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I, Jack Feinberg, declare as follows:
L. INTRODUCTION

1. TIhave been retained by Panasonic System Networks Co., Ltd.
(“Petitioner”) in this case as an expert in the relevant art.

2. T have been asked to provide my opinions concerning U.S. Patent No.
6,844,990 (“the ‘990 patent”)(Exhibit 1001), as well as the materials I have
reviewed in this case that are related to the subject matter of the ‘990 patent.

3. Thave also been asked to provide my opinions concerning the state of
the relevant art prior to May 11, 2001, and the level and knowledge of one of
ordinary skill in the art in the May 2001 time frame.

4. 1have reviewed certain prior art references and analyzed whether
certain elements of the claims of the ‘990 patent are disclosed in those prior art
references.

5. My opinions and views set forth in this declaration are based on my
education, training, and experience in the field of optics, as well as the materials I
reviewed in this case.

II. QUALIFICATIONS

6. I earned a bachelor of arts in Physics from Columbia University in

1972 and a Ph.D. in Physics from the University Of California, Berkeley in 1977.

In 1981 I became an Assistant Professor at the University of Southern California. I
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became an Associate Professor in 1986 and a Professor of Physics in 1991. I am
currently a professor at the University of Southern California in the Department of
Physics and Astronomy as well as the Department of Electrical Engineering.

7. I am a Fellow of the Optical Society of America and winner of the
1995 Discover Award for Technological Innovation in the Field of Sight. I hold a
dozen patents in the field of imaging and lasers, I have served as a consultant to
numerous optical companies, and I have authored approximately 90 original
articles in the field of optics. In addition, I have trained dozens of Ph.D. students in
optics-related fields, and taught thousands of students at the University of Southern
California. A listing of my publications and research is included in my curriculum
vitae, a copy of which is attached as Appendix A.

8. I am being compensated for my work. My fee is not contingent on the
outcome of any matter or on any of the technical positions I explain in this
declaration. I have no financial interest in Petitioner.

9. I have been informed that the assignee of the patent, 6115187
CANADA, INC.,, 1s also known as ImmerVision Inc. (hereinafter referred to as
“Patentee”). I have no financial interest in the Patentee or the ‘990 patent.

III. DOCUMENTS REVIEWED
10. Thave reviewed the ‘990 patent(Exhibit 1001); U.S. Patent No.

5,686,957 (“Baker”)(Exhibit 1002); U.S. Patent No. 6,128,145
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(“Nagaoka”)(Exhibit 1003); U.S. Patent No. 3,953,111 (“Fisher”)(Exhibit 1004);
and U.S. Patent No. 6,031,670 (“Inoue”)(Exhibit 1007).

IV. THE PERSON OF ORDINARY SKILL IN THE RELEVANT FIELD
IN THE RELEVANT TIMEFRAME

11. Ihave been informed that “a person of ordinary skill in the relevant art”
is a hypothetical person who is presumed to have known the relevant art at the time
of the invention. Factors that may be considered in determining the level of
ordinary skill in the art may include: (1) type of problems encountered in the art;
(2) prior art solutions to those problems; (3) rapidity with which innovations are
made; (4) sophistication of the technology; and (5) educational level of active
workers in the field. In a given case, every factor may not be present, and one or
more factors may predominate. In many cases a person of ordinary skill will be
able to fit the teachings of multiple patents together like pieces of a puzzle.

12. I have been informed that the date for determining whether a
document or information is considered “prior art” is May 11, 2001.

13. A person of ordinary skill in the subject matter claimed and disclosed
in the ‘990 patent would have at least a bachelor’s degree in Physics and/or
Electrical Engineering and at least five years’ experience working with lenses or

related optical systems.
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14. The prior art discussed herein demonstrates that a person of ordinary
skill in the relevant art, before May 11, 2001, would have been aware of panoramic
objective lenses, fish-eye lenses and other wide-angle lenses.

15. A person of ordinary skill in the relevant art would have been aware of
panoramic objective lenses with non-linear distribution functions, i.e., a
distribution function of image points that is not linear relative to the field angle of
the object points of the panorama.

16. A person of ordinary skill in the relevant art would have understood
that a panoramic objective lens with a non-linear distribution function could have
at least one zone where the image obtained is expanded and/or compressed.

17. A person of ordinary skill in the relevant art would have known that the
expansion and/or compression of an image caused by the distribution function of a
lens would depend on the slope of a plot of image height vs. field angle for that
lens, and in particular how that slope compares to the constant slope of the straight
line depicting the linear distribution function of a lens.

18. A person of ordinary skill in the relevant art would also have
understood the desirability of, and how to, correct an image obtained from a

panoramic objective lens having a non-linear distribution function.
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19. Based on my education and experience, I have a very good
understanding of the capabilities of a person of ordinary skill in the relevant art at
the time of invention.

V. THE ‘990 PATENT

20. The ‘990 patent proposes a panoramic objective lens having a non-
linear distribution function of image height vs. field angle.

21. According to the ‘990 patent, the disclosed lenses allow “the physical
limits of image sensors to be circumvented and the definition offered by digital
enlargements concerning certain parts of a digital panoramic image to be
improved, without the need to increase the number of pixels per unit of area of an
image sensor or to provide an overlooking optical enlargement system in a
panoramic objective lens.” Exhibit 1001, ‘990 patent, col. 3, lines 34-42. Such
lenses were known to a person of ordinary skill in the relevant art prior to May
2001.

22. The ‘990 patent states:

Thus, the present invention proposes a method for capturing a
digital panoramic image, by projecting a panorama onto an
image sensor by means of a panoramic objective lens, in which
the panoramic objective lens has an image point distribution
function that is not linear relative to the field angle of object

points of the panorama, the distribution function having a

6
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maximum divergence of at least +£10% compared to a linear
distribution function, such that the panoramic image obtained
has at least one substantially expanded zone and at least one

substantially compressed zone.

Exhibit 1001, ‘990 patent, col. 4, lines 11-21.

23. The ‘990 patent proposes the use of lenses that (1) expand the center of
the image and compress the edges of the image; (2) expand the edges of the image
and compress the center of the image; or, (3) compress the center and edges of the
image and expand an intermediate zone of the image. Exhibit 1001, ‘990 patent,
col. 4, lines 28-38.

24. The ‘990 patent suggests capturing the image points and “correcting the
non-linearity of the initial image, performed by means of a reciprocal function of
the non-linear distribution function of the objective lens or by means of the non-
linear distribution function.” Exhibit 1001, ‘990 patent, col. 4, lines 51-55.

25. The ‘990 patent states:

As is well known by those skilled in the art, the term "linearity"
here refers to a ratio of proportionality between the distance of
an image point measured relative to the center of the image and
the field angle of the corresponding object point. The notion of
"linearity" in the field of panoramic objective lenses is
therefore different from that prevailing in the field of paraxial
optics (in the vicinity of the optical axis) when the conditions

of Gauss are met.
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Exhibit 1001, ‘990 patent, col. 7, lines 24-31.
26. The ‘990 patent states:

FIG. 4B represents the curve of the corresponding distribution
function Fd1. The classical linear distribution function,
expressed by Fdc=Ka and in the form of a straight line of
gradient K, is also represented as a guide mark (the constant K
being equal to 1/90 for an objective lens having an aperture of
180°, i.e., a gradient of 0.111 per degree). [sic: should be
0.0111 per degree]. The field angle a of the object points is
represented on the X-axis and is between 0 and 90°. The
relative distance dr of an image point in relation to the center of
the image disk is represented on the Y-axis and is between 0
and 1. The curve of the function Fd1 has a higher gradient than
the straight line Fdc for angles a of between 0 and 20°, then a
lesser gradient after 20° and up to 90°. A high gradient means
an expansion of the image and a low gradient means a
compression of the image.

Exhibit 1001, ‘990 patent, col. 8, lines 29-43.

27. As I will discuss below, lenses having non-linear distribution functions
that project substantially expanded and compressed zones were well known in the
prior art.

VI. CLAIM INTERPRETATION

28. Inreviewing the claims of the ‘990 patent, I understand that the claims

are generally accorded their broadest reasonable interpretation in light of the patent
8
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specification, and should be free from any limitations disclosed in the

specifications that are not expressly listed in the claims.

29. T also understand that claimed terms should be accorded their ordinary
and accustomed meaning unless the specification otherwise defines those terms.

30. A person of ordinary skill in the relevant art would have understood the
term “panoramic objective lens” to mean a very wide-angle lens, e.g., a “fisheye”
lens, capable of projecting a panoramic image. Exhibit 1001, ‘990 patent, col. 1,
lines 18-19.

31. A person of ordinary skill in the relevant art would have understood the
term “object point” to mean a point on the object being viewed by the lens.

32. A person of ordinary skill in the relevant art would have understood the
term “image point” to mean a point of light projected by the lens onto an image
plane, said light coming from the corresponding object point of a viewed object.

33. A person of ordinary skill in the relevant art would have understood the
phrase “field angle of an object point” to mean “the angle of an incident light ray
passing through the object point considered and through the center of the panorama
photographed, relative to the optical axis of the objective lens.” See Exhibit 1001,

‘990 patent, col. 2, lines 18-22.
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34. A person of ordinary skill in the relevant art would have understood the
phrase “maximum divergence” (DIVmax) of the distribution function from the
linear function as it is defined in the ‘990 patent:

DIVmax %=[[dr(Pd)-dr(Pd1)]/[dr(Pd1)]]*100.
See Exhibit 1001, ‘990 patent, col. 8, line 57.

35. A person of ordinary skill in the relevant art would have looked to the
specification of the ‘990 patent to understand the term “substantially,” as it appears
in claims 1 and 17 of that patent, and would have learned that it means an amount
of compression or expansion obtained using a lens with a non-linear “distribution
function having a maximum divergence of at least +£10% compared to a linear
distribution function.” Exhibit 1001, ‘990 patent, col. 4, lines 11-21.

36. A person of ordinary skill in the relevant art would have looked to the
specification of the ‘990 patent to understand the term “optical means for
projecting” as it is used in that patent and would have understood that the
structures disclosed in the specification corresponding to the optical means are one
or more optical elements such as lenses. The specification does not limit the
optical means to a specific number of optical elements, to specific shaped optical
elements, to specific types of optical elements or to a specific arrangement of
optical elements. The optical means are one or more optical elements that project a

panorama onto an image plane of the objective lens. Exhibit 1001, ‘990 patent,

10
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col. 5, lines 30-31. The ‘990 patent discloses “two examples of embodiments of
non-linear panoramic objective lenses according to the present invention will be
described, the first being a direct-type objective lens and the second of indirect
type, that is using mirrors.” Ex. 1001, 14:46-53. The structures corresponding to
the optical means are shown in Figs. 16 and 18. The ‘990 patent broadly discloses
optical elements, e.g., lenses and/or mirrors, which perform the function of
projecting a panorama onto an image plane of the objective lens. Exhibit 1001,
‘990 patent, Figs. 16 and 18.

37. A person of ordinary skill in the relevant art would have understood
that an “apodizer” was generally understood as an optical element or “systems
used to change the energy distribution (amount of light) of a source of light at the
pupil.” Exhibit 1001, ‘990 patent, col. 15, lines 55-57. However, as used in the
‘990 patent, a person of ordinary skill in the relevant art would have understood
that the term “apodizer was used to control the angular distribution of a panoramic
objective lens and to obtain the non-linearity sought.” Exhibit 1001, ‘990 patent,
col. 16, lines 1-4.

38. In other words, a person of ordinary skill in the relevant art would have
understood the term “apodizer” as used in the ‘990 patent to mean an optical
system which provides a non-linear distribution of image points relative to the field

angle of the corresponding object points.

11
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39. A person of ordinary skill in the relevant art would have understood
that an “aspherical lens” was generally understood as a lens element with a non-
spherical surface.

VII. U.S. PATENT NO. 5,686,957 (“BAKER”)(Exhibit 1002)

40. The Baker patent issued on November 11, 1997, based on an

application filed on June 30, 1995. As such, it is prior art to the ‘990 patent.

41. Baker discloses various wide-angle objective lenses. Some have the
typical linear distribution function of image points, while others have a non-linear
distribution function of image points, relative to the field angle of the object points
of the panorama. For example, see Baker Figs. 2A and 3BA.

42. Baker Fig. 2A depicted below depicts, in cross section, a typical linear

objective lens:

12
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Fig. 28 g, 2C

43. Baker Fig. 2B depicted above depicts the image obtained from the

linear objective lens shown in Fig. 2A.

13
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44, Baker Fig. 3BA depicted below depicts a non-linear objective lens:

45. Baker Fig. 3BB depicted above depicts the image obtained from the
non-linear objective lens shown in Fig. 3BA.

46. Baker discloses using a “hemispherical gradient index unit with a wide
field multi-element lens” such that “the portion of the camera dedicated to the

periphery is increased, thereby increasing the relative resolution of information
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detectable by the imaging device sensing elements.” Exhibit 1002, Baker, col 12

lines 6-11.
47. For ease of comparison, Fig. 2B and Fig 3BB are positioned side-by-

side below:
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48. The image obtained from the non-linear objective lens (Fig. 3BB)

disclosed by Baker depicts a substantially expanded edge zone Y’ and a

substantially compressed center zone X’ compared to the image obtained from the

linear objective lens (Fig. 2B).

49. Baker discloses all of the elements recited in claims 1 and 17 of the

‘990 patent.
50. Baker discloses a panoramic objective lens and a method for capturing

a digital panoramic image.

51. Baker discloses that “the visual imaging system can use a single camera

to capture the relevant visual information within a panoramic field of view existing

along the horizon.” Exhibit 1002, col. 6, lines 29-32.
15
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52. Baker discloses that the “captured scene can be stored onto an
assortment of media, e.g., photographic film 16, electronic storage 18, or other
conventional storage means.” Exhibit 1002, col. 8, lines 62-65.

53. Baker discloses projecting a panorama onto an image sensor by means
of a panoramic objective lens.

54. Baker discloses “the visual imaging system of the parent invention
includes a still image or moving picture camera 10, having a lens, indicated
generally at 14, designed to capture and enhance the peripheral content of a
hemispheric scene.” Exhibit 1002, col. 8, lines 58-62.

55. Baker also discloses that a “CCD” may be used for digital storage.
Exhibit 1002, col. 13, line 16.

56. Baker discloses a panoramic objective lens having an image point
distribution function that is not a linear function of the field angle of object points
of the panorama.

57. Baker discloses “a lens, indicated generally at 14, designed to capture
and enhance the peripheral content of a hemispheric scene.” Exhibit 1002, col. 8,
lines 60-62.

58. Baker states: “To maximize data collection and resolution for analysis

and/or display of the relevant visual information located in this portion of the
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hemispheric scene, it is desirable to maximize the dedication of the available image
detection area to this peripheral field portion.” Exhibit 1002, col. 8, lines 32-36.

59. Baker discloses “if an ordinary fisheye lens focuses the lowest 15
degrees up from the horizon on ten percent of the imager at the imaging plane and
the peripheral-enhancing lens focuses that same 15 degrees on fifty percent of the
imager, there is a five-fold increase in resolution using the same imaging device.
Depending on the application and exact formulation of the lens equations, there
will be at least a five times increase in resolving power by this lens/imager
combination.” Exhibit 1002, col. 6, lines 48-56.

60. A person of ordinary skill in the art would have understood that such a
lens that provides a five-fold increase in resolution for the lowest 15 degrees up
from the horizon will always have a maximum divergence of at least £10%
compared to a linear distribution function. It would also have been obvious to a
person of ordinary skill in the art that such a lens would have a maximum
divergence of at least £10% compared to a linear distribution function.

61. The plot below shows a function that replicates Baker. As the last 15°
up from the horizon (which is at 90°) fills the top 50% of the image height, Baker’s
function must extend outside the +10% boundary lines indicated (shown as green-

dashed lines).
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Thus, Baker discloses a panoramic objective lens with a distribution function

having a maximum divergence of at least £10% compared to a linear distribution

function.

62. Baker further discloses a panoramic objective lens that projects a

panoramic image with at least one substantially expanded zone and at least one

substantially compressed zone. Compare Figs. 2B and 3BB.

63. Baker additionally discloses all of the elements recited in claims 2, 4,

6, 18, 20 and 22 of the ‘990 patent.

64. The non-linear objective lens depicted in Fig. 3BA has a non-linear

distribution function that is symmetrical relative to the optical axis of the objective

lens.
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65. In the non-linear objective lens depicted in Fig. 3BA, the position of an
image point relative to the center of the image varies according to the field angle of
the corresponding object point. Figs. 3BA and 3BB.

66. Baker further discloses a panoramic objective lens that expands the
edges of the image and compresses the center of the image. Compare Figs. 2B and
3BB. Baker states: “The lens uniquely achieves this by filling the greater available
area of an imager device with the peripheral areas rather than the central areas of
the captured scene.” Exhibit 1002, col. 10, lines 57-60.

67. Baker also states: “The lens constructed according to the present
invention has a fairly significant portion of the imaging surface dedicated to the
peripheral field, and consequently less of the surface dedicated to the central field.”
Exhibit 1002, col. 12, lines 29-32.

68. Baker discloses a panoramic objective lens in which a set of lenses
form an apodizer as defined by the ‘990 patent. Specifically, the hemispherical lens
elements at bottom of Fig. 3BA comprise an apodizer, as they control the angular
distribution of the panoramic objective lens to obtain the desired non-linearity.
Figs. 3BA and 3BB.

69. In view of the above, all of the elements disclosed by and/or recited in
claims 1, 2, 4, 6, 17, 18, 20 and 22 of the ‘990 patent would have been obvious to a

person of ordinary skill in the relevant art in view of the teachings of Baker.
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VIIIL. U.S. PATENT NO. 6,128,145 (“NAGAOKA”)(Exhibit 1003)

70. The Nagaoka patent issued on October 3, 2000, based on an
application filed on April 28, 1999. As such, it is prior art to the '990 patent.

71. Nagaoka discloses a panoramic objective lens and capturing a digital
panoramic image using a CCD that “can pick up an image of all the directions of
the field of view around the optical axis at a field angle of at least 90° in each
direction with respect to the optical axis.” Exhibit 1003, Nagaoka, col. 1, lines 19-
21. Digital image data can be stored, e.g., on a flashcard. Ex. 1003 9:18-21.

72. 1Tt is well known to those skilled in the relevant art that the lens
distribution function h=f-tan 0 creates undistorted images, such as those produced
by an ordinary (not a fisheye) camera lens. Nagaoka explains that the distribution
function h=f‘tan 6 shown in his Fig. 3A is impractical for a fisheye lens designed to
work at angles 6 near 90°, since “at a field angle 6 of 90°, tan 6 becomes infinite.
Since the fisheye lens is required to obtain an image of all the directions of the
field of view around the optical axis at a field angle of at least 90° with respect to
the optical axis, it can be said that the fisheye lens having the relationship of
h=f"tan 0 is not suitable.” Exhibit 1003, Nagaoka, col. 6, lines 8-13.

73. Nagaoka explains that the linear distribution function h=f-0 is used in

the prior art so as to image field angles 0 near 90°. “The fisheye lens that has been
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generally used in the prior art has a relationship of h=f-0.” Exhibit 1003, Nagaoka,
col. 5, lines 28-29.

74. Nagaoka discusses a commercially available Nikon lens as an example
of the linear distribution function used in fisheye lenses of the prior art.
“Conventional fisheye lenses generally have a relationship of h=f-0 and Nikon’s 8
mm f/2.8 fisheye lens has the above relationship of h=f-0.” Nagaoka, col. 1, lines
45-47.

75. Below is a graph of the measured height h of the image point vs. field

angle 0 for the Nikon 8mm f/2.8 fisheye lens discussed by Nagaoka. The data
confirms that this Nikon fisheye lens does indeed have a linear distribution

function h=f£-0.

Nikon 8mm /2.8 fish-eye lens
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76. Nagaoka explains the disadvantage of a fisheye lens having the linear
distribution function h=f'6. “Since an image picked up by a fisheye lens having the
above characteristics has a small volume of image data on its peripheral portion
(field angle around 90° with respect to the optical axis of the fisheye lens), when
the image is converted into a plane image, there are many missing portions of
image data on the peripheral portion of the image and the missing portions must be
interpolated.” Nagaoka, col. 1, lines 50-57.

77. Nagaoka discloses several wide-angle objective lenses, each of which
has a nonlinear distribution function of image points relative to the field angle of
the object points of the panorama. Exhibit 1003, Figs. 3A and 3B.

78. Nagaoka explains the advantage of a fisheye lens having a nonlinear
distribution function. “Compared with an ordinary fisheye lens having a
relationship of h=f-0, an image at a peripheral portion (field angle of around 90°
with respect to the optical axis of the fisheye lens) is enlarged and missing portions
of image data on the peripheral portion can be minimized with the fisheye lens in
accordance with the present invention. With this, when a picked-up image is to be
converted into a plane image, the interpolating of image data can be reduced,
thereby making it possible to obtain a more natural plane image.” Exhibit 1003,

Nagaoka, col. 2, lines 44-53.

22

Panasonic Exhibit 1013 Page 22 of 76


RUMIKOW
Text Box
Panasonic Exhibit 1013 Page 22 of 76


79. Fig. 3A of Nagaoka is depicted below:
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80. “Fig. 3A is a diagram showing the relationship between field angle 0
and image height h with respect to fisheye lenses having relationships of h=f-0,
h=2f"sin (0/2), h=f'sin 0, h=f‘tan 0, h=3f'tan (6/3), h=2f*(tan 6/1.6) and h=2f"tan
(6/2).” Exhibit 1003, Nagaoka, col. 3, lines 17-22.

81. In Figs. 3A and 3B, a high gradient (i.e. slope of the curve) compared to
the slope of the linear distribution function h=f‘0 means an expansion of the image,
and a low gradient compared to the linear distribution function h=f-0 means a

compression of the image. See Exhibit 1001, ‘990 patent, col. 8, lines 41-43.
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82. Where the gradient of the graphed distribution function of a lens is
higher than the gradient of the linear distribution function h=f0, the image
obtained from that lens will have an expanded zone. Exhibit 1001, ‘990 patent,
col. 8, lines 38-43.

83. Where the gradient of the graphed distribution function of a lens is
lesser than the gradient of the linear distribution function h=f-0, the image
obtained from that lens will have a compressed zone. Exhibit 1001, ‘990 patent,
col. 8, lines 38-43.

84. If the distribution function of a lens has a divergence of at least £10%
compared to the linear distribution function h=f-0, the image obtained from that
lens will have a “substantially” expanded zone and/or a “substantially”
compressed zone compared to the image produced by a lens having a linear
distribution function, as that term is used in the ‘990 patent. Exhibit 1001, ‘990

patent, col. 4, lines 11-21.
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85. Fig. 3B of Nagaoka is depicted below:
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86. Fig. 3B is a diagram showing the relationship between field angle 6 and
image height h with respect to fisheye lenses having relationships of
h=2f'tan(0/1.6), h=2.4f'tan(6/2), h=3.4f'tan(0/3), h=1.2f'tan(0/1.6), h=1.6ftan(6/2)

and h=f0. Exhibit 1003, Nagaoka, col. 3, lines 23-27.

25

Panasonic Exhibit 1013 Page 25 of 76


RUMIKOW
Text Box
Panasonic Exhibit 1013 Page 25 of 76


87. All of the lenses depicted in Figs. 3A and 3B other than h=f*0 have non-
linear distribution functions.

88. Nagaoka Figs. 3A and 3B show the distribution functions for lenses
with the functions h=1.2ftan(6/1.6), h=1.6f-tan(06/2), and h=2f-tan(0/2). Figs. 3A
and 3B further show that each of these lenses has a maximum divergence of at
least £10% compared to the linear distribution function. Additionally, to confirm
what is shown in Nagaoka Figs. 3A and 3B, I have computed the actual maximum
divergence compared to a linear distribution function for each of the following lens
distribution functions disclosed by Nagaoka: h=1.2f'tan(6/1.6), h=1.6f'tan(6/2), and
h=2f-tan(0/2). See paragraphs 92-94 below.

89. I have also determined whether the image obtained from each of these
lens distribution functions has at least one substantially expanded zone and at least
one substantially compressed zone.

90. Below is a plot of the gradient of a lens having the nonlinear
distribution function h=1.2ftan(6/1.6) compared to the gradient of the linear
function h=f-6. The plot shows that this lens produces an image having one

substantially expanded zone and one substantially compressed zone.
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Gradient of the non-linear distribution function
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91. Below is a plot of the gradient of a lens having the nonlinear
distribution function h=1.6ftan(6/2), compared to the gradient of the linear
function h=f- 6. The plot shows that this lens produces an image having one

substantially expanded zone and one substantially compressed zone.
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92. A lens having the function h=1.2f'tan(6/1.6) would have a maximum

divergence of at least £10% compared to a linear distribution function. As shown
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in the graph below, at 45° the divergence is ~18% compared to a linear distribution

function.
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93. A lens having the function h=1.6ftan(6/2), would have a maximum

divergence of at least £10% compared to a linear distribution function. As shown

in the graph below, at 45° the divergence is ~16% compared to a linear distribution

function.
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94. A lens having the function h=2ftan(0/2) would have a maximum

divergence of at least £10% compared to a linear distribution function. As shown

in the graph below, at 45° the divergence is ~17% compared to a linear distribution

function when the focal length equals 0.79.
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95. A lens having the function h=2f'tan(6/2) with a focal length =1 has at
least one substantially expanded zone as shown in Fig. 4A of Nagaoka (Exhibit

1003):

FIG.4A

96. In Fig. 4A above, the “image height he of the image Me at a peripheral
portion of the fisheye lens 1 having the relationship of h=2ftan(6/2) in accordance
with the present invention is enlarged and larger than the image height ho of the
image Mo near the optical axis, a larger volume of image data can be obtained in
comparison with the conventional fisheye lens, and the obtained image is not
distorted.” Exhibit 1003, Nagaoka, col. 6, lines 46-52.

97. A person of ordinary skill in the relevant art would have known how to
fit an image projected by a lens onto an image sensor. Specifically, such person
would know how to set the focal length f of a lens so that the size of the projected
image approximately matches the size of the image sensor.

98. It was well within the knowledge of a person of ordinary skill in the

relevant art to select the focal length of a lens having a non-linear distribution
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function so that the size of the projected image was approximately the same size
as the projected image of a lens having the linear distribution function h=f-6.

99. A person of ordinary skill in the relevant art would have understood
that, by selecting the focal length of a lens having the nonlinear distribution
function h=2ftan(0/2) to make its image size match that of a linear lens, the
values of the gradients of that nonlinear lens would change.

100. A lens having the nonlinear distribution function h=2ftan(6/2) with a
focal length £=0.79 will produce a fisheye image of approximately the same size
as a lens having the linear distribution function h=f-0 with a focal length f=1.

101. A lens having the function h=2ftan(6/2) with a focal length {=0.79 has

at least one substantially expanded zone and at least one substantially compressed
zone, compared to the linear distribution function h=f-0 with a focal length f=1, as

shown in the plot below.
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102. Nagaoka (Exhibit 1003) discloses all of the elements recited in claims 1

and 17 of the ‘990 patent.

103. Nagaoka discloses a panoramic objective lens and a method for
capturing a digital panoramic image. Specifically, Nagaoka discloses: “...an image
processing system utilizing an image pick-up device comprising a fisheye lens...”
Exhibit 1003, Nagaoka col. 3, lines 63-65. Nagaoka further discloses: “an image
of half of the sphere is picked up by the fisheye lens.” Ex. 1003 1:23-31.

104. Nagaoka discloses projecting a panorama onto an image sensor by
means of a panoramic objective lens. Specifically, the panorama is projected onto a
CCD image sensor by a panoramic objective lens. Exhibit 1003, Nagaoka col. 4,
line 66 — col. 5, line 2 and Fig. 2.

105. Nagaoka discloses a panoramic objective lens having an image point
distribution function that is not linear relative to the field angle of object points of
the panorama. In fact, Nagaoka discloses several lenses each having an image
point distribution function that is not linear relative to the field angle of object
points of the panorama. As examples, the lenses having the functions
h=1.2f'tan(0/1.6), h=1.6ftan(6/2), and h=2f"tan(6/2) are non-linear. Exhibit 1003,
Nagaoka Figs. 3A and 3B.

106. Nagaoka further discloses “[ T ]he image height he of the image Me at a

peripheral portion of the fisheye lens 1 having the relationship of h=2ftan(6/2) in
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accordance with the present invention is enlarged and larger than the image height
ho of the image Mo near the optical axis, a larger volume of image data can be
obtained in comparison with the conventional fisheye lens, and the obtained image
is not distorted” Exhibit 1003, Nagaoka col. 6 lines 46-52, and Fig. 3A.

107. A person of ordinary skill in the relevant art would have understood
that the fisheye lens 1 of Nagaoka having the relationship of h=2ftan(6/2) would
have a maximum divergence of at least £10% compared to a linear distribution
function.

108. Nagaoka discloses a panoramic objective lens with a distribution
function having a maximum divergence of at least +10% compared to a linear
distribution function. Specifically, a lens having the function h=1.2f'tan(6/1.6) has
a maximum divergence of at least 18% (see § 92 above), a lens having the function
h=1.6ftan(6/2) has a maximum divergence of at least 16% (see 93 above), and a
lens having the function h=2f'tan(6/2) has a maximum divergence of at least 24%
when the focal length is f=1, and a maximum divergence of at least 17% when the
focal length is =0.79 (see 9§ 94 above).

109. Nagaoka discloses a panoramic objective lens that projects a panoramic
image with at least one substantially expanded zone and at least one substantially

compressed zone. Specifically, the lenses having the functions h=1.2f'tan(0/1.6),
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h=1.6ftan(0/2), and h=2f"tan(6/2) (using f=0.79) all have a substantially expanded
zone and a substantially compressed zone compared to the linear function h=f-6.

110. Nagaoka further discloses all of the elements recited in claims 2, 4, 6,
18, 20 and 22 of the ‘990 patent.

111. Nagaoka further discloses a panoramic objective lens with a non-linear
distribution function that is symmetrical relative to the optical axis of the objective
lens, the position of an image point relative to the center of the image varying
according to the field angle of the corresponding object point. The lenses having
the functions h=1.2ftan(6/1.6), h=1.6f'tan(6/2), and h=2f"tan(6/2) are symmetrical
relative to the optical axis of the objective lens, and the position of an image point
relative to the center of the image varies according to the field angle of the
corresponding object point. Fig. 4A also shows that the non-linear distribution
function h=2f'tan(6/2) is symmetrical relative to the optical axis.

112. Nagaoka further discloses a panoramic objective lens that expands the
edges of the image and compresses the center of the image. The lenses having the
functions h=1.2f-tan(0/1.6) and h=1.6f-tan(6/2) expand the edges of the image and
compress the center of the image.

113. Nagaoka further discloses a panoramic objective lens in which a set of

lenses form an apodizer. As shown in Fig. 2, the lens system controls the angular
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distribution of the panoramic objective lens to obtain a nonlinear distribution
function.

114. In view of the above, all of the elements disclosed by and/or recited in
claims 1, 2, 4, 6, 17, 18, 20 and 22 of the ‘990 patent would have been obvious to a
person of ordinary skill in the relevant art in view of the teachings of Nagaoka.

115. In particular, a person of ordinary skill in the relevant art would have
known that the lenses having the functions h=1.2ftan(6/1.6), h=1.6f'tan(6/2), and
h=2ftan(0/2)(using f=.79) have a substantially expanded zone and a substantially
compressed zone.

IX. U.S. PATENT NO. 3,953,111 (“FISHER”)(Exhibit 1004)

116. The Fisher patent issued on April 27, 1976, based on an application
filed on November 4, 1974. As such, it is prior art to the '990 patent.

117. Fisher wants to solve a problem opposite to that faced by Nagaoka,
namely, how to expand the resolution of the central portion of an image formed by
a fisheye lens and compress the information displayed on the horizon. Fisher
solves this problem by using a non-linear lens.

118. Fisher discloses: “A non-linear lens possesses distortion characteristics
which are such that objects along the optical axis of the lens occupy

disproportionately large areas of the image cast by the lens, whereas objects near
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the periphery of the field of view occupy a disproportionately small area of the
image.” Exhibit 1004, Fisher Abstract; col. 2, lines 5-10.

119. Fisher discloses: “The lens of the present invention (FIGS. 6 and 7)
provides non-linear image distortion characteristics over an extremely wide field of
view which approaches 160°.” Exhibit 1004, col. 2, lines 56-57.

120. Fisher also discloses “The image cast by the lens falls on the vidicon of
a television camera where it is scanned and transmitted to a projector.” Exhibit
1004, Abstract. Fisher further discloses “The distorted image formed by the non-
linear lens exists in an image plane p located beyond the third lens grouping C. The
vidicon of the television camera should be at this plane p.” Exhibit 1004, col. 6,
lines 51-54; Abstract; col. 4, lines 35-45.

121. A vidicon is a camera tube in which a charge-density pattern is formed
by photoconduction and stored on a photoconductor surface that is scanned by an
electron beam, usually of low-velocity electrons: used chiefly in industrial
television cameras. See McGraw-Hill Dictionary of Scientific and Technical

Terms (5th Ed., 1994, p. 2134) (copy attached as Appendix B).
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122. Fisher Fig. 6 is depicted below:

™~

FIG.6

123. Fisher Fig. 6 depicted above depicts a non-linear panoramic objective
lens. Exhibit 1004, col. 5, lines 44-45.

124. Fisher discloses that the lens surfaces R; and R; in the above non-linear
lens are non-spherical (aspherical): “The first lens grouping A (FIG. 6) consists of
three lens elements a, b, and ¢ with no air gaps between adjacent elements. The
outside lens element a has a non-spherical surface R; exposed outwardly and a
spherical surface R, presented inwardly against a matching surface R, on the
intermediate element b. The opposite surface R; of the intermediate element b is
non-spherical and abuts a matching surface R; on the inside element ¢.” Exhibit

1004, Fisher col. 5, line 61 — col. 6, line 1.
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125. In his graph in Fig. 3 shown below Fisher shows “the distortion
characteristics of the lens of the present invention in terms of normalized image

height and field of view and comparing such distortion characteristics with the

b

distortion characteristics of a linear fisheye lens and a conventional camera lens.’

Ex 1004, Fisher col. 2, lines 38-43.
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126. “[W]ith a non-linear lens of the present invention the image height is
equal to a variable function of the field angle (FIG. 3). The relationship is
approximated by the formula H=sin'”0.” Ex 1004, Fisher col. 3, lines 1-4.

127. Based on the information depicted in Fig. 3, it is clear that this non-
linear lens has a distribution function whose maximum divergence is much greater

than 10% compared to a linear distribution function (fisheye lens).

38

Panasonic Exhibit 1013 Page 38 of 76


RUMIKOW
Text Box
Panasonic Exhibit 1013 Page 38 of 76


128. “FIG. 4 below is a graphic representation of the non-linear distortion
characteristics and showing how equal increments on the image plane correspond
to unequal increments in the field of view.” Ex 1004, Fisher col. 2, lines 44-47.
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FIG. 4

129. As shown in Fisher Fig. 4 depicted above (Exhibit 1004), unequal
angular increments in the object space of the non-linear lens produce equal image-
length increments in the image plane of the lens. Adjacent rays in the object space
separated by small angles (labeled as 0.1, 0.2, etc. on the left side of the figure) and
those separated by large angles (labeled as 0.9 and 1.0 on the bottom left of the
figure) all produce equal image increments in the image plane (shown on the right

side of the figure).
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130. The plot below further shows that a lens with the nonlinear distribution
function H=sin "0 noted in Fisher’s Fig. 3 produces an expanded zone and a

compressed zone relative to a linear distribution.

Gradient of the non-linear function
h =[sin(theta)]
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131. As shown in Fisher Fig. 4, as well as in the plot above, Fisher (Exhibit
1004) discloses a panoramic objective lens that projects a panoramic image with at
least one substantially expanded zone and at least one substantially compressed
zone. The expanded zone will be in the central region of the image, and the
compressed zone will be on the periphery of the image.

132. Fisher discloses all of the elements recited in claims 1 and 17 of the
‘990 patent.

133. Fisher discloses a panoramic objective lens and a method for capturing
a digital panoramic image. Fisher discloses that the camera is fitted with a non-

linear lens. Exhibit 1004, Fisher col. 3, lines 48-49, Fig. 3.
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134. Fisher discloses projecting a panorama onto an image sensor by means
of a panoramic objective lens. Exhibit 1004, Fisher col. 3, lines 48-49, Fig. 3.

135. Fisher discloses a panoramic objective lens having an image point
distribution function that is not linear relative to the field angle of object points of
the panorama. Exhibit 1004, Fisher col. 3, lines 1-3, Fig. 3.

136. Fisher discloses “The present invention relates in general to lenses and
more particularly to a lens having non-linear distortion characteristics.” Exhibit
1004, Fisher col. 1, lines 9-11.

137. Fisher discloses “One of the principal objects of the present invention is
to provide a lens having non-linear distortion characteristics.” Exhibit 1004, Fisher
col. 2, lines 6-8.

138. Fisher further discloses: “[ W]ith a non-linear lens of the present
invention the image height is equal to a variable function of the field angle (FIG.
3). The relationship is approximated by the formula H=sin'"0. Thus, objects
centered along the optical axis of the non-linear lens L cast a much larger image
than objects located near the periphery of the field of view with the size
diminishing as the angle from the optical axis increases. The result of the distortion
is that objects along the optical axis occupy a disproportionately large share of the
image cast by the lens when compared with other objects closer to the periphery of

the field of view for the lens.” Exhibit 1004, Fisher col. 3, lines 1-12.
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139. Fisher discloses a panoramic objective lens that projects a panoramic
image with at least one substantially expanded zone and at least one substantially
compressed zone. Exhibit 1004, Fisher Figs 3 and 4; col. 3, lines 1-12.

140. Fisher discloses: “The present invention is embodied in a lens which
distorts a field of view such that objects in the vicinity of the optical axis occupy a
disproportionately large area of the image cast by the lens and objects in the
peripheral region of the field of view occupy a disproportionately small area of the
image.” Exhibit 1004, Fisher col. 2, lines 19-24.

141. Fisher discloses all of the elements recited in claims 2, 3, 6, 7, 18, 19,
22 and 23 of the ‘990 patent.

142. Fisher discloses a panoramic objective lens with a non-linear
distribution function that is symmetrical relative to the optical axis of the objective
lens, the position of an image point relative to the center of the image varying
according to the field angle of the corresponding object point. Exhibit 1004, Fisher
Figs. 4 and 6.

143. Fisher discloses a panoramic objective lens that expands the center of
the image and compresses the edges of the image. Exhibit 1004, Fisher Fig. 4; col.
2, lines 19-24.

144. Fisher discloses a panoramic objective lens in which a set of lenses

form an apodizer. Exhibit 1004, Fisher Figs. 4 and 6.
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145. Fisher discloses a panoramic objective lens in which a set of lenses
forming an apodizer comprises at least one aspherical lens. Exhibit 1004, Fisher
Fig. 6, col. 5, lines 63-68. As shown in Fig. 6, at least lens elements “a” and “c” are
aspherical (i.e., Ry, R3).

146. Aspherical lenses were well known in the prior art. For example, see
Fisher, Exhibit 1004, Fisher col. 5, line 61 — col. 6, line 1.

147. 1t would have been obvious to a person of ordinary skill in the relevant
art as a matter of mere design choice to use at least one aspherical lens to change
the angular distribution of a panoramic objective lens.

148. In view of the above, all of the elements disclosed by and/or recited in
claims 1, 2, 3,6, 7,17, 18, 19, 22 and 23 of the ‘990 patent would have been
obvious to a POSA in view of the teachings of Fisher.

149. In particular, a panoramic lens having a non-linear distribution function
with a maximum divergence of at least £10% compared to a linear distribution
function, where the projected panoramic image has at least one substantially
expanded zone and at least one substantially compressed zone would have been

obvious to a person of ordinary skill in the relevant art at the time of the invention

in view of the teachings of Fisher.
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X.  U.S. PATENT NO. 6,031,670 (“INOUE”)(Exhibit 1007)

150. U.S. Patent No. 6,031,670 discloses making wide angle lenses from
PMMA. Exhibit 1007, Inoue, col. 2, lines 42-44. PMMA was thus well known in
the prior art as a material which could be used to fabricate lenses. The ‘990 patent
discloses, albeit in a grammatically unclear fashion, that PMMA and
polymethacylate are either the same or equivalent for use in wide angle lenses.
Thus, it would have been obvious to a person of ordinary skill in the art that the
lenses disclosed in Baker and Nagaoka could be interchangeably made from
PMMA or polymethacylate.

IX. CONCLUSIONS

151. Thave been informed and understand that a patent claim is anticipated
if each element of that claim is present either explicitly or inherently in a single
prior art reference. As explained in detail below, claims 1, 2, 4, 6, 7, 17, 18, 20, 22
and 23 of the ‘990 patent are anticipated by one or more prior art references.

152. Baker (Exhibit 1002) discloses each and every element recited in claim
1,2,4,6,17, 18, 20 and 22 of the ‘990 patent. Therefore Baker anticipates claims
1,2,4,6,17, 18,20 and 22 of the ‘990 patent.

153. Additionally, in view of the teachings of Baker (Exhibit 1002), claims
1,2,4,6,17,18, 20 and 22 of the ‘990 patent would also have been obvious

because a person of ordinary skill in the relevant art at the time of invention would
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have understood that a lens that provides a five-fold increase in resolution for the
lowest 15 degrees up from the horizon, as disclosed in Baker, will always have a
maximum divergence of at least £10% compared to a linear distribution function.

154. Nagaoka (Exhibit 1003) discloses each and every element recited in
claim 1, 2, 4, 6, 17, 18, 20 and 22 of the ‘990 patent. Therefore Nagaoka
anticipates claims 1, 2, 4, 6, 17, 18, 20 and 22 of the ‘990 patent.

155. Additionally, in view of the teachings of Nagaoka (Exhibit 1003),
claims 1, 2,4, 6, 17, 18, 20 and 22 of the ‘990 patent would also have been
obvious because a person of ordinary skill in the relevant art at the time of
invention would have been able to determine the maximum divergence of a non-
linear distribution function of a lens compared to a linear distribution function, and
then determine whether such lens would project an image with a substantially
expanded zone and a substantially compressed zone compared to the linear
function h=£-9.

156. Fisher (Exhibit 1004) discloses each and every element recited in claim
1,2,3,6,7,17, 18, 19, 22 and 23 of the ‘990 patent. Therefore Fisher anticipates
claims 1, 2, 3,6, 7,17, 18, 19, 22 and 23 of the ‘990 patent.

157. Additionally, in view of the teachings of Fisher (Exhibit 1004), claims
1,2,3,6,7,17, 18, 19, 22 and 23 of the ‘990 patent would also have been obvious

to a person of ordinary skill in the relevant art at the time of invention because
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there are no differences between the prior art and the claims at issue. Additionally,
at the time of invention, a person of ordinary skill in the relevant art would have
known that electronic images could be stored digitally.

158. 1 have also been informed and understand that a patent claim is obvious
if, at the time the invention was made, it would have been obvious to one of
ordinary skill in the art in light of the teachings of the prior art to which the
claimed invention pertains. | have further been informed that the analysis of
obviousness involves several factual inquiries: the scope and content of the prior
art, the differences between the prior art and the claims, the level of ordinary skill
in the art at the time of the invention, and certain additional “secondary”
considerations, to the extent that they may exist.

159.1 have also been informed and understand that, in seeking to determine
whether an invention, which is a combination of known elements, would have been
obvious to a person of ordinary skill in the art at the time of the invention, one
must consider references in their entirety to ascertain whether the disclosures in
those references suggest the combination. When those references disclose the
combination -- as is the case, for example, when all of the features of what the
patent claims are old and the prior art collectively suggests the desirability of
adding features to an old system, or modifying certain aspects of the old system, to

achieve what the patent claims -- a finding of obviousness is warranted.
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160. If it is determined that Fisher does not disclose capturing a “digital”
panoramic image as recited in the beginning of claim 1, claims 1, 2, 3, 6 and 7 of
the ‘990 patent would still have been obvious to a person of ordinary skill in the
relevant art at the time of invention over Fisher (Exhibit 1004) in view of Baker
(Exhibit 1002) because Baker discloses capturing a digital panoramic image (Ex.
1002 8:62-65; 2:35-39; 10:55-57; 14:32-36) and it would have been obvious to a
person of ordinary skill in the relevant art to digitally capture the image projected
by Fisher as disclosed by Baker.

161. Claim 25 would have been obvious to a person of ordinary skill in the
relevant art as a matter of mere design choice in view of Baker (Exhibit 1002) or
Nagaoka (Exhibit 1003) with Inoue (Exhibit 1007).

162. 1 reserve the right to supplement my opinions in the future to respond to
any arguments that Patentee raises and to take into account new information as it

becomes available to me.

I declare that all statements made herein of my own knowledge are true and
that all statements made on information and belief are believed to be true; and
further that these statements were made with the knowledge that willful false
statements and the like so made are punishable by fine or imprisonment, or both,

under Section 1001 of Title 18 of the United States Code.
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I declare under penalty of perjury that the foregoing is true and correct.

Rue 12, sty CUP‘Q Ve 7

Date Jack Feinberg, Ph. D.
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APPENDIX A
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Appendix A
JACK FEINBERG

Professor
Departments of Physics and Astronomy
and Electrical Engineering
University of Southern California
Los Angeles, California
feinberg@usc.edu
213-740-1134

EMPLOYMENT

UNIVERSITY OF SOUTHERN CALIFORNIA, LOS ANGELES, CALIFORNIA:
Full Professor of Physics and Electrical Engineering (1991 - present)
Associate Professor of Physics and Electrical Engineering (1990)

Associate Professor of Physics with tenure (1986 to 1989)
Assistant Professor of Physics (1981 to 1986)

Research Assistant Professor (1979 to 1981)
Post-Doctoral Research Associate (1977 to 1979)

EDUCATION

UNIVERSITY OF CALIFORNIA, BERKELEY:
Ph.D. Physics, December 1977.
Thesis Advisor: Professor Sumner P. Davis.
“Laser-Induced Fluorescence in Titanium Oxide: Lifetimes, Collisions, and
Intercombinations.”

COLUMBIA UNIVERSITY. NEW YORK:
B. A. June 1972

Summa Cum Laude, Physics.
GPA:3.9

SERVICE & HONORS
Co-Chairman: Meeting on Controlling Light with Light: Photorefractive Effects,
Photosensitivity, Fiber Gratings, and Photonic Materials (2007).
Winner: Discover Award for Technological Innovation in the field of Sight (1995).
Co-Chairman: Meeting on Photorefractive Materials, Effects and Devices (1995).
Guest Editor, Journal of the Optical Society of America (1990-1992).
Fellow of the Optical Society of America (1990).
Chairman: Gordon Research Conference on Nonlinear Optics (1989).
Associate Editor, Optics Letters (1990 - 1995).
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PATENTS

13.

12.

1.

10.

“Tuning of optical dispersion by using a tunable fiber Bragg grating,” United States
Patent No. 6,453,095, issued September 17, 2002.

“Circumferentially Varying Mask and Fabrication of Fiber Gratings using a Mask,”
United States Patent No. 6,344,298, issued February 5, 2002.

“Tunable Dispersion Compensator Based on a Nonlinearly-Chirped Fiber Bragg
Grating,” United States Patent No. 5,982,963, issued November 9, 1999.

“Near-Ultra-Violet Formation Of Refractive-Index Grating Using Reflective Phase
Mask,” United States Patent No. 5,745,617, issued April 28, 1998.

“Optical Amplification System With Non-Orthogonal Signal And Distributed Multipump
Beams And Photorefractive Cleanup,” United States Patent No. 5,729,375 issued March
17, 1998.

“Hybrid Laser Power Combining And Beam Cleanup System Using Nonlinear And
Adaptive optical Wavefront Compensation,” United States Patent No. 5,717,516 issued
February 10, 1998.

“Laser System With Phase-Conjugator Enhanced Output,” United States Patent No.
5,430,748 issued July 4, 1995.

“Method of Imaging Through a Scattering Medium using Coherent Light,” United States
Patent No. 5,313,315 issued May 17, 1994.

“Nonlinear Optical Microscope,” United States Patent No. 5,005,927 issued April 9,
1991.

“Phase Conjugate Communication Using Mutually Incoherent Laser Beams,” United
States Patent No. 4,953,954 issued September 4, 1990.

“Optical Novelty Filter,” United Sates Patent No. 4,773,719 issued September 27, 1988.

“Phase Coupling Multiple Lasers,” United States Patent No. 4,648,092 issued March 3,
1987.

“Phase Conjugation Using Internal Reflection,” United States Patent No. 4,500,855
issued February 19, 1985.
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PUBLICATIONS

93.

92.

91.

90.

&9.

88.

87.

86.

85.

&4.

&3.

82.

“Analysis of light scattering by red blood cells in ektacytometry using global pattern
fitting,” M. Rabai, H. J. Meiselman, R. B. Wenby, J. A. Detterich, and J. Feinberg,
Biorheology 49 (5-6) pp. 317-328 (2012).

“Phase-matched third-harmonic UV generation using low order modes in a glass
microfiber,” V. Grubsky and J. Feinberg, Optics Communications 274, pp. 447-450
(2007).

“Fabrication of Axially Symmetric Long-Period Gratings With a Carbon Dioxide Laser,”
V. Grubsky and J. Feinberg, IEEE Photonics Technology Letters 18, pp. 2296-2298
(2006).

“Rewritable Densification Gratings in Boron-Doped Fibers,” V. Grubsky and J. Feinberg,
Optics Letters 30, pp. 1279-1281 (2005).

“Real-time group-velocity dispersion monitoring and automated compensation without
modifications of the transmitter,” Z. Pan, Y. Xie, S.A. Havstad, Q. Yu, A.E. Willner, V.
Grubsky, D.S. Starodubov, J. Feinberg, Optics Communications 230, pp. 145-149
(2004).

“40-nm-wide Tunable Fiber Ring Laser with Single-Mode Operation Using A Highly
Stretchable FBG,” Y.W. Song, S.A. Havstad, D. Starodubov, Y. Xie, A.E. Willner, J.
Feinberg, IEEE Photonics Technology Letters 13, pp. 1167-1169 (2001).

“All-Fiber WDM Optical Crossconnect using Ultrastrong Widely-Tunable FBGs,” Y. W.
Song, Z. Pan, D. Starodubov, V. Grubsky, E. Salik, S.A. Havstad, Y. Xie, A. E. Willner,
and J. Feinberg, IEEE Photonics Technology Letters 13, pp. 1103-1105 (2001).

“Spectrally-Efficient L-C Band EDFA Having a Seamless Inter-Band Channel Region
Using Sampled FBGs,” Y. Xie, Z. Pan, A.E. Willner, E. Salik, V. Grubsky, D.
Starodubov, and J. Feinberg, IEEE Photonics Technology Letters 13, pp. 436-438
(2001).

“Increase of photosensitivity in Ge-doped fibers under strain,” E. Salik, D. S. Starodubov,
J. Feinberg, Optics Letters 25, pp. 1147-1149 (2000).

“Tunable Compensation of the Dispersion Slope Mismatch in Dispersion- Managed
Systems using a Sampled Nonlinearly-Chirped FBG,” Y. Xie, S. Lee, Z. Pan, J.X. Cai,
A.E. Willner, V. Grubsky, D.S. Starodubov, E. Salik, and J. Feinberg, IEEE Photonics
Technology Letters 12, pp. 1417-1419 (2000).

“Long-period fiber gratings with variable coupling for real-time sensing applications,” V.
Grubsky and J. Feinberg, Optics Letters 25, pp. 203-205 (2000).

“Reconfigurable All-Optical Packet Header Recognition and Routing using Time-to-

Wavelength Mapping and Tunable Fiber Bragg Gratings for Correlation Decoding,”
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81.

80.

79.

78.

77.

76.

75.

74.

73.

72.

M.C. Cardakli, S. Lee, A.E. Willner, V. Grubsky, D. Starodubov, and J. Feinberg, IEEE
Photonics Technology Letters 12, pp. 552-554 (2000).

“Adjustable Compensation of Polarization Mode Dispersion Using a High-
Birefringence, Nonlinearly-Chirped Fiber Bragg Grating,” S. Lee, R. Khosravani, J.
Peng, V. Grubsky, D.S. Starodubov, A.E. Willner, and J. Feinberg, IEEE Photonics
Technology Letters 11, pp. 1277-1279 (1999).

“Simultaneous Tunable Dispersion Compensation of Many WDM Channels Using a
Sampled Nonlinearly-Chirped Fiber-Bragg-Grating,” J.-X. Cai, K.-M. Feng, A.E.
Willner, V. Grubsky, D.S. Starodubov, and J. Feinberg, IEEE Photonics Technology
Letters 11, pp. 1455-1457 (1999).

“Control Monitoring of Routing Bits and Data Packets in WDM Networks Using
Wavelength-to-Time Mapping,” X. Jiang, M. Cardakli, K.M. Feng, J.X. Cai, A.E.
Willner, V. Grubsky, D.S. Starodubov, and J. Feinberg, IEEE Photonics Technology
Letters 11, pp. 1186-1188, (1999).

“Ultrastrong fiber gratings and their applications,” D. S. Starodubov, V. Grubsky, and J.
Feinberg, Proceeding of the SPIE Proceedings Vol 3848, 178-185 (1999).

“Picosecond pulse generation at two wavelengths by simultaneous active mode locking in
an Er-doped fiber laser with wide-bandwidth (>1 nm) nonchirped fiber Bragg gratings,”
O. Deparis, R. Kiyan, E. Salik, D. S. Staodubov, J. Feinberg, O. Pottiez, P. Megret, and
M. Blondel, SPIE Proceedings, Vol 3847, 16-22 (1999).

“Photochemical reaction of hydrogen with germanosilicate glass initiated by 3.4 — 5.4 eV
ultraviolet light,” V. Grubsky, D. S. Starodubov, and J. Feinberg, Optics Letters 24, 729-
731 (1999).

“Dynamic dispersion compensation in a 10-Gb/s optical system using a novel voltage
tuned nonlinearly chirped fiber Bragg grating,” K.-M. Feng, J.-X. Cai, V. Grubsky, D. W.
Starodubov, M. 1. Hayee, S. Lee, X. Jiang, A. E. Willner, and J. Feinberg, IEEE
Photonics Technology Letters 11, 373-375 (1999).

“Fabrication of long-period fiber gratings with no harmonics,” V. Grubsky, A. Skorucak,
D. S. Starodubov, and J. Feinberg, IEEE Photonics Technology Letters 11, 87-89,
(1999).

“One-dimensional photonic crystals for CDMA,” Shamino Wang, H. Erlig, H. Fetterman,
V. Grubsky, and J. Feinberg, SPIE Proceedings Vol. 3228, 407-416 (1998).

“Group velocity dispersion cancellation and additive group delays by cascaded fiber
Bragg gratings in transmission,” S. Wang, H. Erlig, H. Fetterman, E. Yablonovich, V.

Grubsky, D. S. Starodubov, J. Feinberg, IEEE Microwave and Guided Wave Letters 8,
327-329 (1998).
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71.

70.

69.

68.

67.

66.

65.

64.

63.

62.

61.

60.

59.

“All-fiber bandpass filter with adjustable transmission using cladding mode coupling,” D.
S. Starodubov, V. Grubsky, and J. Feinberg, IEEE Photonics Technology Letters 10,
1590-1592 (1998).

“Measurement of the spectral reflectivity of a self-pumped phase conjugator,” D. Noraev,
P. Lambelet, J. Feinberg, J. of the Optical Society of America-B 15, 2376-2382 (1998).

“Ballistic light imaging with temporal holography: Using causality to see through a
scattering medium,” J. Feinberg and A. Rebane, in Imaging Brain Structure and Function
edited by Lester, Felder and Lewis, Annals of the New York Academy of Sciences, 82,
272-285 (1997).

“Powerful, diffraction-limited semiconductor laser using photorefractive beam coupling,”
S. MacCormack. G. D. Bacher, J. Feinberg, S. O’Brien, R. J. Lang, M. B. Klein, B. A.
Wechsler, Optics Letters 22, 1-3 (1997).

“Efficient bragg grating fabrication in a fiber through its polymer jacket using near-uv
light,” D. S. Starodubov, V. Grubsky, and J. Feinberg, Electronics Letters 33, 1331-
1333 (1997).

“Bragg grating fabrication in germanosilicate fibers using near-UV light: a new pathway
for refractive index changes,” D. S. Starodubov, V. Grubsky, J. Feinberg, B. Kobrin and
S. Juma, Optics Letters 22, 1086-1088 (1997).

“Phase of second-harmonic light self-generated in a glass fiber,” P Lambelet and J.
Feinberg, Optics Letters 21, 925-928 (1996).

“Anisotropy of the hole drift mobility in barium titanate,” D. Mahgerefteh, D. Kirillov, R.
S. Cudney, G. D. Bacher, R. M. Pierce, and J. Feinberg, Physical Review B-53 7094-
7098 (1996).

“Mapping of 180° domains hidden in a BaTiO3 crystal,” V. Grubsky, S. MacCormack,
and J. Feinberg, Optics Letters 21, 6-8 (1996).

“Eminent Domains,” MacCormack and Feinberg, in Science 270, (1995).

“Revealing 180° domains in ferroelectric crystals by photorefractive beam coupling,” S.
MacCormack and J. Feinberg, Applied Optics 35, 5961 - 5963 (1996).

“Measurement of the phase of second-harmonic generation in SK5 glass,” V. Dominic, P.
Lambelet, and J. Feinberg, Optics Letters 20, 444-446 (1995).

“Effect of beam coherence on mutually pumped phase conjugators,” S. C. de la Cruz, S.

MacCormack, J. Feinberg, Q. B. He, H. K. Liu, and P. Yeh, J. Optical Society of
America-B 12, 1363-1369 (1995).
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58.

57.

56.

55.

54.

53.

52.

51.

50.

49.

48.

47.

46.

45.

44,

“High-resolution map of the dc electric field in second-harmonic-generating glass,” V.
Dominic and J. Feinberg, J. of the Optical Society of America-B11, 2016-2022 (1994).

“Injection locking a laser-diode array with a phase-conjugate beam,” S. MacCormack, J.
Feinberg, and M. H. Garrett, Optics Letters 19, 120-122 (1994).

“Light-induced second-harmonic generation in glass via multiphoton ionization,” V.
Dominic and J. Feinberg, Physical Review Letters 71, 3446-3449 (1993).

“Limitations on peak pulse power, pulse width, and coding mask misalignment in a fiber-
optic code-division multiple access system,” X. S. Yao, J. Feinberg, R. Logan, and L.
Maleki, Journal of Lightwave Technology 11, 836-846 (1993).

“Spatial shape of the dc electric field produced by intense light in glass,” V. Dominic and
J. Feinberg, Optics Letters 18, 784-786 (1993).

“Temporal shaping of optical pulses using beam coupling in a photorefractive crystal,”
X.S. Yao and J. Feinberg, Optics Letters 18, 622-624 (1993).

“High-brightness output from a laser-diode array coupled to a phase-conjugating mirror,”
S. MacCormack and J. Feinberg, Optics Letters 18, 211-213 (1993).

“Photorefractive pulse coupling in the frequency domain,” X. S. Yao and J. Feinberg,
Optics Letters 18, 104-106 (1993).

“Simple in-line method to measure the dispersion of an optical system,” X. S. Yao and J.
Feinberg, Applied Physics Letters 62, 811-813 (1993).

“Growth rate of second-harmonic generation in glass,” V. Dominic and J. Feinberg,
Optics Letters 17, 1761-1763 (1992).

“Intensity dependence of the photogalvanic effect in barium titanate,” R. S. Cudney,
R.M. Pierce, G. D. Bacher, D. Mahgerefteh, and J. Feinberg, Journal of the Optical
Society of America-B 9, 1704-1713 (1992).

“Measurement of the photorefractive phase shift,” R. S. Cudney, G. D. Bacher, R. M.
Pierce, and J. Feinberg, Optics Letters 17, 67-69 (1992).

“Self-bending of light beams in photorefractive phase conjugators,” V. V. Eliseev, A. A.
Zozulya, G. D. Bacher, and J. Feinberg, Journal of the Optical Society of America-B 9,
398-404 (1992).

“Fixable complementary gratings in photorefractive BaTiO3,” D. Kirillov and J.
Feinberg, Optics Letters 16, 1520-1522 (1991).

“Time-Resolved Holography,” A. Rebane and J. Feinberg, Nature 351, 378-380 (1991).

55

Panasonic Exhibit 1013 Page 55 of 76


RUMIKOW
Text Box
Panasonic Exhibit 1013 Page 55 of 76


43.

42.

41.

40.

39.

38.

37.

36.

35.

34.

33.

32.

31.

30.

“Absorption gratings in photorefractive crystals having multiple levels,” R. S. Cudney,
R.M. Pierce, G. D. Bacher, and J. Feinberg, Journal of the Optical Society of America-
B 8, 1326-1332 (1991).

“Explanation of the apparent sublinear photoconductivity of photorefractive barium
titanate,” D. Mahgerefteh and J. Feinberg, Physical Review Letters 64, 2195-2198
(1990).

“Mutually-pumped phase conjugation in photorefractive strontium barium niobate: theory
and experiment,” M. D. Ewbank, R. A. Vazquez and R. R. Neurgaonkar, and J. Feinberg,
Journal of the Optical Society of America-B 7, 2306-2316 (1990).

“Measuring photorefractive trap density without the electrooptic effect,” R. M. Pierce, R.
S. Cudney, G. D. Bacher, and J. Feinberg, Optics Letters 15, 414-416 (1990).

“Theory of beam coupling and pulse shaping of short optical pulses in a photorefractive
crystal,” X. S. Yao, V. Dominic, and J. Feinberg, Journal of the Optical Society of
America-B 7, 2347-2355, (1990).

“Real-Time Measurement of the Coherence Length of a Modelocked Laser,” V. Dominic,
X. S. Yao, R. M. Pierce, and J. Feinberg, Applied Physics Letters, 56, 521 (1990).

“The Photorefractive Effect,” D. M. Pepper, J. Feinberg, and N. V. Kukhtarev, Scientific
American, October (1990).

“Optical Novelty Filters,” D. Z. Anderson and J. Feinberg, IEEE J. of Quantum
Electronics 25, 635-647 (1989).

“Photorefractive Speed and Coasting at High Optical Power in Barium Titanate,” D.
Mahgerefteh and J. Feinberg, Optics Letters, 13, 1111 (1988).

“Photorefractive Nonlinear Optics,” J. Feinberg, October, 1988 issue of Physics Today
(also the cover).

“Phase-conjugate mirrors and resonators with photorefractive materials,” J. Feinberg and
K. R. MacDonald, Chapter 5 of Photorefractive Materials and Applications, Topics in
Applied Physics volume 62, Springer-Verlag, 1989. (This article is about 50 pages.)

“The Transient Detection Microscope,” R. S. Cudney, R. M. Pierce, and Jack Feinberg,
Nature 332, 424 (1988) (cover story of Nature).

“Stimulated photorefractive scattering and optical phase conjugation,” J. Feinberg, Laser
Optics of Condensed Matter, Edited by Birman, Cummins, and Kaplyanskii, pp.399-
409 (Plenum Press, 1988).

“Optical Tracking Novelty Filter,” D. Z. Anderson, D. M. Lininger, and J. Feinberg,
Optics Letters 12, 123-125 (1987).
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29.

28.

27.

26.

25.

24.

23.

22.

21.

20.

19.

18.

17.

16.

“Electrooptic and piezoelectric measurements in barium titanate and strontium-barium
niobate,” S. Ducharme and J. Feinberg, IEEE J. of Quantum Electronics, QE-23, 2116
(1987).

“Photorefractive properties of Strontium-Barium Niobate,” M. D. Ewbank, R. R.
Neurgaonkar, W. K. Cory, and J. Feinberg, Journal of Applied Physics, 62, 374 (1987).

“Dancing modes & frequency shifts in a phase conjugator,” Optics J. P. Jiang and J.
Feinberg, Letters, 12, 266 (1987).

“Photorefractive Conical Diffraction in BaTiO3,” M. D. Ewbank, P. Yeh, and J.
Feinberg, Optics Communications 59, 423 (1986).

“Phase-Locking Lasers with Phase Conjugation,” J. Feinberg and G. D. Bacher, Applied
Physics Letters, 48, 570 (1986).

“Altering the Photorefractive Properties of BaTiO3 by Reduction and Oxidation at
650°C,” S. P. Ducharme and J. Feinberg, J. of Optical Society of America-B, 3, 283
(1986).

“Enhanced four-wave mixing using frequency-shifted optical waves in photorefractive
BaTiO3,” K. R. MacDonald and J. Feinberg, Physical Review Letters 55, 821 (1985).

“Time-reversal by an interferometer with coupled phase-conjugate mirrors,” M. D.
Ewbank, P. Yeh, M. Khoshnevisan, and J. Feinberg, Optics Letters 10, 282 (1985).

“Applications of Real-Time Holography,” J. Feinberg, SPIE Critical Review of
Technology 532, 119 (1985).

“Self-scanning of a continuous wave dye laser having a phase conjugating resonator
cavity,” J. Feinberg and G. D. Bacher, Optics Letters 9, 420 (1984).

“Wavelength response, feedback, and interference effects of self-pumped phase
conjugation in BaTiO3,” F. C. Jahoda, P. G. Weber, and J. Feinberg, Optics Letters 9,
362 (1984).

“Speed of the Photorefractive Effect in a BaTiO3 Single Crystal,” S. P. Ducharme and J.
Feinberg, Journal of Applied Physics 56, 839 (1984).

“Asymmetric Transmission through a Photorefractive Crystal of Barium Titanate,” K. R.
MacDonald, J. Feinberg, Ming Zheng Zha, and P. Gunter, Optics Communications 50,
146 (1984).

“Interferometer with a self-pumped phase-conjugating mirror,” J. Feinberg, Optics
Letters 8, 569 (1983).
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15.

14.

13.

12.

11.

10.

“Optical Image Processing Using Four-Wave Mixing in Photorefractive Materials,” J.
Feinberg, Advances in Optical Information Processing, SPIE Proceedings 338, 106
(1983).

“Continuous-Wave Self-Pumped Phase Conjugator with a Wide Field of View,” J.
Feinberg, Optics Letters 8, 480 (1983).

“Optical Phase Conjugation in Photorefractive Materials,” J. Feinberg, Chapter 11 of
Optical Phase Conjugation, R. Fisher, Editor, Academic Press, 1983.

“Theory of a Self-Pumped Phase-Conjugator with Two Coupled Interaction Regions,” K.
R. MacDonald and J. Feinberg, Journal of the Optical Society of America, 73, 548
(1983).

“Imaging Through a Distorting Medium With and Without Phase Conjugation,” J.
Feinberg, Applied Physics Letters 42, 30 (1983).

“Self-Pumped, Continuous-Wave, Phase-Conjugation using Internal Reflection in
BaTiO3,” J. Feinberg, Optics Letters 7, 486 (1982).

“Asymmetric Self-Defocusing of an Optical Beam from the Photorefractive Effect,” J.
Feinberg, Journal of the Optical Society of America, 72, 46 (1982).

“Photorefractive-Index Gratings formed by Nanosecond Optical Pulses in BaTiO3,” L.
K. Lam, T. Y. Chang, J. Feinberg and R. W. Hellwarth, Optics Letters 6, 475 (1981).

“Phase-Conjugating Mirror with Continuous-Wave Gain,” J. Feinberg and R. W.
Hellwarth, Optics Letters 5, 519 (1980); 6, 257 (1981).

“Real-Time Edge Enhancement using the Photorefractive Effect,” J. Feinberg, Optics
Letters 5, 330 (1980).

“Photorefractive Effects and Light-Induced Charge Migration in Barium Titanate,” J.
Feinberg, D. Heiman, A. R. Tanguay, Jr., and R. W. Hellwarth, J. Applied Physics 51,
1297 (1980); 52, 537 (1981).

“Spatial-Diffusion Measurements in Impurity-Doped Solids by Degenerate Four-Wave
Mixing,” D. S. Hamilton, D. Heiman, J. Feinberg, and R. W. Hellwarth, Optics Letters
4, 124 (1979).

“Lifetime Measurement in the o System (C*As-X? A3) of TIO,” J. Feinberg and Sumner P.
Davis, Journal of Molecular Spectroscopy 69, 445 (1978).

“Lifetime Measurement in the p System (c'[] -a'A) of TiO,” JI. Feinberg and Sumner P.
Davis, Journal of Molecular Spectroscopy, 65, 264 (1977).
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1. “Lifetime of the ¢'[] State of Ti0,” J. Feinberg, M. G. Bilal, Sumner P. Davis, and John
G. Phillips, Astrophysical Letters 17, 147 (1976).

MOVIES AND VIDEOS

7. J. Feinberg, “Writing a grating in a fiber through its polymer coating,” (Marmot
Productions, Los Angeles, 1999).

6. V. Grubsky, S. MacCormack and J. Feinberg, “Dancing Domains,” (Marmot
Productions, Los Angeles, 1996).

5. V. Dominic and J. Feinberg, “Shape Of The Dc Electric Field Induced By Intense Light
In Glass,” VHS video (Marmot Productions, Los Angeles, 1993)

4. R. S. Cudney, R. M. Pierce, and J. Feinberg, “Nonlinear Optical Microscope (Dancing
Bugs),” VHS video (Marmot Productions, Los Angeles, 1988).

3. D. Z. Anderson, D. Lininger, and J. Feinberg, “Optical Tracking Novelty Filter,” VHS
video (Boulder, 1987).

2. J. Feinberg, “Dancing Modes,” 16mm color film (Marmot Productions, Los Angeles,
1986).

1. J. Feinberg and K. Thiel, “Laser with a Phase Conjugating Mirror,” 16mm color film

(Marmot Productions, Los Angeles, 1981).

CURRENT AND PAST GRADUATE STUDENTS

H. Aydin

S. C. de la Cruz

G. D. Bacher

R. Cudney

S. P. Ducharme

V. Dominic

V. Grubsky

J. P. Jiang

M. Loebel

P. Lambelet (post doc)

S. MacCormack (post doc)
K. R. MacDonald

D. Mahgerefteh

D. Noraev

R. M. Pierce (post doc)

E. Salik

A. Skorucak

D. S. Starodubov (post doc)
X.S. Yao
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CONFERENCES

152.

151.

150.

149.

148.

147.

146.

145.

144.

Invited talk, “Self-pumped Phase Conjugation and Laser Resonator Cavities” at the
conference of Photorefractive Materials, Effects and Applications: Light in Nonlinear
Structured Materials, in Ensenada, Mexico, Oct 13 — 15, 2011.

Contributed talk, "A Tunable Dispersion Compensator with Fixed Bandwidth for WDM
Systems Using a Uniform FBG," Y.W. Song, D. Starodubov, Z. Pan, Y. Xie, A. E.
Willner, and J. Feinberg, Conference on Lasers and Electro-Optics (CLEO), paper
CThO1, Baltimore, MD, May 2001 (Optical Society of America, Wash., D.C., 2001).

Contributed talk, "Performance Optimization of Chirped Return-to-Zero Format in 10-
Gb/s Terrestrial Transmission Systems," L. Yan, Y. Xie, Q. Yu, A. E. Willner, D. S.
Starodubov, and J. Feinberg, Conference on Optical Fiber Communications '01, paper
MF1, Anaheim, CA, March 2001 (Optical Society of America, Washington, D.C., 2001).

Contributed talk, "Chromatic Dispersion Monitoring and Automated Compensation for
NRZ and RZ Data using Clock Regeneration and Fading Without Adding Signaling," Z.
Pan, Q. Yu, Y. Xie, S.A. Havstad, A.E. Willner, D.S. Starodubov, and J. Feinberg,
Conference on Optical Fiber Communications '01, paper WHS5, Anaheim, CA, March
2001 (Optical Society of America, Washington, D.C., 2001).

Contributed talk, "A Single-Mode Erbium-Doped Fiber Ring Laser with 40-nm Tuning
Range using a Stretchable FBG," Y.W. Song, S.A. Havstad, D. Starodubov, Y. Xie, A.E.
Willner, and J. Feinberg, OSA Optical Amplifiers Meeting, paper OTuDS5, Quebec City
(Optical Society of America, Washington, D.C., 2000).

Contributed talk, "Spectrally-Efficient L-C Band EDFA Having a Continuous Inter-Band
Channel Region Using Sampled FBGs," Y. Xie, Z. Pan, A.E. Willner, E. Salik, V.
Grubsky, D. Starodubov, and J. Feinberg, Conference on Lasers and Electro-Optics
(CLEO), paper CWJ4, San Francisco, May 2000 (Optical Society of America, Wash.,
D.C., 2000).

Contributed talk, "Efficient WDM Optical Crossconnect using Widely-Tunable FBGs,"
Y.W. Song, Z. Pan, D. Starodubov, V. Grubsky, E. Salik, S.A. Havstad, Y. Xie, A. E.
Willner, and J. Feinberg, Conference on Lasers and Electro-Optics (CLEO), paper
CWD6, San Francisco, May 2000 (Optical Society of America, Wash., D.C., 2000).

Contributed talk, "High-Birefringence Nonlinearly-Chirped Fiber Bragg Grating for
Tunable Compensation of Polarization Mode Dispersion, "S. Lee, R. Khosravani, J.
Peng, and A.E. Willner, V. Grubsky, D.S. Starodubov, and J. Feinberg, Conference on
Optical Fiber Communications '99, paper TuS3, San Diego, CA, Feb. 1999 (Optical
Society of America, Washington, D.C., 1999).

Contributed talk, "Sampled Nonlinearly-Chirped Fiber-Bragg-Grating for the Tunable
Dispersion Compensation of Many WDM Channels Simultaneously," J.-X. Cai, K.-M.
Feng, A.E. Willner, V. Grubsky, D.S. Starodubov, and J. Feinberg, Conference on
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143.

142.

141.

140.

139.

138.

137.

136.

135.

Optical Fiber Communications '99, paper FA7, San Diego, CA, Feb. 1999 (Optical
Society of America, Washington, D.C., 1999).

Contributed talk, "Control Monitoring of Routing Bits and Data Packets in WDM
Networks Using Wavelength-to-Time Mapping, "X. Jiang, M. Cardakli, K.-M. Feng J.-X.
Cai, A.E. Willner, V. Grubsky, D.S. Starodubov, and J. Feinberg, Conference on Optical
Fiber Communications '99, paper TulJ7, San Diego, CA, Feb. 1999 (Optical Society of
America, Washington, D.C., 1999).

Contributed talk, "All-Optical Packet Header Recognition and Switching in a
Reconfigurable Network Using Fiber Bragg Gratings for Time-to-Wavelength Mapping
and Decoding," M.C. Cardakli, S. Lee, A.E. Willner, V. Grubsky, D. Starodubov, and J.
Feinberg, Conference on Optical Fiber Communications '99, paper ThM4, San Diego,
CA, Feb. 1999 (Optical Society of America, Washington D.C., 1999).

Contributed talk, "Novel Fiber Amplitude Modulators in Dynamic Channel Power
Equalization in WDM Systems," D.S. Starodubov, V. Grubsky, A. Skorucak, J. Feinberg,
K.-M. Feng, J.-X. Cai, and A.E. Willner, Conference on Optical Fiber Communications
'98, Post-Deadline Session, paper PD-8, San Jose, CA, Feb. 1998 (Optical Society of
America, Washington, D.C., 1998).

Contributed talk, "Dynamic Dispersion Compensation in a 10-Gb/s Optical System using
a Novel Nonlinearly-Chirped Fiber Bragg Grating," J.-X. Cai, K.-M. Feng, A.E. Willner,
V. Grubsky, D.S. Starodubov, and J. Feinberg, Conference on Optical Fiber
Communications '98, San Jose, CA, Feb. 1998 (Optical Society of America, Washington,
D.C., 1998).

Contributed talk, “Tunable Nonlinearly-Chirped Fiber Bragg Grating for use as a
Dispersion Compensator with a Voltage-Controlled Dispersion,” K.-M. Feng, V.
Grubsky, D.S. Starodubov, J.-X. Cai, A.E. Willner, and J. Feinberg, Conference on
Optical Fiber Communications '98, San Jose, CA, Feb. 1998 (Optical Society of America,
Washington D.C., 1998).

Invited talk, “Fiber Bragg gratings for diode lasers,” at the 1999 Diode Laser Technology
Review, Ft. Walton Beach, Florida, May 11-13 (1999)

Invited talk, “Fiber Bragg grating technology,” J. Feinberg and D. S. Starodubov, OSA
Annual Meeting, Santa Clara, CA Sept 26 - Oct 1 (1999)

Contributed talk, “Long-period grating fiber sensor with fixed resonance wavelength,” V.
Grubsky and J. Feinberg, OSA Topical Meeting on Bragg Gratings, Photosensitivity, and
Poling in Glass Waveguides, Stuart Florida, September 23-25 (1999).

Contributed talk, “Novel fiber radiation sensor using long-period gratings,” A. Skorucak,
D. S. Starodubov, and J. Feinberg, OSA Topical Meeting on Bragg Gratings,
Photosensitivity, and Poling in Glass Waveguides, Stuart Florida, September 23-25
(1999).
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134.

133.

132.

131.

130.

129.

128.

127.

126.

125.

Contributed talk, “The role of oxygen deficient centers in hydrogen-loaded
germanosilicate glass,” D. S. Starodubov, V. Grubsky, M. Ewart, J. Feinberg, E. M.
Dianov, A. A. Rybaltovskii, and A. O. Rybaltovskii, OSA Topical Meeting on Bragg
Gratings, Photosensitivity, and Poling in Glass Waveguides, Stuart Florida, September
23-25(1999).

Invited talk, “Ultrastrong fiber gratings and their applications,” D. S. Starodubov, V.
Grubsky, and J. Feinberg, Proceeding of the SPIE Meeting on Optical Fiber Reliability
and Testing, Boston, Massuchusetts, September 20-21 (1999).

Contributed talk, “Picosecond pulse generation at two wavelengths by simultaneous
active mode locking in an Er-doped fiber laser with wide-bandwidth (>1 nm) nonchirped
fiber Bragg gratings,” O. Deparis, R. Kiyan, E. Salik, D. S. Staodubov, J. Feinberg, O.
Pottiez, P. Megret, and M. Blondel, SPIE Meeting on Optical Devices for Fiber
Communication, Boston, Massuchusetts, September 20-21 (1999).

Contributed talk, “Optical fiber gratings: New fabrication techniques and components,”
D. S. Starodubov, V. Grubsky, and J. Feinberg, LEOS Summer Topical Meeting on
WDM Components, San Diego, CA, July 26-30 (1999).

Contributed talk, “Fabrication of spectrally clean, long-period grating filters,” V.
Grubsky, A. Skorucak, J. Feinberg, and D. S. Starodubov, Optical Fiber Communication
Conference OFC’99, San Diego, California February 21-26 (1999).

Contributed talk, “Sampled nonlinearly chirped fiber Bragg grating for the tunable
dispersion compensation of many WDM channels simultaneously, “J.-X. Cai, K. M.
Feng, A. E. Willner, V. Grubsky, D. S. Starodubov, J. Feinberg, Optical Fiber
Communication Conference OFC’99, San Diego, California February 21-26 (1999).

Contributed talk, “All-optical packet header recognition and switching in a
reconfigurable network using fiber Bragg gratings for time-to-wavelength mapping and
decoding,” M. C. Cardakli, S. Lee, A. E. Willner, V. Grubsky, D. S. Starodubov, and J.
Feinberg, Optical Fiber Communication Conference OFC’99, San Diego, California
February 21-26 (1999).

Contributed talk, “All-fiber bandpass filter with adjustable transmission,” D. S.
Starodubov, V. Grubsky, and J. Feinberg, Optical Fiber Communication Conference
OFC’99, San Diego, California February 21-26 (1999).

Contributed talk, “Thermally stable gratings in optical fibers without temperature
annealing,” E. Salik, D. S. Starodubov, V. Grubsky, and J. Feinberg, Optical Fiber
Communication Conference OFC’99, San Diego, California February 21-26 (1999).

Contributed talk, “Effect of molecular water on thermal stability of gratings in
hydrogenloaded optical fibers,” V. Grubsky, J. Feinberg, and D. S. Starodubov, Optical
Fiber Communication Conference OFC’99, San Diego, California February 21-26
(1999).
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124.

123.

122.

121.

120.

119.

118.

117.

116.

115.

Contributed talk, “High-birefringence nonlinearly-chirped fiber Bragg grating for tunable
compensation of polarization-mode dispersion,” S. Lee, R. Khosravani, A. E. Willner, V.
Grubsky, D. S. Starodubov, J. Feinberg, and J. Peng, Optical Fiber Communication
Conference OFC’99, San Diego, California February 21-26 (1999).

Contributed talk, “Control monitoring of routing bits and data packets in WDM networks
using wavelength-to-time mapping,” X. Jiang, M. Carkakli, K. M. Feng, J. X. Cai, A. E.
Willner, V. Grubsky, D. S. Starodubov, and J. Feinberg, Optical Fiber Communication
Conference OFC’99, San Diego, California February 21-26 (1999).

Contributed talk, “All-Fiber bandpass filter using cladding mode coupling,” D. S.
Starodubov, V. Grubsky, and J. Feinberg, IEEE Lasers and Electro-Optical Society
(LEOS’98), Orlando, Florida December 1-2, 1998.

Contributed talk, “Fabrication of long-period fiber gratings with no harmonics,” V.
Grubsky, A. Skorucak, D. S. Starodubov, and J. Feinberg, IEEE Lasers and Electro-
Optical Society (LEOS’98), Orlando, Florida December 1-2, 1998.

Contributed talk, “Use of one-dimensional photonic crystal sequences as matched filters
in fiber-optic CDMA systems,” S. Wang, H. Erlig, H. Fetterman, E. Yablonovich, V.
Grubsky, D. S. Starodubov, J. Feinberg, Annual Meeting of the Optical Society of
America, Baltimore, Maryland, October 4-9 (1998).

Invited talk, “Grating fabrication through a polymer jacket,” J. Feinberg, D. S.
Starodubov, and E. M. Dianov, Annual Meeting of the Optical Society of America,
Baltimore, Maryland, October 4-9 (1998).

Contributed talk, “Explanation of strong UV-induced index change in hydrogen-loaded
germanosilicate fibers,” V. Grubsky, D. S. Starodubov, A. Skorucak, and J. Feinberg,
Annual Meeting of the Optical Society of America, Baltimore, Maryland, October 4-9
(1998).

Contributed talk, “Novel fiber amplitude modulator for dynamic channel power
equalization in WDM systems,” D. S. Starodubov, V. Grubsky, A. Skorucak, J. Feinberg,
J.-X. Cai, K.-M. Feng, and A. E. Willner, Post-Deadline paper at the Optical Fiber
Communication Conference OFC’98, San Jose, California February 22-27 (1998).

Contributed talk, “Dynamic dispersion compensation in a 10-Gbit/s optical system using
a novel nonlinearly chirped fiber Bragg grating,” J.-X. Cai, K.-M. Feng, A. E. Willner, V.
Grubsky, D. S. Starodubov, and J. Feinberg, Optical Fiber Communication Conference
OFC’98, San Jose, California February 22-27 (1998).

Contributed talk, “Tunable nonlinearly-chirped fiber Bragg grating for use as a dispersion
compensator with a voltage-controlled dispersion,” K.-M. Feng, V. Grubsky, D. S.

Starodubov, J.-X. Cai, A. E. Willner, and J. Feinberg, Optical Fiber Communication
Conference OFC’98, San Jose, California February 22-27 (1998).
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114.  Contributed talk, “Wide range and linearity of near-UV induced change in
hydrogenloaded fibers: applications for Bragg grating formation,” V. Grubsky, D. S.
Starodubov, and J. Feinberg, in Bragg Gratings, Photosensitivity and Poling in Glass
Fibers and Waveguides: Applications and Fundamentals, Williamsburg, Virginia, Oct 26-
28, (1997).

113.  Contributed talk, “Bragg grating formation in fibers by near-UV light,” D. S. Starodubov,
V. Grubsky, and J. Feinberg Bragg Gratings, Photosensitivity and Poling in Glass Fibers
and Waveguides: Applications and Fundamentals, in Williamsburg, Virginia, Oct 26-28,
(1997).

112.  Contributed talk, “Mechanisms of index change induced by near-UV light in
hydrogenloaded fibers,” V. Grubsky, D. S. Starodubov, and J. Feinberg, Bragg Gratings,
Photosensitivity and Poling in Glass Fibers and Waveguides: Applications and
Fundamentals, in Williamsburg, Virginia, Oct 26-28, 1997.

111. Invited Talk, “Ballistic light imaging with temporal holography,” in Current and
Emerging Technologies in monitoring brain structures and function, sponsored by the
FDA and NIH, March 28-29, (1996).

110.  Contributed talk, “Dynamic mapping of 180° domains hidden in a photorefractive
crystal,” V. Grubsky, S. MacCormack, and J. Feinberg, Conference on Lasers and
Electrooptics (CLEO), Anaheim, California, June 2—7, 1996.

109. Invited talk, “Photorefractive Materials,” Insititute of Physics Technical Meeting on
Nonlinear Optical Materials, Defense Research Agency, Malvern, Great Britain, April
17, 1996.

108.  Contributed talk, “Frequency locking of two elements of a laser diode array using
mutually pumped phase conjugation,” S.-C. De La Cruz, S. MacCormack, P. Lambelet
and J. Feinberg, Photorefractive Materials, Effects and Devices, Estes Park, Colorado,
June 11- 14, 1995.

107.  Contributed talk, “Yet another explanation for why a Cat-conjugator can emit a
frequency shifted beam”, D. Noraev, P. Lambelet, and J. Feinberg, Photorefractive
Materials, Effects and Devices, Estes Park, Colorado, June 11-14, 1995.

106.  Contributed talk, “The Swiss-cheese effect,” S. MacCormack and J. Feinberg,
Photorefractive Materials, Effects and Devices, Estes Park, Colorado, June 11-14, 1995.

105. Invited talk, “Seeing Through Chickens,” W.V.T. Rusch Honors Program, USC, Feb. 10,
1995.

104. Invited talk, “Seeing Through Chickens,” Loyola Marymount University, Feb. 10, 1995.

103. Invited talk, “Photorefractive Coupling of Multiple Lasers,” Nonlinear Optics Conference
of the AFOSR at Phillips Labs, Albuquerque, NM April 5, 1994.
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102.  Contributed talk (with S. MacCormack), “Self-locking of a laser diode bar using off-axis
phase conjugation,” Conference on Lasers and Electrooptics (CLEO), Anaheim,
California, May 8-13, 1994.

101. Invited talk (with V. Dominic), “Frequency Doubling in Glasses,” Conference on Lasers
and Electrooptics (CLEO), Anaheim, California, May 8-13, 1994.

100. Contributed talk (with S. MacCormack, et al.), “Mutually Pumped Phase Conjugation in
Photorefractive Crystals with Partially Coherent Beams,” IEEE Conference on Nonlinear
Optics, Waikoloa, Hawaii, July 25-29, 1994.

99. Contributed talk (with S. MacCormack, et al.), “ Photorefractive Properties Of Rhodium -
Doped Barium Titanate,” IEEE Conference on Nonlinear Optics, Waikoloa, Hawaii, July
25-29, 1994.

98. Invited talk, “Photorefractive Physics: Locking Lasers, Doubling Light and Seeing
through Chickens,” Southern California Area Modern Physics Institute, Cal State
Polytechnic University, December 11, 1993.

97.  Invited talk, “Seeing Through Chickens”, Optical Society of America Annual Meeting,
October, 1992, Albuquerque, New Mexico.

96. Contributed talk (with V. Dominic) “Spatial Mapping of the DC Electric Field Induced in
Optical Fiber Preforms by Intense Light,” Optical Society of America Annual Meeting,
October, 1992, in Albuquerque, New Mexico. We showed a new movie (“Spatial mode
patterns of second harmonic light generated in glass,” 6 minutes, © USC-1992).

9s. Contributed talk (with V. Dominic), “How The DC Electric Field Photoinduced In Glass
Varies With The Polarizations Of The Incident Optical Beams: Theory And Experiment,”
Conference on Lasers and Electrooptics (CLEO), Anaheim, California, May, 1993.

94, Contributed talk (with S. MacCormack), “High Brightness Output from a Laser Diode
Array Coupled to a Self-Pumped Phase Conjugator,” Conference on Lasers and
Electrooptics (CLEO), Anaheim, California, May, 1993.

93. Contributed talk (with S. MacCormack), “Self-Aligning Injection Locking Of A Laser
Diode Array,” Conference on Lasers and Electrooptics (CLEO), Anaheim, California,
May, 1993.

92. Contributed talk (with S. C. de la Cruz and S. MacCormack), “Effect of Beam Coherence
on Mutually-Pumped Phase Conjugators,” Conference on Lasers and Electrooptics
(CLEO), Anaheim, California, May, 1993.

91.  Invited talk, “Gated Holography,” 22nd Annual Colloquium on Quantum Electronics,
Snowbird, Utah, Jan 5-8, 1992.
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90.

&9.

88.

87.

86.

85.

&4.

83.

82.

81.

80.

79.

78.

77.

Invited seminar, “Uses of Photorefractive Phase Conjugators,” Institut d'Optique
Théorique et Appliquée, Orsay, France, June 10, 1992.

Invited talk, “New Applications of Phase Conjugation in Imaging,” Nonlinear Optics:
Materials, Fundamentals and Applications Second Topical Meeting, Maui, Hawaii,
August 17-21, 1992.

Invited talk, “Seeing Through Chickens”, Optical Society of America Annual Meeting,
1992, Albuquerque, New Mexico.

Contributed talk (with V. Dominic) “Spatial mapping of the DC electric field induced in
fiber preforms by intense light,” Optical Society of America Annual Meeting, 1992,
Albuquerque, New Mexico. We showed a new movie (“Spatial mode patterns of second
harmonic light generated in glass,” 6 minutes, © USC-1992).

Invited talk, “Photorefractive nonlinear optics,” at the Material Research Society, April
27-May 3, 1991 in Anaheim, California.

Contributed talk (with X. S Yao) “Spectral pulse distortion form two-beam coupling of
sub-picosecond pulses in a photorefractive crystal,” Photorefractive Materials and
Devices Topical Meeting, July 29-31, 1991, Beverly, Massachusetts

Contributed talk (with R. S. Cudney, G. D. Bacher, R. M. Pierce) “Origins of the
photorefractive phase shift,” Photorefractive Materials and Devices Topical Meeting,
July 29-31, 1991, Beverly, Massachusetts

Contributed talk (with R. S. Cudney, R. M. Pierce, G. D. Bacher) “Absorption gratings
with multiple levels,” Photorefractive Materials and Devices Topical Meeting, July 29-
31, 1991, Beverly, Massachusetts

Contributed talk (with V. V. Eliseev, A. A. Zozulya, G. D. Bacher) “Why light beams
follow curved paths in photorefractive phase conjugators,” Photorefractive Materials and
Devices Topical Meeting, July 29-31, 1991, Beverly, Massachusetts

Seminar speaker at Stanford University, December 3, 1991.
Seminar speaker for the Optical Society of America-Ann Arbor, April 23, 1991

Invited talk, “Photorefractive nonlinear optics,” at the Material Research Society, April
27- May 3, 1991 in Anaheim, California.

Invited talk, “Photorefractive materials and devices,” at the Nonlinear Optics: Materials,
Phenomena, and Devices meeting, July 16-20, 1990 in Kauai, Hawaii.

Invited plenary lecture, “Unraveling and using the photorefractive effect,” French-Israeli
Symposium on Nonlinear Optics, April 22-27, 1990 in Rehovot, Israel.
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76.

75.

74.

73.

72.

71.

70.

69.

68.

67.

66.

65.

64.

63.

Contributed talk (with R. M. Pierce, R. S. Cudney, and G. D. Bacher), “Absorption
gratings in BaTiO3 crystals,” at the Conference on Lasers and Electro-Optics (CLEO),
May 21-26, 1990 in Anaheim, California.

Contributed talk (with X. S. Yao and V. Dominic), “Optical pulse shaping using a
photorefractive crystal,” at the Conference on Lasers and Electro-Optics (CLEO), May
21-26, 1990 in Anaheim, California.

Contributed talk (with V. Dominic, X. S. Yao, and R. M. Pierce), “Measuring the
coherence length of modelocked laser pulses in real time,” at the Conference on Lasers
and Electro-Optics (CLEO), May 21-26, 1990 in Anaheim, California.

Contributed talk (with D. Mahgerefteh), “Shallow traps resolve the Ix mystery in
photorefractive BaTiO3,” at the Conference on Lasers and Electro-Optics (CLEO), May
21-26, 1990 in Anaheim, California.

Contributed talk (with R. M. Pierce, R. S. Cudney, G. D. Bacher) “Photorefraction
without the electrooptic effect,” OSA topical meeting on the Photorefractive Materials,
Effects, and Devices, Jan, 1990 in Aussois, France.

Contributed Talk (with D. Mahgerefteh), “Shallow traps resolve the Ix mystery in
photorefractive BaTiO3,” OSA topical meeting on the Photorefractive Materials, Effects,
and Devices, Jan, 1990 in Aussois, France.

Colloquium speaker at IBM Almaden Research Center, November 17, 1989.

Chairman, Gordon Research Conference on Nonlinear Optics and Lasers, July 24-28,
1989.

Colloquium speaker at Sandia National Laboratories, July 31, 1989.
Colloquium speaker at Stanford Linear Accelerator Center (SLAC), April 1, 1989.

Invited talk “Optical Phase Conjugation,” Optcon '88, November 3, 1988, Santa Clara,
California.

Contributed talk (with D. Mahgerefteh and R. M. Pierce) “On the photovoltaic effect in
barium titanate,” Optical Society of America Annual Meeting, Oct. 31 - Nov. 4, 1988,
Santa Clara, California.

Contributed talk (with R. S. Cudney, G. D. Bacher, and R. M. Pierce) “Measuring the
photorefractive phase shift using two-beam coupling,” Optical Society of America
Annual Meeting, Oct. 31 - Nov. 4, 1988, Santa Clara, California.

Contributed talk (with G. D. Bacher and R. S. Cudney) “Detecting sub-Angstom
vibration of a rough surface using real-time holography,” Optical Society of America
Annual Meeting, Oct. 31 - Nov. 4, 1988, Santa Clara, California.
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62.

61.

60.

59.

38.

57.

56.

55.

54.

53.

52.

51.

50.

Invited talk “Photorefractive Nonlinear Optics,” Ontario Laser and Lightwave Research
Centre Workshop, September 23, 1988, Toronto, Canada.

Invited talk “Transient Detection Microscope,” Seventh Annual Symposium on Advances
in Microscopy,” September 23-25, 1988, Pine Knoll Shores, North Carolina.

Invited talk “Applications of Photorefractive Materials,” at the Conference on Lasers and
Electro-Optics (CLEO) , April 25-28, 1988, Anaheim, California.

Contributed talk (with D. Mahgerefteh and R. Pierce) “Effects of shallow traps on the
photorefractive properties of BaTi03,” Conference on Lasers and Electro-Optics, April
25-28, 1988, Anaheim, California.

Contributed talk (with R.S. Cudney and R.M. Pierce) “Transient Detection Microscopy,”
Conference on Lasers and Electro-Optics, April 25-28, 1988, Anaheim, California.

Contributed talk (with D. Mahgerefteh) “Nanosecond response and “coasting” in
photorefractive barium titanate,” Topical Meeting on Photorefractive Materials, Effects,
and Devices, August 12-14, (1987), Los Angeles, California.

Invited talk at the Gordon Conference on Lasers and Nonlinear Optics, August, 1987,
Wolteboro, New Hampshire.

Invited paper “Optical Phase Conjugation,” at the USA-USSR Symposium on Lasers in
Condensed Matter, June 1-10, 1987, Leningrad, USSR.

Contributed paper (with K. R. MacDonald), “All optical measurement of the photovoltaic
Field in barium titanate,” Optical Society of America Annual Meeting, October 19-24,
1986, Seattle, Washington.

Contributed paper (with S. P. Ducharme), “Electrooptic and Piezoelectric measurements
in photorefractive materials,” Optical Society of America Annual Meeting, October 19-
24, 1986, Seattle, Washington.

Contributed paper (with J. P. Jiang,), “Controlling the frequency shift of a self-pumped
phase conjugator,” Optical Society of America Annual Meeting, October 19-24, 1986,
Seattle, Washington.

Invited Lecture for summer school “Electrooptic and Photorefractive Materials,” July 6-
17, 1986, Erice, Sicily.

Contributed paper (with M. D. Ewbank and others), “Photorefractive properties of
strontium barium niobate,” Conference on Lasers and Electro-Optics (CLEO), June 9-13,
1986, San Francisco, California.
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49.

48.

47.

46.

45.

44,

43.

42.

41.

40.

39.

38.

37.

36.

35.

Invited paper “Phase conjugation and stimulated effects in photorefractive materials,”
International Quantum Electronics Conference (IQEC), June 9-13, 1986, San Francisco,
California.

NSF/AFOSR Workshop on Nonlinear Materials, April 28-29, 1986, Annapolis,
Maryland.

Invited to speak at the U. C. Irvine Undergraduate Physics Conference, “Reversing time
with lasers,” Irvine, California, April 5, 1986.

Colloquium speaker at Physics Department, University of Colorado, Boulder, Colorado,
March 13, 1986.

Contributed paper, ‘“Phase-conjugation and real-time holography,” SPIE meeting on
Practical Holography, January 22, 1986, Los Angeles.

Co-Chairman of SPIE meeting “Nonlinear Optics and Applications,” January 21-22,
1986, Los Angeles, California.

(with R. Neurgaonkar) Materials Research Society, Fall Meeting, December 2, 1985,
Boston, Massachusetts.

(with Ken MacDonald) Optical Society of America Annual Meeting, “Why Does a
BaTiO3 Self-Pumped Phase Conjugator Produce a Frequency-Shifted Output Beam?,”
October 17, 1985, Washington, DC.

Invited paper at Optical Society of America Annual Meeting, “Frequency Shifts and
Laser Locking with Phase Conjugation,” October 15, 1985, Washington, DC.

Invited paper at Gordon Research Conference on Nonlinear Optics and Lasers, in
Wolfeboro, New Hampshire, “Phase-Locking Lasers with Phase Conjugation,” July 28, -
August 2, 1985.

Seminar at AFOSR, Bolling AFB, “Optical Phase Conjugation,” July 10, 1985.

Seminar at the University of California, San Diego, “Almost Reversing Time with
Optical Phase Conjugation,” July 6, 1985.

Invited speaker at SPIE meeting on Holography: Critical Review of Technology,
“Techniques and Applications of Real-Time Holography,” January 25, 1985, Los
Angeles, California.

Invited paper at SPIE “Holography: Critical Review of Technology,” January 25, 1985.
Seminar at USC JSEP review, “Self Pumped Optical Phase Conjugating Laser Resonator
Cavities,” November 5-6, 1984,
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34.

33.

32.

31.

30.

29.

28.

27.

26.

24.

23.

22.

21.

20.

19.

Seminar at the Aerospace Corporation, “Passive Optical Phase Conjugation,” October 10,
1984.

Optical Society of America, Annual Meeting, in San Diego, California, “Time-reversal
experiment using a double-phase-conjugate Michelson interferometer,” “Control of the
density of photorefractive charge carriers in BaTiO3 single crystals,” “Anomalous
frequency and phase shifts in self-pumped conjugators,” “Self-scanning of a dye laser
having a phase-conjugating resonator cavity,” October, 1984. Abstracts published in
conference proceedings.

Seminar at USC/Rockwell International meeting, “The Photorefractive Effect,”
September 25, 1984.

Speaker at the National Science Foundation, Washington, DC., July, 1984.

Invited paper at the Conference on Lasers and Electro-Optics (CLEO), Anaheim,
California, “Phase Conjugation in Photorefractive Materials,” May 7, 1984.

Seminar at the USC Industrial Associates Research Review, Los Angeles, California,
“Phase Conjugating Coptic,” May 7, 1984.

Seminar at UC Irvine Undergraduate Physics Conference, Irvine, California, April 7,
1984.

Condensed Matter Physics Seminar at USC, “Do I Have a Spontaneously Moving
Superlattice in my BaTiO3 Crystal?,” March 9, 1984.

Seminar at the USC Joint Services Electronics Program, “Self-Pumped Phase-
Conjugating Resonator Cavities,” January 27, 1984.

Colloquium speaker at IBM Research Laboratory, Yorktown Heights, N.Y., November,
1983.

Invited paper and also a short course leader at the Optical Society of America, Annual
Meeting, October 1983 in New Orleans, “Optical Information Processing with the
Photorefractive Effect,” and “Phase Conjugation in Photorefractive Materials.”

Invited paper at Gordon Research Conference on Nonlinear Optics, in Wolfeboro, New
Hampshire, “Theory and Applications of Self-Pumped Phase-Conjugation,” August 1-5,
1983.

Speaker at Thomson-CSF, Orsay, France. June 17, 1983.
Speaker at Laboratorium fiir Fesstkorperphysik, Zirich, Switzerland. June 16, 1983.

Invited paper at Los Alamos National Laboratory meeting, “New Directions in Phase-
Conjugate Optics,” February 22-24, 1983.
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18.

17.

16.

15.

14.

13.

12.

11.

10.

Speaker at Lawrence Livermore National Laboratory, Livermore, California, November
12, 1982.

Optical Society of America, Annual Meeting, in Tucson, Arizona; “The photorefractive
effect in KTN crystals,” and “Self-pumped, continuous-wave, phase-conjugation using
internal reflection,” October, 1982. Abstract published in conference proceedings.

Invited paper at Electro-Optical Systems and Technology meeting, November 5-6, 1981
in Tokyo, Japan.

Invited paper at Optical Society of America, Annual Meeting, in Kissimmee, Florida,
“Phase-conjugating mirrors with CW gain,” October, 1981. Abstract published in J. Opt.
Soc. Am. 17, (1981).

Invited paper at SPIE meeting in San Diego, California, “Self-correcting laser resonator
using a phase conjugating mirror,” August, 1981.

Invited paper at Gordon Research Conference on Nonlinear Optics, in Wolfeboro, New
Hampshire, “Self-oscillating optical structures and optical processing using a
photorefractive mirror,” August 3-7, 1981.

Speaker at IBM Research Labs, San Jose, California. October 2, 1981.

Speaker at Air Force Office of Scientific Research, Bolling AFB, Washington, DC. July
31, 1981.

Speaker at the National Science Foundation, Washington, DC. July 30, 1981.
Speaker at Oak Ridge National Labs, Oak Ridge, Tennessee. July 29, 1981.

Lasers '80, New Orleans, Louisiana, “Phase-conjugating mirror with CW gain.”
December 15-19, 1980. Abstract published in conference proceedings.

International Quantum Electronics Conference in Boston, Massachusetts. “Four-wave
mixing in photorefractive materials,” and “CW phase conjugation of a nonuniformly
polarized optical beam.” June, 1980.

Optical Society of America, Annual Meeting in Rochester, New York, “Four-wave and
two-wave mixing: theory and experiments in barium titanate,” October, 1979. Abstract
published in J. Opt. Soc. Am. 69, 1976 (1979).

Invited paper at Gordon Research Conference on Nonlinear Optics and Lasers, in
Wolfeboro, New Hampshire, “Four-wave and two-wave mixing; theory and experiments
in barium titanate.” July 5, 1979.
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Optical Society of America, Annual Meeting, in San Francisco, California, “CW
generation of time-reversed waves in barium titanate,” October, 1978. Abstract published
in J. Opt. Soc. Am. 68, 1376 (1978).

Atomic Physics Seminar at Physics Department, University of California, Berkeley,
California, “Continuous four-wave mixing: theory and experiment,” October 27, 1978.

Astronomical Society of the Pacific, Annual Meeting in Claremont, California,
“Laserinduced fluorescence in TiO: lifetimes, collisions, and forbidden transitions,” June
20, 1977. Abstract published in Publications of the A.S.P. 89, 616 (1977).

Optical Society of America, Annual Meeting in Tucson, Arizona, “Molecular and atomic
lifetime measurements,” October, 1976. Abstract published in J. Opt. Soc. Am. 66, 1071
(1976).
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APPENDIX B
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Sybil P. Parker
Editor in Chief

McGraw-Hill, Inc.

New York San Francisco Washington, D.C.
Auckland Bogotd Caracas Lisbon LLondon Madrid Mexico City Milan
Montreal New Dethi San Juan Singapore Svdney - Tokyo Toronto
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On the cover: Photomicrograph of crystals of vitamin B,.
(Dennis Kunkel, University of Hawaii)

Inctuded in this Dictionary are definitions which have been published previously in the following works: P. B.
Jordain, Condensed Computer Encyclopedia, Copyright © 1969 by McGraw-Hill, Inc. All rights reserved. J.
Markus, Electronics and Nucleonics Dictionary, 4th ed., Copyright © 1960, 1966, 1978 by McGraw-Hill, Inc.
Al rights reserved. J. Quick, Artists’ and [llustrators’ Encyclopedia, Copyright © 1969 by McGraw-Hill, Inc. All
rights reserved. Blakiston's Gould Medical Dictionary, 3d ed., Copyright © 1956, 1972 by McGraw-Hill, Inc. All
ed. T. Baumeister and L. S. Marks. eds.. Standard Handbook for Mechanical Engineers. Tth ed..
1938, 1967 by McGraw-Hill, Inc. All rights reserved.

rights res
Copynight &

In addition, material has been drawn from the following references: R. E. Huschke, Glossary of Meteorology,
American Meteorclogical Society, 1959; U.S. Air Force Glossary of Standardized Terms, AF Manual 11-1, vol.
L1972, Communications-Electronics Terminology, AF Manual 11-1, vol. 3, 1970; W. H. Allen, ed., Dictionary
of Technical Terms for Aerospace Use, st ed., National Aeronautics and Space Administration, 1965; J. M.
Gilliland, Solar-Terrestrial Physics: A Glossary of Terms and Abbreviations, Royal Aircraft Establishment Tech-
nical Report 67158, 1967, Glossary of Air Traffic Control Terms, Federal Aviation Agency; A Glossary of Range
Terminology, White Sands Missile Range, New Mexico, National Bureau of Standards, AD 467-424; A DOD
Glossary of Mapping, Charting and Geoderic Terms, st ed., Department of Defense, 1967; P. W. Thrush, comp.
and ed.. A Dictionary of Mining, Mineral, and Related Terms, Bureau of Mines, 1968; Nuclear Terms: A Glossary,

2d ed.. Atomic Energy Commussion; F. Casey. ed., Compilation of Terms in Information Sciences Technology.
Federal Council for Science and Technology. 1970; Glossary of Stinfo Terminology, Office of Aerospace Research,
U.S. Air Force, 1963; Naval Dictionary of Electronic, Technical, and Imperative Terms, Bureau of Naval Person-
nel, 19620 ADP Glossary, Department of the Navy, NAVSO P-3097.

McGRAW-HILL DICTIONARY OF SCIENTIFIC AND TECHNICAL TERMS,

Fifth Edition

Copyright © 1994, 1989, 1984, 1978. 1976. 1974 by McGraw-Hill, Inc. All rights reserved. Printed in the United
States of America. Except as permitted under the United States Copyright Act of 1976, no part of this publication
may be reproduced or distributed in any form or by any means, or stored in a database or retrieval system, without
the prior wrilten permission of the publisher.

1234567890 DOW/DOW 998763543

ISBN 0-07-042333-4

Library of Congress Cataloging-in-Publication Data

McGraw-Hill dictionary of scientific and technical terms /
Sybil P. Parker. editor in chiel..—35th ed.

n om

ISBN 0-07-042333-4
1. Science—Dictionaries. 2. Technology-—Diclionaries.
I. Parker, Sybil P.
QI23.M34 1993
503 -—dc20 93-34772
CIp

INTERNATIONAL EDITION
Copyright © 1994, Exclusive rights by McGraw-Hill, Inc. for manufacture and export. This book cannot be re-
exported from the-country to which it is consigned by McGraw-Hill, The International Edition is not available in

North America.

When ordering this tutle, use ISBN 0-07-113584-7.
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2134

VIDICON

nerizontai and var
detlecting coit

e s\%?MM»@ B electron gun

signal output

Cross section of vidicon tube and
its associated deflection and
focusing coils. Target consists of
transparent signal electrode
deposited on faceplate of tube and
thin layer of photoconductive
material deposited over electrode.
Mesh ensures uniform
deceleration and collimation of
electron bean.

VIEWFINDER

h___arca included
in negative

(

Lwire frame

peep

Frame or peep-sight finder, the
simplest type of viewfinder.
(flustration provided by
Eastman Kodak Co.. from Willard
D. Morgan. ed., The Complete
Photographer. National
Educational Alliance, 19%1-194.3)

video recorder

signals suitable for driving a home television receiver. { 'vid-
&0 plaor |

video recorder (ELECTR] A magnetic tape recorder capable
of storing the video signals for a television program and feeding
them back later to a television transmitter or directly to a re-
ceiver. | 'vid-€0 ri,kord-or j

video replay [ELECTR] Also known as videotape replay. 1.
A procedure in which the audio and video signals of a television
program are recorded on magnetic tape and then the tape is run
through equipment later to rebroadcast the tive scene. 2. A
similar procedure in which the scene is rebroadcast almost im-
mediately after itoccurs,  Also known as instant replay.  { 'vid-
&0 'répla |

video sensing [computsct] Inoptical character recognition,
a scanning technigue in which the document is flooded with
light from an ordinary light source, and the image of the char-
acter is reflected onto the face of a cathode-ray tube, where it is
scanned by an electron beam.  { ‘vid-¢-0 'sens-ip }

video signal {commun] In television, the signal containing
all of the visual information together with blanking and syn-
chronizing pulses. [ELECTROMAG] See target signal. { ‘vid:
€0 signal |

videotape [ELECTR] A magnetic tape designed primarily for
recording of television programs. { 'vid-€-0 ,1ap |

videotape recorder [ELECTR] A device for video recording
and playing of a magnetic tape either in a video cassette or on
anopen reel. { |vid-¢-0'tap ri,kord-ar }

videotape recording [ELECTR] A method of recording tele-
vision programs on magnetic tape for later rebroadcasting or
replay. Abbreviated VTR, { ‘'vid-é-0 tap ri kordig }

videotape replay Sec video replay. { 'vid-€:0 jtap 'r€,pla }

video telephone [comMMUN] A communication instrument
which transmits visual images along with the attendant speech.
Also known as videophone. { 'vid-¢-0 'tel-a,fon }

videotex [commun| Anelectronic home informationdelivery
system, either teletext or videotext.  { 'vid-€:0,teks }

videotext [comMUN] A computer communication service
which uses information from a database. and which allows the
user, equipped with a limited computer terminal, to interact with
the service in selecting information o be displayed, so as to
provide electronic mail, teleshopping, financial services, cal-
culation services, and such. | jvid-é-0'tekst }

video transformer [ELECTR] A transformer designed to
transfer. from one circuit Lo another, the signals containing pic-
wre information in television.  { 'vid-&-6 tranz'for-mar |

video transmitter See visual transmitter. | 'vid-€-0 tranz'mid:
ar )

vidicon [ELECTR} A camera tube in which a charge-density
pattern is formed by photoconduction and stored on a photo-
conductor surface that is scanned by an electron beam, usually
of low-velocity electrons: used chiefly in industrial television
cameras. | 'vid-akin }

Vienna definition language {coseuT sci} A language for
defining the syntax and semantics of programming languages;
consists of a syntactic metalanguage for defining the syntax of
programming and data structures, and a semantic metalanguage
which specifics programming language semantics operationally
in terms of the computations to which programs give rise during
execution. { v&'enra def-a'nishron lap-gwij }

view camera {orrics] A camera that can be focused at both
front and back, with adjustments for tilts, swings, shifts, and rise
and fall, to control the shape of the subject in the image; it has
a groundgiass on the back which enabies the photographer to
view the image to be recorded. { 'vyl kamra }

viewdata [commuN]  Alphanumeric characters or graphics
which are produced on a home television screen by a special
decoder in response to digital signals sent over a telephone line.
{ 'vyi,dad-a }

viewfinder [ELECTR] Anauxiliary opticalorelectronic device
attached to a television camera so the operator can see the scene
as the camera sees it.  {op11cs] A device which provides the
user of a camera with the view of the subject that is focused by
the lens.  { 'vyii findar }

viewing screen See screen. | 'vyl-in skrén |}

viewing storage tube See direct-view storage tube.
'storj b |

viewing time [rLEcTR} Time during which a storage tube is
presenting a visible output corresponding 1o the stored infor-

[ vy Gm )

{ 'vytlip

maton.

76

Vinega,—

viewport See window. { 'vyi,port |
view printer [GraPHics] In microfilm technology, 4 r,
wfth "bmltv-m facilities 10 expose and process enlarger
{ 'vy@ printar | s
vigia [Nav] 1. A rock or shoal whose existence or posit:
doubtful. 2. A warning note of a vigia condition o 5 (
{ vo'hé&a )
vignette [GrapHics] To lighten the edges of a photoera
a halftone illustration so it gradually disappears into the
rounding white of the paper, leaving no sharpedge. { vip
vignetting [opTics] Reduction in intensity of illumin
near the edges of an optical instrument’s field of view ¢;
by obstruction of light rays by the edge of the ape
{ vin'yed-ip }
vigoureux priniing {TEXT] Prnling worsied fibers p
spinning in order to achieve a mixture of light and dark st
in the finished fabric. { ,v&.garu printip }
Vigreauxcolumn [aNALYCHEM] Anobsolete apparatus
in laboratory fractional distillation; it is a long glass tube
indentation in its walls; a thermometer is placed at the top
tube and a side arm 1s attached to a condenser. | ve'grd
am |
Viilari effect [pHYS] A change of magnetic induction w
a ferromagnetic substance in a magnetic field when the
stance 1s subjected to mechanical stress.  { vo'lidré i,fekt
Villari reversal [pHYS] A change in the sign of the v
effect which occurs with some ferromagnetic materials -
the magnetic field strength reaches a certain value. { va
ri,vorsal }
villiaumite [MINERAL] NaF A carmine, isometric mi
consisting of sodium fluoride; occurs in masssive
{ vE'yo,mit }
villous adenoma [MED] A slow-growing, potentially n
nant neoplasm of the mucosa of the rectum; manifeste
bleeding and mucoid diarrhea.  { 'vilas \ad-an'd'ma |
villous placenta See epitheliochorial placenta. { '
pla'senta |
villous tenosynovitis [MED] A chronic inflammatory
tion of a tendon sheath producing hypertrophy of the lining.
the formation of redundant folds and villi. { 'vil'as jten+
2'vid-as }
villus [anaT] A fingerlike projection from the surface
membrane. | 'vilas |}
vinal (tEXT] Any manufactured fiber made of a long-s
synthetic polymer composed of at least 50% by weight of
alcohol units, with the total of the vinyl alcohol units and va

_acetale units being at least 85% by weight of the fiber. |

ol }
vinasse [MATER] Residue from the fermentation of mo!
or grapes; used as a fertilizer and a source of potassium
Also known as schlempe.  { va'nas |}
vinblastine [prarm] C,HgOoN,  An alkaloid obt:
from the periwinkle plant (Vinca rosea) and used, as the st
salt, as an antincoplastic drug.  { vin'bla,stén }
Vincent's angina Se¢ Vincent’s infection. { 'vinsans '
na
Vincent's infection [MED] A noncontagious bacterial i
tion of the oral mucosa characterized by ulceration and fc
tion of a gray pseudomembrane; caused by certain fusi
bacteria and spirochetes; formerly known as Vincent's an
Also known as fusospirochetosis: Plaut-Vincent's infe
trench mouth; ulcerative gingivitis. { 'vin'sans in,fekshe
vincristine  {prHarm]  Cyehos0 Ny
from the periwinkle plant (Vinca rosea) and used, as the st
salt, as an antineoplastic drug.  Also known as leurocrt
{ vin'kr,stén |} ]
Vindobonian [GEoL] A European stage of geologiC
middie Miocene. { ,vin-da'bo-né-an }
vine [BoT] A plant having a stem that is 100 flexible or
to support itself.  { vin } o
vinegar [maTeR] The product of the incomplete oxidatl
acetic acid of ethyl alcohol produced by a primary ferment
of vegetable materials; contains not less than 4 grams of ¢
acid per gallon: used in preparation of pickled fruits and *
tables and in salad dressing. { ‘vin-a-gar } o
vinegar bacteria See Acetobacter. { ‘vin-a-gar bak, liré+
vinegar eel [iNv zoo] Turbatrix aceti. A very small
atode often found in large numbers in vinegar ferment:
Also known as vinegar worm.  { 'vin-a-gar &l

oatealatd avi
Al alkaicig exir
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