853,599

2

H. A. KLIEGL
OVAL BEAM LENS
. Filed May 17, 1956

Sept. 23, 1958

o _a o I 2 8 8 Rm ,M
- __ et RN T AT T . o A N N e e e e o e o
S ASSTTTHREER 60
’ L
I

EBerosve ;%ATTORNEYS

\\ \,.l_.\ ~
\\%ﬂ\wu\ﬁ H #,.,/
8 \\\ e _| #l__..,_..w, N 8
\ =mirmg A 7
= 1] ._ 4; :A_,}
LAt RN
g _ i \
* g i
/ ,_ _ =
; ~ \ ) _
A L
| v i
| 5
| i N
I g .
= - ¥ — ] L~ i I
s | 9l



United States Patent O:;

2,853,599

‘Patented Sept. 23, 1958

fice

1

2,853,599 - -
OVAL BEAM LENS

Herbert A, Kiiegl, Forest Hills, N. Y., assignor to Kliegl
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This invention relates to lenses, and more particu-
larly to an 1llum1nat1ng spotlight lens comprising a novel
combination of prisms for producing a light beam of
oval cross-section having a substantially uniform light
intensity throughout.

Effective illumination of theatrical stages presents
many special problems. Generally the area of the stage
to be illuminated is wider than it is high and the com-
plete and uniform illumination of such a stage has here-
tofore required the use of several carefully adjusted spot-
lights of the round beam type. The only practical alter-
native means for producing a substantially oval or rec-

tangular beam having uniform intensity has been to use

a smgle round beam spotlight of exceptional size in

conjunction with special shutters or “barn doors” which:

are adapted to intercept substantial segments of-the round

beam. Either technique, of course, is. an inefficient

means of utilizing the lighting equipment itself and the
illumination it produces.

I have invented a compound lens to -be employed in
combination with a conventional circular spotlight hous-
ing to produce an oval or elliptical beam of light of
uniform intensity. For a design of given focal length,
my new oval beam lens will produce a beam of light
having a cross-section which has a substantially constant
ratio of width to height. This constant ratio is main-
tained whatever the position of the lems with respect
to the light source from the spot position all the way
to the flood position. Moreover, the beam produced
by my new lens has a substantially uniform distribution
of light intensity throughout its entire. cross-section.
Ordinarily, no special shutters need be .used with my
new lens. This results in the most efficient use, of the
available light from a spotlight of a given size.

The advantages of the illumination obtainable with my‘

new lens are immediately apparent. For example,. in
lighting the stage front of a theatre from.a balcony or
other elevated location an oblong light pattern is re-
quired. This pattern must usually be slightly higher than

a person on stage and, at the same time, of substantially

greater width, inasmuch as the person generally moves,
to the right and left of a given location.  Formerly,
several round spotlights were necessary to - effect. such
a light pattern. Now a single spotlight using my new
lens will produce the same effect. Moreover, the greater
widih of the beam from a single source produces a more
uniform spread of light to right and left and the result-
ant shadows are less noticeable. A more pléasing quality
of illumination of the stage may be obtained with several
units overlappmv the various areas of the stage.

My new lens is also particularly useful for so- called
back lighting of an entertainer. This is & techmque that
has come into wide use with the advent of television.
The head and body of the entertainer are illuminated
from a position above and slightly to the rear. Because
the light pattern should not cover much more than the
actor’s height and the beam is inclined downwardly at
a rather sharp angle, a lens must produce a rather small
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beam angle in one direction. Here again, the actor may
move generally to right and left of the center of the beam
and the extra width obtainable with my new lens means
that the light covers a wider area permitting a freedom
of movement for the actor which could otherwise only be
had- where several pieces of conventional round beam
lighting equipment were used.

A still further example .of stage illumination to which
my new -lens is particularly suited is that of side lighting
where the lights are placed in .the wings or side en-
trances of the stage and slightly above the entertainers.
These side entrances are normally quite narrow. When
conventional round beam lenses are used in the spot-
lights considerable illumination is lost due to the masking
effect of the curtains around the entrance, When ap-
plied in this case, a lens according to my invention is
oriented so that the smaller dimension of the oval beam
is horizontal and the greater dimension of the beam is
vertical. This obviously results in illuminating a much
greater area across the stage with a spotlight of a given
size. Moreover, the effect of side lighting from a single
source is markedly different from that obtained from
a plurality of sources.

Accordmg to my invention, then, I prov1de a spotlight
lens, cast in one piece of glass, and having on its oppo-
site -faces cooperating lens elements which produce an
oval shaped beam of uniform intensity and.variable di-
mensions, but having within small limits, a constant ratio
of height to width. In other words, my lens produces
a beam having a greater divergence in two opposite di-
rections parallel to a first diameter of the lens than the
divergence in two opposite directions parallel to a second
diameter perpendicular to the first diameter,

My new lens has on its light-incident, or rear face a
plurality of arcuate ridges situated on each side of the
second diameter referred to above. These arcuate ridges
are disposed on the face of the lens so that they are con-
cave with respect to .the second diameter and each of
them slopes outwardly and rearwardly-of the lens. In
effect, each ridge is a portion of a lens of negative or
Generally, the refracting
power of each ridge is different from that of adjacent
ridges and the refracting power of each ridge may vary
from the center to its outer edge.

On the. light-emergent or front face of the lems, I
provide a plurality of concentric annular ridges of posi-
tive or convergent refracting power. The relative di-
mensions of the ridges on the light-incident and light-
emergent faces of the lens and their respective refract-
ing powers are initially established according to well-

~ known optical laws to produce an oval beam having any
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desired fixed ratio of height to width. Moreover, the
dimensions of the lens elements may be- designed to pro-
vide any desired focal length for the entire combination.

A feature of my new lens is that an object to be illumi-
nated which is wider than it is high can be illuminated

‘ ~ with ' greater intensity and uniformity- throughout the
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lighted area than is possible. with a conventional round
beam spotlight of the same size and focal length. An
additional feature is that the ratio of the width to the
height of the beam is substantially constant over the
entire range of positions of the lens with respect to
the- light source between the extremes of flood and spot
posmons My invention may be embodied in lenses of
all sizes and focal lengths and such lenses may be shut-
tered or “barn doored” with practically no loss of light
intensity in the remaining beam.

A -detailed description of a preferred embodiment of
my invention is given in the following specification in
which reference is made to the accompanying drawings.

In these drawings: .



)

)
Fig. 1 is a plan view of the rear or light-incident face
of a spotlight lens;
Fig. 2 is a plan view of a front or light-emergent face
of a spothght lens;

Fig. 3 is a partial cross-section of" the lens of Figs. 1‘

and 2 taken along the section line 3—3 of Fig, 2; ‘and

Fig. 4 is a view 111ustratmg the operatlon of t_he ‘lens”

of Figs. 1 and 2.

This embodiment of my invention compnses a smgle"
piece of cast glass 1 which is circular in outline apd is’

generally flat. Fig. 1 represents the Jight-incident face 2
of the lens and will sometimes be referred to as the rear
face.
lens and will sometimes be Treferred to as the front
face. For purposes of orientation in the following de-
scrlptlon I will designate the horizontal diameters indi-
cated at 4 and 5 of Figs. 1 and 2, respectlvely, as the
~first diameters and the vertical diameters 6 and 7 of;
Figs. 1" and 2, respectively, as ‘the second diameters.

To visnalize the complete lens, the reader should
imagine that Fig. 1 is placed back to. back with Fig. 2,
Then, viewing the combination along the section lincs_
3—3 of Fig. 2, one obtains a cross-section as shown in
Fig. 3 in which the upper portion corresponds to the:
light-emergent. face of the lens and the lower portion
corresponds to-the light-incident face. It will be further
understood that this lens is symmetrical about the first
diameter and it is- also symmetrical about the second
diameter.

Referring-now to Figs 1 and 3, the light-incident face
2 of the lens comprises a plurahty of arcuate ridges 8
to the left and right respectively of the second or vertlcal
diametér 6 of the lens. As seen in Fig. 1, the arcuate
ridges are concave with respect to the second diameter
and their radii- of curvature are substantlally greater.
than the radius of-the lens itself: There is also on the

light-incident face a substantially flat central section 10

extending generally along the second diameter 6 on which
there are no ridges but whlch may be spec1ally formed
as will-be explainéd below. This central section is bound-
ed: by the inmost- edges of the arcuate ridges 8 immedi-
ately ‘to the left and right of the second diameter.
Each. of the ridges 8 on .the light-incident face of
the lens is a lens surface of negative or divergent re-
fracting power and generally slopes outwardly and rear-
wardly- of the lens: This can best be seen in the Cross-
section of ‘Fig. 3. Generally, these ridges will not be of
uniform width throughout their lengths nor of the same
refracting power. Moreover, each ridge has a variable
refracting power - from- its- centermost edge to its outer-
most edge. In practice-the optical characteristics of each
ridge. will. be: individually adjusted te produce the desired
height to width.ratio.of: the resultant light beam. In the
particular embodiment -being. described the. inmost ridges

are the widest in.a direction.along the first. diameter 4-

of .the rear.face of lens: 2 and-the ridges.further removed
from the center. of the lens.are:progressively -narrower in
the same direction.

To obtain an even diffusion of illumination from the
light, passing through the central.section and. the wider
ridges. I.have. found it advantageous to provide. flutes .11
on the surfaces- of these elements of. the lens.. These

flutes- are :quite shallow.and: are- concave. in- cross-sec-

tion when viewed from the rear. of:the lens. The flutes
in the. central section of the lens may be- generally. par-
allel to the second- diameter 6 of the lens. and. the flutes.

on the surfaces of innermost ridges follow the curvatures;

of the ridges. The necessity.for these- flutes is. deter-

mined in a. particular-case by the uniformity. of illumi-.

nation produced in a given area.of-the beam.

The Iight-emergent face.'3- of the. lens, as illustrated:

in Figs. 2. and 3, is.provided: with annular- ridges 12
which slope generally. outwardly -and rearwardly of:the
lens.
indicated at 13 and adjacent surfaces_ 13 are joined; by

Fig. 2 represents the hoht-emergent face 3 of the

The optically. effective surfaces of -the ridges. are,
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surfaces 14 sloping outwardly and forwardly of the lens.
These are preferably coated with an opaque, non-reflect-
ing paint, as indicated at 15. These annular ridges are of
progressively increasing-refracting power, being positive
or convergent spherical lens surfaces. The ridges on this
light-emergent face of the lens constitute a conventional
Fresnel lens surface.

An annular flange 16 is integrally cast with the lens

“ body 1 and is used in conjunction with a conventional
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lens mouriting- means of any suitable type. So that the
lens. may be readily oriented in its mounting, I prefer-
ably provide a small notch 17 in the flange 16 at one
extreme of either the first or second diameters of the
lens.

With the foregoing description of the structure of my
new lens in mind, its method of operation will be read-
ily apparent to those skilled in the art. The arcuate
ridges on the light-incident face of the lens tend to

spread incident light by a greater amount in opposite.

directions- parallel to the first diameter of the lens than
they do in. oppos1te directions parallel to the second
diameter. On passing through the body of the lens and
emerging through the surfaces of the annular ridges on
the light-emergent side of the lens the light is further re-
fracted and distributed to produce a resultant beam which
is oval or substantially elliptical in cross-section. By
properly proportioning the ridges on the light-incident

and light-emergent faces of the lens and by proper ad-

justment of the respective refracting powers of the ridges,
the distribution of light over the cross-section of the re-
sultant beam may be made substantially uniform.
Referring now to Flg 4, T have illustrated the opera-
tion of my new lens in con]unctlon with a light source

18 and a screen 20. The maximum umforrmty of illumi-.

nation produced with my new lens is obtained with so-
called spotlight bulbs which have a series of upright and
parallel filament coils arranged in either monoplane, bi-
plane or barrelshaped- construction. The lens may be
used with other-types: of light sources and many ad-
vantages will still be realized.

With the bulb or light source relatively close to the
light-incident face of the lens as indicated in solid out-
line at 21, and with the first diameters 4 and 5 of the
light-incident- and- light-emergent- faces 2 and 3, respec-
tively, horizontal; the beam produced by the lens will

have its greatest height- and width- at a given distance-
from the lens: In Fig. 4 it is.clearly seen that the height of*

the beam projected on the panel is considerably less than
the- width of the beam. In any particular design of a lens
incorporating my invention; the ratio of height to width
of the beam ‘may be given a desired value. For-a given
design, this ratio will remain substantially ‘constant for
any position of the light source. with respect to the lens.

I have -llustrated at 22 in dotted outline the resultant:

beam produced by my new lens when the light source is
relatively far from the lens. This relation of source to
lens produces-a beam whose absolute height and width

are much less than before but retain the predetermined-

ratio. As the source of light is moved closer to the lens

the absolute dimensions of the beam on a screen 20 at
any given distance will increase, but the ratio of height

to width will remain substantially uniform as previously
stated.

My invention is defined in the following claims. The
foregoing descrlptlon of a particular embodiment is mere-
ly for purposes: of illustration and the scope of the in-
vention is not to. be limited thereby.

I claim:

1, A spotlight for producing a beam of light having
substantially uniform intensity. throughout its cross-sec-

tion .and having greater, divergence in opposite directions.

parallel to one diameter of ‘the lens than the divergence
in -opposite- directions parallel to another diameter per-

pendwular tosaid.one diameter, the ratio of divergence.

in; one- dlrectlon to the: d1vergence in the other. direc-

farma,
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tion being substantially constant, which spotlight com-
prises a lens and a light source adapted to be posi-
tioned at variable distance frem the lens, said lens com-
prising a circular, substantjally flat plate of glass hav-
ing on the rear light-incident face thereof a system of
arcuate ridges to each side of said other diameter and
concave with respect thereto, each ridge of said system
sloping outwardly and rearwardly of the lens, the ridges
of said system having progressively greater radii of
curvature from the inmost ridge outward, and each ridge
being a portion of a negative lens surface, and said
lens having thereon refractive means for converging some
of the light transmitted through said light-incident face
which refractive means. is a system of substantially con-
centric annular ridges each of said annular ridges being
a portion of a positive lens surface. ‘

2. A spotlight for producing a beam of light having
substantially uniform intensity throughout its cross-sec-
tion and having greater divergence in opposite direc-
tions parallel to one diameter of the lens than the di-
vergence in opposite directions parallel to another diam-
eter perpendicular to said ome diameter, the ratio of
divergence in one direction to the divergence in the
other direction being substantially constant, which spot-
light comprises a lens and a light source adapted to be
positioned at variable distance from the lens, said lens
comprising a circular, substantially flat plate of glass
having on the rear light-incident face-thereof a system
of arcuate ridges to each side of said other diameter
and concave with respect thereto, each ridge of said sys-
tem sloping outwardly and rearwardly of the -lens, a
substantially plane area between the inmost ridges, and
each arcuate ridge being a portion of a mnegative lens
surface, said plane area having flutes in the surface
thereof, and said lens having thereon refractive means
for converging some of the light transmitted through said
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light-incident face which refractive means is a system of
substantially’ concentric annular ridges each of said an-
nular ridges being a portion of a positive lens surface.

3. A spotlight for producing a beam of light having
substantially uniform intensity throughout its cross-sec-
tion and having greater divergence in opposite directions
parallel to one diameter of the lens than the divergence
in opposite directions parallel to another diameter of
the lens perpendicular to said one diameter, the ratio of
divergence in one direction to the divergence in the other
direction being substantially constant, which spotlight
comprises a lens and a light source adapted to be posi-
tioned at variable distance from the lens, said lens com-
prising a circular, substantially flat plate of glass having
on a rear light-incident face thereof a plurality of arcuate
ridges to each side of said other diameter and concave
with respect thereto, the radius of curvature of each of
said arcuate ridges being substantially greater than the
radius of the flat plate, each of said ridges sloping out-
wardly and rearwardly of said lems, and each being
a combination of negative lens surfaces, and said lens
having thereon refractive means for converging some of
the light transmitted through said light-incident face which
refractive means is a system of substantially concentric
annular ridges each of said annular ridges being a por-
tion of a positive lens surface.
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