢!, at
the more medial point 80.

The resulting difference between peripheral ray displace-
ment 82 and medial ray displacerent 84 on the same lens 71
is not as great as the corresponding difference in FIG. 3,
reducing the second order optical distortion. Note that the
degree of comrection of the second order distortion depends
upon a relationship between the manner and degree of
tapering from the apex 85 to each lateral end 76 and the
manner in which the angle of incidence changes over the
same range.

The lens 71 of FIG. 4 is illustrated as though it were
mounted within a frame (not shown) such that the wearer's
normal line of sight 86 passes perpendicularly through the
lens 71 at the lens apex or mechanical center 85, In other
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words, the angle of incidence to the lens normal is zero for
the wearer's normal line of sight. The outer and inner
surfaces of lenis 71 in the cross-sectional illustration conform
1o offset, equal-radius circles represented by centerpoints 87
and 88, respectively. A line drawn through centerpoints 87
and 88, referred to herein as the optical centerline of the lens,
is collinear with the normal line of sight in the as-worn
orientation. This conventional configuration shall be defined
as a centrally oriented lens, for ease of description. Circum-
ferentially clockwise or counterclockwise of the normal line
of sight 86, the angle of incidence to the lens normal
increases in a regular fashion from zero at the lens apex 85,
Ahigh degree of wrap may be desirable for aesthetic styling
reasons, for kateral profection of the eyes from flying debris,
or for interception of periphezal light. Wrap may be attained
by utilizing lenses of tight horizontal curvature (high base),
such as small-radius spherical lenses, or by mounting each
lens in a position which is canted laterally and rearwardly
relative to centrally oriented dual lenses. Such canting shifts
the normal line of sight 86 out of a collinear relationship
with the optical centerline, and changes the optics of the
lens. As a result, prior art dual lens eyewear with substantial
“wrap” around the sides of a wearer's face has generally
been accompanied by some degree of prismatic distortion.

In accordance with the present invention, there is pro-
vided an improved optical configuration and method for
minimizing prismatic distortion. Thongh the present inven-
tion may be applied to a wide variety of lens shapes and
orientations the invention has particular utility for dual lens
eyewear using high base corvature and demonstrating a high
degree of wrap in the as-wom orientation.

Referring to FIGS. 2 and 3, the illustrated eyewear
incorporates canted lenses 12 and 14 or 102 and 104,
mounted in a position rotated laterally relative to conven-
tional centrally oriented dual lens mountings. A canted lens
may be conceived as having an orientation, relative to the
wearet's head, which would be achieved by starting with
conventional dual lens eyewear having centrally oriented
lenses and bending the frame inwardly at the temples to
wrap around the side of the head.

As a consequence of the increased wrap, the wearer's
normal line of sight 27 no longer sirikes the lens 14
perpendicularly, as illustrated in FIG. 4, Instead, the angle of
incidence 0 (FIG. 2) for the wearer’s line of sight 27 is
generally greater than 90°, and to achieve good wrap it may
be greater than about 95°, preferably is within the range of
from about 100° to about 135°, and in one 9.5 base embodi-
ment is about 101.75°. Lower base lenses generally will
exhibit a larger angle 9 in the as worn orientation, and the
angle © in an embodiment having a base of 6.5 was about
[13.4°. In a base 4 embodiment having a pupiliary distance
of 2.8 inches, the angle 8 was about 119.864°,

FIG. 5 illustrates the horizontal cross-section of an eye-
glass 100 in accordance with an embodiment of the present
invention, similar in style to that illustrated in FIG. 2, except
having lenses 102 and 104 of tighter curvature (higher base)
as well as possibly greater wrap. When the eyeglass 100 is
worn, a lateral edge 106 of the lens 104 wraps significantly
around and comes in close proximity to the wearer’s temple
to provide significant lateral eye protection as has been
discussed,

An anterior (front) surface 108 of the lens of the present
invention will generally conform to a portion of the surface

3 of a regutar geometric solid, such as a sphere 110, shown

here in horizontal cross-section. The front swifaces of spheri-
cal lenses 102 and 104 of the illusirated embodiment can,
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therefore, be characterized by a radius. By convention in the
industry, the curvature may also be expressed in terms of a
base value, such that the radijus (R) in millimeters of the
anterior swrface of the lens is equal to 530 divided by the
base curve, or

)]

The present invention provides the ability to construct
dual lens eyeglass systems having relatively high wrap using
lens blanks having a base curve of 6 or greater, preferably
between about 7% and 10%, moze preferably between about
8§ and 9%, and, in one embodiment between about 8% and 9,
The radius of the circle conforming to the anterior surface of
a base 8% lens, for example, is about 60.57 millimeters. For
comparison, the radius of the circle which characterizes the
anterior surface of a base 3 lens is about 176.66 millimeters,

The embodiment of the present invention illustrated in .

FIG. 5 may be cut from a base 8% lens blank having a
thickness of about 0.0649 inches at the optical centerline and
about 0.053 inches at reference a point two inches along the
outer circumference of the lens from the opiical centerline.
Alternatively, the lens can be molded directly into its final
shape and configuration.

FIG. 6 is a perspective view of a lens blank 122, 2 convex
outside surface 136 of which generally conforms to a portion
of the surface of a three-dimensional geometric shape 124,

It will be understood by those of skill in this art that lenses

in accordance with the present invention may conform to
any of a variety of geometric shapes.

Preferably, the outside surface of the lens will conform to
a shape having a smooth, continuous surface having a

constant horizontal radius (sphere or cylinder) or progres- :

sive curve (ellipse, toroid or ovoid) in either the horizontal
or vertical planes. The geometric shape 124 of the preferred
embodiments herein described, however, generally approxi-
mates a sphere.

The sphere 124 illustrated in FIGS. 6 and 7 is an imagi-
nary three-dimensional solid, a portion of the wall of which
is suitable from which to cut a lens 120, As is known in the
art, precision lens cutting is often accomplished by produc-
mg a lens blank 122 from which a lens 120 is ultimately cut.
However, it should be clear to those of skill in the art from
the illustrations of FIGS. 6 and 7, that the use of a separate
lens blank is optional, and the lens 120 may be molded
directly into its final shape and configuration if desired.

It can also be seen from FIGS. 6 and 7 that the lens 120
andfor the lens blank 122 can be positioned at any of a
variety of locations along the sphere 124, For the purpose of
the present invention, the optical centerline 132 operates as
a reference line for orientation of the lens 120 with respect
to the sphere 124, In the illustrated embediment, wherein
both the outside surface and the inside surface conform to a
portion of a sphere, the optical centerline is defined as the
line 132 which joins the wwo centers CI and C2. The
analogous reference line for the purpose of nonspherical lens
geometry may be formed in a manner different than con-
nection of the two geometric centers of the spheres, as will
be apparent to one of skill in the art.

The lens 120 is ultimately formed in such a manner that
it retains the geometry of a portion of the wall of the sphere
as illustrated in FEG. 7. The location of the lens 120 on the
sphere 124 is selected such that when the lens 120 is oriented
in the eyeglass frame, the normat line of sight 130 of the
wearer through the lens will be maintained substantially in
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pawallel to the optical centerline 132 of the geometric
configuration from whicl the lens 120 was obtained. In the
illustration of FIGS. 6 and 7, the lens 120 is a right lens
which has a significant degree of wrap. as well as some
degree of rake. A lens having a different shape, or a lesser
degree of wrap may overlap the optical centerline 132 of the
imaginary sphere 124 from which the lens was formed.
However, whether the optical centetline of the imaginary
sphere 124 crosses through the leas 120 or not is
unimportant, so long as the line of sight 130 in the lens 120
Is maintained substantiatly in parallel in the as-worn orien-
tation with the optical centerline 132,

For purposes of the present imvention, “substantialiy
parallel” shall mean that the line of sight 130 when the lfens
128 is oriented in the as womn position generally does not
deviate within the horizonial plane by more than about £15°
from parallel to the optical centerling 132, Preferably, the
normal line of sight 130 should not deviate by more than
about £[0° from the optical centerline 132, more preferably
the normal line of sight 130 deviates by no more than about
+5° and most preferably no more than about *2° from
parallet to the opfical centerline 132, Optimally, the line of
sight 130 is parallel to the optical centerline in the as worn
orientation. Typically, an eyewear frame has a vertical plang
of symmetry which is substantially parallel to the line of
sight 130. Accordingly, the optical centerline 132 will be
substantiaily parallel to the frame's vertical plane of sym-
metry.

Variations from parallel in the horizontal plane generally
have a greater negative impact on the lens than variations
from parallel in the vertical plane. Accordingly, the solid
angle between the line of sight 130 and optical centerline
132 in the vertical plane may exceed the ranges set forth
above, for some eyewear, as long as the horizontal compo-
nent of the angle of deviation is within the above-mentioned
ranges of deviation from the paraliel orientation. Preferably,
the line of sight 130 deviates in the veriical plane no more
than about £1G° and, more preferably, no more than about
43° from the optical centerline in the as worn orientation,

FIG, 7 is a cutaway view of the lens 120, lens blank 122,
and geometric shape 124 of FIG. 6. This view shows that the
preferred geometric shape 124 is hollow with walls of
varying thickness, as revealed by a horizontal cross-section
134 at the optical centerline of the geometric shape 124,

The tapered walls of the preferred geometric shape 124
result from two horizontally offset spheres, represented by
their center points C1 and C2 and radii R1 and R2. An outer
surface 136 of the preferred lens blank 122 conforms to one
sphere (of radius R1) while an inner surface 138 of the lens
blank 122 conforms to the other sphere (of radius R2). By
adjusting the parameters which describe the two spheres, the
nature of the taper of the lens blank 122 may also be
adjusted.

In particular, the parameters for the two spheres to which
the lens blank outer surface 136 and inner surface 138
conform is preferably chosen to produce zero refractive
power, or noa-prescription lenses. Where CT represents a
chosen center thickness (maximum thickness of the wail of
the hollow geometric shape 124), 1 is an index of refraction
of the lens blank material, R1 is set by design choice for the
curvature of the owter surface 136, R2 may be determined
according to the following equation:
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selecting a desired lens shape for dual lens eyewear, the
lens shape having a mechanical eenter point;
selecting a desired lens orientation relative to a wearer's
normal line of sight from one eye, the orientation
including botl a degree of horizontal wrap and a degree
of vertical rake;
tdentifying a position on the lens blank where the desired
lens shape cut from that position piaces the mechanical
center point offset horizontally from the optical center
of the lens blank and vertically below the equatorial
Hne, said offset by an amount which corresponds to the
degree of wrap and the degree of rake to reduce
prismatic shift; and
cuiting the desired lens shape from the position.
11. A method as in claim 10, wherein the selecting a
desired lens orientation step comprises selecting a lens
orientation such that an angle of incidence ar which the
normal line of sight passes through a posterior surface of the
lens is greater than about 90°,
12, A method as in claim 11, wherein the angle of
incidence js greater than about 95°.
13. A method as in claim 12, wherein the angle of
incidence is within the range of from about 100° to about
[35°,
14. A method as in claim 10, wherein the obtaining a
tapered non-glass lens blank step comprises obtaining a lens
blank having a base curvature within the range of from about
8% to about 9,
15. A method as in claim 10, wherein said cutting the
desired lens shape step produces a lens having a horizontal
arc length within the range of from about 1% to about 3%
inches.
16. A method as in claim 10, wherein the identifying a
position on the lens blank step comprises identifying a
pasition on the lens blank where the desired lens shape cut
from that position, when mounted in the desired lens
orientation, aligns the optical centerline with respect to the
wearer's normal line of sight such that the optical centerline
deviates in a horizontal meridian from the normal line of
sight by no more than about 5°,
17. A method as in claim 16, wherein the deviation in the
horizontal meridian is no more than about +2°,
18. A method as in claim 16, wherein the optical center-
line deviates in a vertical meridian from the wearer"s normal
line of sight by no more than about +3°,
19. A method as in claim 10, further comprising the step
of mounting the lens in eyewear in the desired orientation.
20. A method of cutting a nonpowered lens from a
decentered lens blank, said lens for use in a dual lens
eyeglass frame in which the lens will exhibit both wrap and
rake and optical correction in an as-wom orientation, com-
prising the steps of:
designing a dual fens eyeglass frame at least to the point
of determining a desired rake and wrap of each lens
relative to a corresponding normal line of sight through
each lens in the as-worn orientation, said desired rake
and wrap such that an angle of incidence at which the
normal line of sight passes through z posterior surface
of the lens is greater than about 95%;

obtaining & decentered, tapered spherical lens blank hav-
ing an anterior surface with a base curvature of at least
about 7% and an optical centerline passing through the
thickest portion of the lens blank;

selecting a vertical and horizontal position on the lens
blank, relative to the optical centerline, for cutting the
lens such that the lens cut from the selected position
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will exhibit substantially the same three dimensiona
angular orientation with respect to the optical centerline
as it will exhibit with respect to the corresponding
narmal line of sight once mounted in the dual lens
eyeglass frame with said desired rake and wrap in the
as-worn orientaiion, wherein the selected vertical posi-
tion depends upon said desired rake and the selected
horizontai position depends upon said desired wrap;
and

cutting the lens from said location on the lens blank.

21. A method of manufacturing a right lens for dual lens
optically comected non prescription eyewear exhibiting
wrap and a degree of downward rake in the as-worn
orientation, the method comprising:

providing a derentered lens blank having an optical

centerline, the lens blank having a thickness which is
vertically tapered on either side of a horizontal merid-
ian and horizontally tapered from a relatively greater
thickness at an optical center located between the
geometric center of the blank and a medial edge of the
blank to a relatively lesser thickness at # latera} edge of
the blank, the optical centerline passing through the
Iens blank at the optical center which lies on the
horizontal meridian; and

cutting the right Jens from the lens blank such that greater

than 50% of the right lens is cut from below the
horizontal meridian, the amount of the right lens cut
from below the horizontal meridian corresponding to
the degree of downward rake to reduce induced pris-
matic shift in the vertical plane when the lens is
mounted with said degree of downward rake.

22. The method of claim 21, wherein greater than about
50% of the lens is cut from a lower lateral quadrant.

23, The method of claim 21, wherein the optical center
lies outside of the right lens,

24, The method of claim 21, wherein the horizontal
mericlian is the central horizontal meridian.

25. The method of claim 21, wherein the lens blank has
a base curvature of at least about 744.

26. The method of claim 21, wherein the lens blank has
a base curvature within the range of from about 8 to about
oA,

27. A method of manufacturing dual lens eyewear having
wrap and rake with minimal optical distortion in an as-worn
orientation, the method comprising:

designing a duat lens eyeglass, including defining a lens

shape, a degree of wrap and a degree of rake in the
as-worn orientation for each of a left lens and a right
lens;

providing a plurality of spherical lens blanks, each having

a base curvature of at least about 6, a vertically and
horizontally tapered thickness and an optical center-
line;

identifying a horizontal position on one of the lens blanks

relative to the optical centerline, at which the lens shape
will exhibit the defined degree of wrap while minimiz-
ing prismatic distortion in the as-worn orientation for
each of the left lens and the right lens;

identifying a vertical position on one of the lens blanks,

relative to the optical centerline, at which the Iens shape
will exhibit the defined degree of rake while minimiz-
ing prismatic distortion in the as-wom orientation for
each of the left lens and the right lens; and

cutting the lens from the identified horizontal and vertical

position for each of the left lens and the right lens.

28. A method of constructing a dual lens eyeglass having
wrap and rake in an as worn orientation, comprising:
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defermining a degree of wrap and a degree of rake for the
as worn orientation for each of a left lens and a right
lens, said degrees of wrap and rake such that an angle
of incidence at which the normal lne of sight passes
through a posterior surface of the lens is greater than
about 95°;

providing an eyeglass frame to support the left and right
lenses with the selected degrees of lens wrap and lens
rake in an as-worn orientation;

providing a first lens blank with a thickness asymmeni-
cally tapered in a vertical dimension and asymmetri-
cally tapered in a horizontal dimension:

cuiting a left lens from a position on the first lens blank
which is selected to coopernte with the selected degrees
of wrap and rake in the as warn orientation;

providing a second iens blank with a thickness asym-
metrically tapered in the veriical dimension and asym-
metrically tapered in the horizontal dimension;

cutting a right lens from a position on the second lens
blank which is selected to cooperate with the selected
degrees of wrap and rake in the as warn orientation; and

mounting the left and right lenses to the frame with the
selected degrees of wrap and rake in the as wom

otientations whereby the asymmetric tapered thickness 2

cooperates with the selected degrees of wrap and rake
fo reduce prismatic shift compared to a non tapered lens
and compared to a vertically and horizontally sym-
metrically tapered lens mounted with said rake and
wrap.

29. A method as in claim 28, wherein the angle of
incidence is between about 100 degrees and abour 135
degrees.

30. A method as in claim 28, wherein the front surface of

each of the right lens and the Ieft lens has a base curve of :

greater than about base 6.

31. A method as in claim 30, wherein eack of the front
right surface and the front left surface has a base curve of
greater than about hase 8.

32. A method as in claim 30, wherein each of the front
right surface and the front left surface has a base curve
within the range of from about 7.5 to about 10.5.

33. A method as in claim 28, wherein each of the sight and
left Jenses comprises polycarbonate.

34. A method as in claim 28, wherein each of the right and
left lenses has a maximum horizontal arc length within the
range of from about 1% inches to about 3% inches.

35. Amethod as in claim 34, wherein each of the right and
left lenses has a maxinwm horizontal arc length within the
range of from about 2 inches to about 3 inches.

36. A method as in claim 28, wherein a medial edge of
each of the right and left lenses has a thickness within the
range of from about 1 mm to about 2.5 mm.

37. Amethod as in claim 36, wherein the medial edge of
each of the right and left lenses has a thickness within the
range of from about 1.5 mm to abour 1.8 mm.

38. Amethod as in claim 28, wherein each of the right and
left lens has a front surface and a rear surface, defining a lens
thickness therebetween for each of the right and left lenses:

each of the front surface and rear surface of the right lens

conforming substantially to portions of the swfaces of
a front right sphere having a first center and a rear right
sphere having a second center, respectively, such that
the thickness of the right lens is tapered in both
horizontal and vertical planes;

each of the front swface and rear surface of the left lens

conforming substantially to portions of the surfaces of
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a fromt left sphere having a third center and z rear left
sphere having a fourth center, respectively, such that
the thickness of the left Jens is tapered in both hori-
zontal and vertical planes;

wherein each of said first, second, third and fourth centers

are offset from one another following the mounting
step, the eyeglass further characterized by:

a right optical centerline extending through the first and

second centers of the righe lens;

a left optical centerline extending through the third and

fourih centers of the left lens;

wherein a right mechanical center of the right lens is offset

both horizontally and vertically from the right side
optical centerline, by a vertical distance which corre-
sponds to the amount of rake exhibited by the right lens
in the as worn orientation and by a horizontal distance
which corresponds to the amount of wrap exhibited by
the right lens in the as worn orientation, and a left
mechanical center is offset both horizontally and ver-
tically from the left optical centerline, by a vertical
distance which corresponds to the amount of rake
exhibited by the left fens in the as worn orientation, and
by a horizomal distance which corresponds to the
amount of wrap exhibited by the left lens in the as worn
orientation to produce eyewear which exhibits a desired
reduction in prismatic error.

39. The method of claim 38, wherein each of said front
right sphere and said front left sphere has a base curve of
greater than about base 6.

40. The method of claim 39, wherein a vertical component
of the wearer’s normal line of sight from each eye deviates
in the as wom orientation by no more than about 10 degrees
from parallel with a horizontal component of the corre-
sponding optical centerline,

41. The methed of claim 38, wherein cach of said front
right sphere and said front left sphere has a base curve of
greater than about base 8.

42. The method of claim 41, wherein each of said front
right sphere and said front left sphere has a base curve within
the range of from about 7.5 to about 10.5.

43. A method of manufacturing optically corrected, non-
prescription dual lens eyeweas, comprising:

providing an eyeglass frame configured to maintzin a left

lens in a first predetermined relationship with respect to
a wearer’s left reference line of sight and a right lens in
a second predetermined relationship with respect o the
wearer’s right reference line of sight, when the evewear
is worn on the head of the wearer, each predetermined
relationship including an amount of wrap and an
amount of rake;

choosing a vertically and horizontally tapered left lens

thickness with an associated left optical centerline
vertically and horizontally aligned with respect to the
wearer's left reference line of sight in the first prede-
termined relationship, to compensate for prismatic dis-
tortion relative to a uniformly thick lens having the first
predetermined relationship;

cutting a left lens with the chosen tapered left lens

thickness from a location on a first lens blank;
choosing a vertically and horizontally tapered right lens
thickness with an associated right optical centerline
vertically and horizontally aligned with respect to the
wearer's right reference line of sight in the second
predeterniined relationship, to compensate for pris-
maiic distortion relative to a uniformly thick lens
having the second predetermined relationship; and
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a cutting a right lens with the chosen tapered right lens

thickness from a location on a second lens blank,

44. The method of clabm 43, wherein providing the
corrected left lens comprises cutting the left lens from a
vertically and horizontally tapered lens blank having the left
optical centerline, and providing the comrected right lens
comprises cutting the right lens from a similar lens blank
having the right optical centerline.

45. The method of claim 44, wherein choosing the ver-
tically and horizontally tapered left lens thickness coniprises
selecting a position on the lens blank such that cutting the
lens from that position and mounting the lens on the eyeglass
frame in the first predetermined relationship results in the
left optical centerline being within about 10° of parallel to
the wearer's left reference line of sight in each of a vertical
and a horizontal plane.

46. A method of manufacturing nonprescription, dual lens
eyewear exhibiting wrap and downward rake, the method
comprising the steps of:

selecting a desired as wom lens orientation relative (o a

wearer's reference line of sight;

obtaining a lens which has been cut from a preselected
non cenatered location on a lens blank, which location
relates to the desired as worn lens orientation to achieve
a desired optical result, the lens blank comprising an
inner surface conforming to a first sphere having a first
center, and an outer surface conforming to a second
sphere having a second center offset from the first
center, a vertically and horizontally tapered lens thick-

w
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ness defined between the inner and outer swifaces, and
an optical centerline passing through the first and
second centers; and

mounting the lens in a frame with rake and wrap such that

the optical centerline is oriented with respect to the
wearer's reference line of sight to achieve the desired
optical result.

47. The method of claim 46, wherein the wearer’s refer-
ence line of sight is the wearer's straight ahead normal line
of sight.

48. The method of claim 47, wherein the lens is mounted
such that the optical centerline is horizontally and vertically
spaced from the wearer's normal line of sight.

49. The methad of claim 48, wherein the optical centerline
is substantially parailel with the normal line of sight.

50. The method of claim 49, wherein the optical centerline
deviates within a vertical plane by no more than about 10
degrees from parallel with the normal line of sight and
deviates within a horizontal plane by no more than about 10
degrees from parallel with the normal line of sight.

51. The method of claim 46, wherein the obtaining step
comprises obtaining a lens cut from a position on the lens
blank such that the geometric center of the lens is displaced
from the geomerric center of the lens blank in both a vertical
and a horizontal plane by an amount corresponding to the
desired as wom lens orientation to achieve the desired
optical result.
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X. SIGNATURE OF ATTORNEY (OR PRO PER); Date June 2, 2010

Notice to Counsel/Parties: The CV-71 (JS-44) Civil Cover Sheet and the information contained herein neither replace nor supplement the filing and service of pleadings
or other papers as required by law. This form, approved by the Judicial Conference of the United States in September 1974, is required pursuant to Local Rule 3-1 is not filed
but is used by the Clerk of the Court for the purpose of statistics, venue and initiating the civil docket sheet. (For more detailed instructions, see separate instructions sheet.)

Key to Statistical codes relating to Social Security Cases;

Nature of Suit Code  Abbreviation Substantive Statement of Cause of Action

861 HIA All claims for health insurance benefits (Medicare) under Title 18, Part A, of the Social Security Act, as amended.
Also, include claims by hospitals, skilled nursing facilities, etc., for certification as providers of services under the
program. {42 U.S.C. 1935FF(b))

862 BL All claims for “Black Lung” benefits under Title 4, Part B, of the Federal Coal Mine Health and Safety Act of 1969.
(30 .8.C. 923)

863 DIWC All claims filed by insured workers for disability insurance benefits under Title 2 of the Social Security Act, as
amended; plus all claims filed for chid’s insurance benefits based on disability. (42 U.S.C. 405(g))

863 DIWW All ctaims filed for widows or widowers insurance benefits based on disability under Titie 2 of the Social Security
Act, as amended. (42 U.S.C. 405(2)

864 $Sib All claims for supptemental security income paymients based upon disabitity filed under Titte 16 of the Social Security
Act, as amended.

865 RSI All claims for retirement (old age) and survivors benefits under Title 2 of the Social Security Act, as amended. {42
U.S.C. {g)
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