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ellipsoid. The axis of light from the source lamp is co-
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opening of an.iris, will be projected at the distant focal
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1
COMPACT FOLLOW SPOT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to stage lighting and
particularly to a compact follow spotlight for stage
lighting applications.

2. Description of the Prior Art

A follow spot is used to achieve the special stage
lighting effect wherein an actor is illuminated by a cir-
cle of light which follows him as he moves about the
stage. In a conventional follow spot, a high intensity
lamp with a rear reflector is projected through a pat-
tern matte and/or an iris and through a lens that focuses
a distant image of the pattern or iris on the stage. Iris
adjustment permits variation of the iris image size. The
spot housing is mounted to pivot both horizontally and
vertically, thereby permitting the operator to move the
spotlight so as to follow the actor.

Certain shortcomings are characteristics of prior art
follow spots. First, the optical arrangement necessitates
a relatively long housing. For example, a typical follow
spot having a 75 foot throw has a housing almost 3%
feet long. Installation in small quarters is impossible. A
principal object of the present invention is to provide
a compact follow spot which is significantly shorter,
typically one-half the length of the prior art devices.

Another shortcoming of known follow spots relates
to heat entrapment. When a conventional follow spot
is tilted downwardly toward the stage, some heat from
the lamp is trapped between the lamp and its reflector.
The resultant temperature increase may shorten the
lamp lifetime. Another object of the present invention
is to provide a follow spot in which such heat entrap-
ment does not occur, and in which natural draft venting
takes place with downward tilting of the housing.

A further problem is that the refracting lenses in
prior art devices may introduce both light loss and
chromatic aberration. An object of this invention is to
provide a follow spot that is achromatic and substan-
tially free of light loss.

One prior art attempt to overcome these shortcom-
ings placed the light source behind a spherical or para-
bolic main mirror having a central hole. Light projects
forwardly through the hole, is reflected back to the
main mirror by a convex mirror in front, and finally is
reflected toward the stage by the parabolic mirror.
Such an arrangement is shown, e.g., in the U.S. Pat. No.
2,755,374 to Ott and Oberholzer. Reflective optics
minimize light loss and are achromatic, but the amount
of light projected is limited by the central hole size, and
the coaxial alignment of mirrors and light source does
not minimize the light loss.

An off-axis reflective organization for use in an auto-
mobile headlight is suggested by the British patent No.
399,121 (1933). This device utilizes a paraboloid re-
flector which produces an unfocused light beam of di-
verging shape when illuminated by an off-axis source
lamp. The beam includes both parallel rays produced
by reflection of light from the lamp that passes through
the focus of the paraboloid, and offset or diverging rays
resultant from light situated slightly outside the focus.
Such an unfocused beam is totally unsatisfactory for
follow spot theatrical lighting applications.
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2
SUMMARY OF THE INVENTION

In accordance with the present invention, the forego-
ing objectives are achieved by providing a follow spot-
light in which the light source is situated in front of an
elliptic mirror, sufficiently offset to one side thereof so
as to be out of the path of reflected light. The mirror
has the shape of an ellipsoid of revolution, the mirror
section being entirely on one side of a meridian plane
of the ellipsoid.

The axis of light from the lamp source passes through
the near focus of the ellipsoid. An iris and/or a pattern
mask is interposed in this light path at the near focal
plane. The elliptic mirror projects a focused image of
the iris or mask opening at the distant focal plane of the
ellipsoid. Astigmatism is minimized. No chromatic ab-
erration is introduced by the mirror, which is the single
reflective surface in the spotlight optical system.

BRIEF DESCRIPTION OF THE DRAWINGS

A detailed description of the invention will be made
with reference to the accompanying drawings wherein
like numerals designate corresponding elements in the
several figures.

FIG. 1 is a transverse sectional view of a compact fol-
low spotlight in accordance with the present invention.

FIG. 2 is a diagrammatic view of the principal com-
ponents of the follow spot shown in FIG. 1. :

FIG. 3 is a diagram showing the geometry of the ellip-
tical reflective optics used in the follow spot of FIG. 1.

FIG. 4 is a pictorial view, partly diagrammatic, show-
ing the ellipsoid of revolution from which is formed the
mirror utilized in the follow spot of FIG. 1.

FIG. 5 is an end view of the ellipsoid of revolution as
viewed along the line 5—5 of FIG. 4.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The following detailed description is of the best pres-
ently contemplated mode of carrying out the invention.
This description is not to be taken in a limiting sense,
but is made merely for the purpose of illustrating the
general principles of the invention since the scope of
the invention best is defined by the appended claims.

Referring now to FIGS. 1 and 2, the inventive com-
pact follow spotlight 10 includes a housing 11 that has
an open front end 12. Mounted within the housing 11
near the rear end 13 is an elliptic mirror 14, the geo-
metric characteristics of which are specified in detail
below. Situated near the housing front end 12 is a lamp
15 and an associated elliptical reflector 16 arranged to
project light toward the mirror 14. Preferably the cen-
tral axis 17 of light from the lamp 15 passes through the
near focus 18 ofthe elliptic mirror 14 and impinges at
the center 19 of the mirror 14. The mirror 14 is so ori-
ented that reflected light incident along the central axis
17 is reflected out of the spotlight 11 along a line 20
that preferably coincides with the centerline of the
housing 11 through the center of the opening 12.

The lamp 15 and reflector 16, of course, produce a

"cone of light centered about the axis 17. The cone size

is limited by an annular reflector 21 situated at the
open end of the lamp reflector 16. The reflector 21 also
returns otherwise lost light back toward the reflector
16. When reflected by the elliptic mirror 14, the cone
of light diverges as it leaves the housing 11, but is fo-
cused in a plane 22 (FIG. 3) that coincides with the re-
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mote focal point 23 of the elliptic mirror 14. The mir-
ror geometry minimizes astigmatism despite the offset
location of the lamp 15. The lamp 15 and reflector 16
are mounted in a holder 24 which itself is attached to
or part of the housing 11. As shown in FIG. 1, this
holder 24 is near the lower edge of the open front end
12. Importantly, the holder 24 is offset sufficiently from
the centerline 20 so as to be substantially out of the
path of light reflected from the mirror 14. Light block-
age is minimal or avoided entirely.

An iris 25 (FIGS. 1 and 2) is situated in the light path
between the lamp 15 and the mirror 14, coincident
with the near focus 18. The iris 25 is a conventional
item that has a plurality of overlapping opaque leaves

26 that define a circular opening 27 (FIG. 2) of adjust-.

able size. As a result of the focusing action of the ellip-
tic mirror 14, an image of the iris opening 27 is pro-
jected in the remote focal plane 22. The geometry and
orientation of the mirror 14 is such that astigmatism of
the projected image is minimized. For theatrical appli-
cations, this means that the projected spot will be circu-
lar.

Of course, other shapes may be desired for the pro-
jected light, and this is facilitated by a pattern matte or
mask 28 which can be inserted through a gate 29 into
the light path as shown in phantom at 28’ in FIG. 2. The
matte 28 is situated sufficiently close to the iris 25, and
to the near focal plane 30 through the focus 18, so that
the projected image of the pattern 31 will be in focus
at the distant image plane 22 (FIG. 3).

The reflecting surface of the mirror 14 comprises a
section 14’ of an ellipsoid of revolution 36 (FIGS. 4
and 5) which is generated by revolving an ellipse 36’
(FIG. 3) about an axis of revolution 37 corresponding
to the ellipse major axis 37’. The mirror section 14’ is
offset to one side of a meridian plane 38 that includes
the axis of revolution 37. In the coordinate system of
FIGS. 3, 4 and 5, this meridian plane corresponds to
the X-Z plane (with Y=0). The mirror section 14’ is
generally circular when viewed along the line 17" be-
tween the focus 18 and the center 19 of the section.

The ellipsoid 36 parameters are established by spot-
light design criteria. Thus the desired “throw”’, i.e., the
distance from the follow spot 10 that the light is fo-
cused, determines the length 2¢ between the foci 18
and 23. The angular offset 6 of the light source 15 and
the distance U between the iris 25 (in the focal plane
30) and the mirror 14 are dimensions of choice. Since
U = (a—e)sind, these parameters establish the major
axis length 2a of the ellipse 36’. Another design choice
is the desired magnification, i.e., the size ratio between
the iris opening 27 and the projected light image. The
approximate magnification M is given by:

2a
(a—e)

M=

The diameter of the mirror 14 likewise is a design
choice, and will depend in part on the size of the light
cone from the lamp 15 and the reflectors 16 and 21.

By way of example only, a practical follow spot hav-'

ing a throw of about 75 feet may have the following pa-
rameters:

6=19° mirror diameter = 12 inches
U = 19 inches magnification =48
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4
-Continued
a = 38.3 feet
e = 36.7 feet
b= 10.8 feet
€= 0.96

Such a follow spot readily may be constructed in a
housing 11 having an overall length of about two feet,
almost half the size of a conventional follow spot of like
throw and magnification.

In the follow spot 10 of FIGS. 1 and 2, the mirror 14
comprises a section 14’ lying entirely on one side of the
meridian plane of a front-aluminized glass shell 36 in
the shape of the defined ellipsoid of revolution. The
mirror 14 is mounted within the housing 11 so that an
identification point 42 (FIG. 5) on the section 14’, in
a line between the center 19 and the axis of revolution
37, has the same angular orientation with respect to the
opening 12 as does the light source 15. In other words,
if the lamp 15 is situated at the bottom of the housing
11, the point 42 likewise will be at the bottom of the
housing 11. This insures that the geometry illustrated
in FIG. 3 will be maintained in the actual follow spot
10, resulting in a projected image free of astigmatism.
Thus even though the circular iris 25 image is projected
onto the mirror 14 from a position offset from the cen-
terline 20, the characteristics of the elliptic mirror 14
will result in a circular image at the distant focal plane
22.

Some adjustment of the “throw” or distance to the
projected image is desirable. To this end, the mirror 14
advantageously is mounted to permit limited back and
forth movement, parallel to a normal 43 to the mirror
center 19, without angular rotation of the mirror. Ac-
cordingly, the mirror 14 is secured at its periphery by
the legs 44 of a bracket 45 having at its center a rear-
wardly extending, threaded boss 46. The boss 46 ex-
tends through a rigid mounting bracket 47 affixed to
the housing 11. A compression spring 48 biases the
mirror 14 toward the front end 12 of the housing 11.
However, forward motion is prevented by a knurled nut
49, threaded to the boss 46, that engages the bracket
47. If the nut 49 is loosened, the force of the spring 48
will move the mirror 14 forward. If the nut 49 is tight-
ened, the mirror will move rearwardly. Rotation of the
mirror 14 is prevented by guides 50 extending from the
bracket 47 into holes 51 in the bracket 45. Alternately,
the mirror 14 may be moved linearly parallel to the
light beam center axis 17, also resulting in a change of
“throw” distance. The mirror 14 itself preferably is
mounted at three peripheral points, separated by 120°,
by means of spring loaded supports 52 that permit fine
adjustment of the mirror alignment.

Advantageously, the housing 11 is attached to a sup-
port 53 by means of a pivotal joint 54 that permits the
follow spot 10 to be pivoted about either the horizontal
or vertical axis. When the follow spot 10 is tilted down-
ward, the opening in the reflector 21 is higher than the
lamp 15, thereby permitting natural draft ventilation of
the lamp. This is in contradistinction to prior art follow
spots in which the lamp opening pointed in the same
direction as the housing, so that when tilted downward,
heat from the lamp would be trapped by the reflector.

Various accessories may be interposed in the light
path from the lamp 15 to the mirror 14. Thus as shown
in FIG. 2, the follow spot 10 is provided with a pivoting
shutter 56 that can be inserted in front of the lamp 15
(as shown in phantom at 56’) to block the light en-



5

tirely. A set of color filters §7 also may be provided.
One or more of these can be interposed in the light path
(as shown in phantom.at 57) to obtain a colored spot.
A flood or spread lens 58 also may be employed to in-
crease the effective magnification in one or both image
axes. In the drawings the lamp 15, and the various ac-
cessories are shown at the bottom of the housing 11.
However, this is not required. These items could be sit-
uated near the top of the housing, and thus permit eas-

ier operator access to the iris, shutter and filter con- !

trols. Intending to claim all novel, useful and unobvious
features shown or described, the applicant claims:
1. A compact follow spotlight comprising:
a housing having one end that is optically transpar-
ent,
an elliptic mirror mounted within said housing near
- the other end thereof, the reflecting surface of said
mirror comprising a section of an ellipsoid of revo-
lution, said section being offset to one side of a me-

ridian plane including the axis of revolution of said °

ellipsoid, and

a light source mounted within said housing near said
one end remote from the near focus of said ellip-
soid of revolution and offset to one side thereof so
as to be substantially out of the path of light re-
flected from said mirror, said light source being ar-
ranged to project light past an object to be imaged
placed at the near focus of said ellipsoid of revolu-
tion and toward said mirror, light from said source
being reflected by said mirror through said trans-
parent end and focused by said elliptic mirror in a
distant focal plane coinciding with the far focus of
said ellipsoid of revolution.

2. A follow spotlight according to claim 1 wherein
said light source comprises a lamp and an associated
reflector for projecting a beam of light toward said el-
liptic mirror, the central axis of the light beam from
said lamp passing through the near focus of said ellip-
soid of revolution and impinging on said mirror near
the center thereof.

3. A follow spotlight according to claim 1, wherein
said object to be imaged comprises an iris interposed in
the light path between said source and said mirror at
said near focus.

4. A follow spotlight according to- claim 2 wherein
said mirror is angularly oriented within said housing so
that the peripheral point of said mirror section nearest
said ellipsoid axis of revolution is in a plane including
said near focus and the central axis of light reflected
from said mirror, on the same side of said housing as
said source.

5. A follow spotlight according to claim 2 wherein
said mirror section subtends an angle of about twice the
angle between said light beam central axis and said el-
lipsoid axis of revolution.

6. A follow spotlight according to claim 1, wherein
said mirror is mounted for limited linear movement,
without rotation, parallel to a normal through the cen-
ter of said mirror, said limited movement permitting
adjustment of the focus of said spotlight for different
throw distance.

7. A follow spotlight according to claim 2, wherein
said mirror is mounted for limited linear movement,
without rotation, parallel to said light beam central
axis, said limited movement permitting adjustment of
the focus of said spotlight for different throw distance.
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. 8. A follow spatlight according to. claim 2 wherein
said lamp-associated, reflector, is elliptic, and wherein
said light source includes an annular reflector at the
open end of said lamp-associated reflector for limiting
the size of said light beam so that said beam is com-
pletely encompassed by said mirror, and further com-
prising a pattern mask interposable in said light beam
adjacent the near focal plane of said ellipsoid of revolu-
tion

9. A follow spotlight according to claim 8 further
comprising a mounting for said housing that permits
both vertical and axial pivoting of said housing, and
wherein said housing one end is open and said light
source is mounted near the bottom of said housing
open end, so that when the housing one end is pivoted
downward, heat from said lamp will rise through said
annular reflector and through said open end to accom-
plish draft ventilation of said lamp.

10. A follow spotlight according to claim 2 further
comprising a flood or spread lens interposed in the light
path between said source and said mirror to increase
the effective magnification of the spotlight image.

11. A light projection system comprising:

an elliptic reflector, the reflective surface of which is
a section of an ellipsoid of revolution on one side
of a meridian plane of said ellipsoid, and
light source situated in front of said reflector and
remote from the near focus thereof for directing a
beam of light onto said reflector through said near
focus, said reflector thereby projecting an image,
focused in the remote focal plane of said ellipsoid,
of an object situated in the path of said beam at the
near focal plane of said ellipsoid, said light source
being offset to one side of said reflector so as to be
substantially out of the path of light reflected from
said elliptic reflector.

12. A theatrical follow spot comprising the light pro-
jection system according to claim 11 together with a
pivotally mounted housing containing said light projec-
tion system and an iris situated in the path of said beam
at said near focal plane of said ellipsoid.

13. A follow spot according to claim 11 wherein said
reflective surface is the front surface of said reflector,
said light projecting system thus being characterized by
a single reflective surface. :

14. A light projection system comprising

an elongated housing having one open end,

an ellipsoidal mirror mounted within said housing op-

posite said open end, the reflecting surface of said
mirror comprising a section of an ellipsoid of revo-
lution, said section being offset to one side of a me-
ridian plane including the axis of revolution of said
ellipsoid,

light source means comprising an elliptical reflector

for projecting a beam of light,

means for mounting said light source means within

said elongated housing adjacent said open end, off-
set to one side thereof and remote from the near
focus of said ellipsoidal mirror so as to direct said
beam of light through said near focus onto said el-
lipsoidal mirror, and,

iris means interposed in said beam of light at said

near focus, whereby an image of said iris means is
caused to focus in the far focal plane of said ellip-
sotdal mirror.

15. The light projection system of claim 14, further
comprising means for mounting said ellipsoidal mirror
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for linear movement parallel to the central axis of said comprising an annular reflector means mounted about

beam of light whereby the throw of said system may be the open end of said elliptical reflector for selectively
adjusted. limiting the size of said beam of light.

16. The light projection system of claim 15, further ¥ Ok k¥ %
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