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~ UNITED STATES

Re. 17,038

PATENT OFFICE.

EDWIN C. BALLMAN, OF ST. LOUIS, AND EDWARD P. EVERS, OF OVERLAND, MISSOURI,
- ASSIGNORS, BY MESNE ASSIGNMENTS, TO ACME MOTION PICTURE PROJECTOR COM
PANY, OF CHICAGO, ILLINOIS, A CORPORATION OF ILLINOIS. :

PROJECTING

APPARATUS.

Original No. 1,275,120, dated August 6, 1818, Serial No. 855,420, filed August 6, 1914. Application for .
reissue filed Angust 4, 1920. Serial No. 401,276. '

This invention relates to projecting ap-
paratus.

The ordinary optical lantern used in ster-
eoptican or moving picture machines com-
prises a source of light, a condenser adapted
to concentrate the light on the slide or film,
and a projecting lens adapted to project
an image of the object on the slide or film
on a screen. The source of light is neces-
sarily positionéd some distance from the
condenser, and ‘the condenser, therefore, re-
ceives only the light represented by the solid

-angle having the source of light as the apex.

This solid angle forms only a small part of
the total angle, and as a result, therefore, in

the ordinary projecting apparatus only

- about 314 per cent of the total light of the
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‘source is collected and projected on the
scréen. In view of the fact that only a small
percentage of the total light can be. utilized,
the intensity of this source must be very
great, and it is, therefore, necessary to utilize
a high candle power source, such as an arc.
The arc must, however, be placed a consid-
erable distance from the condenser to avoid
breakage, thereby causing the solid angle to
Le small; in addition, the high temperature
arc is a source of danger, especially in mov-
ing picture machines, where an inlammable
film is.used. Apart from the low effective
efficiency of this apparatus and the danger
involved in its operation, the arc is neces-
savily an unsteady source of light, which re-

' quires constant regulation, which regulation
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can -only be accomplished by hand and,
therefore, requires for its operation, excep-
tionally skilled operators, and even then the
image will be unsteady. '
Some of the objects of this invention
thercfore are, to. provide a projecting ap-
paratus which will obviate the disadvantages
of the present construction, which is charac-
terized by high efficiency, constancy of oper-
ation, which requires practically no atten-
tion, and in which the danger from fire is
entirely eliminated. . =
More specifieally stated, the objects of this
invention are, to provide a projecting ap-
paratus in which the source of light is com-
bined with an ellipsoidal reflector, which is
constructed and arranged with respect to the
source of light and the object to be projected-

to concentrate the major part of the light
from said source on said object in such a
manner that the object will be illuminated
uniformly, '

Further objects will appear from the de-
tail description taken in connection with the
accompanying drawings, in which:

Figure 1 is a diagram of a projecting ap-
paratus as heretofore constructed,

- Figure 2 is a diagram of a projecting ap-
paratus constructed in accordance with this
invention, ?

Figure 3 is a detail diagrammatical view
of the apparatus shown in Figure 2, show-
ing the object in another position,

Figure 4 is an enlarged detail diagram-
matical view of Figure 2, showing the dis-
tribution of the light on the object,

Figure 5 is a diagram of a projecting ap-
paratus, illustrating another embodiment of
this invention, and Figure 6 is a detail, show-
ing the objrect in another position,

Figure 7 is an enlarged detail diagram-
matical view of Figure 5, showing the dis-

tribution of light on the object when this

object-is in its two positions,

Figure 8 is a’ diagram of a projecting ap-
paratus, illustrating another embodiment of
this invention, -

Figure 9 is a diagram of a projecting ap-
paratus, illustrating another embodiment of
this invention,

Figure 10 is a diagram of a projecting ap-
paratus, showing another embodiment of
this invention,

Figure 11 is a diagram of a projecting ap-
paratus, showing still another embodiment
of this invention, '

Figure 12 is a diagram of a projecting ap-
paratus showing a further embodiment of
this invention, and

Figure 13 is a diagram of a projecting ap-
paratus showing a still further embodiment
of this invention. :

Referring to the accompanying drawings,
and more particularly, to Figure 1, 10 desig-
nates a source of light, such as an arc, 11 the
condenser, 12 the object, and 13 the project-
ing lens which projects an image of the ob-
ject on the screen., Upon referring to this

Afigure, it will be seen that the total light
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received by the condenser 11 is that repre-
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_ sented by the éolid angle A having its apex

10

at the source of light, and it will be obvious
that this solid angle is enly a small propor-
tion of the total solid angle representing the
total light emitted from said source.

Referring now, to Figure 2, B—C repre-

sents the axis of the apparatus, 15 the source
of light, 16 the object (slide or film), and 17
the projecting lens. A reflector 18 compris-
ing an ellipsoid, formed by revolving an el-
lipse about B—C as the axis of revolution, is

so arranged that one of its foci F is' posi-
‘tioned at the source of light 15, while its
“other focus F’ is positioned adjacent the ob-

ject 16. Now, in an ellipsoid, a ray originat-
ing at one focus and incident on the ellip-
soldal surface will be reflected back to the
other focus.
when a source of light is positioned at one

- focus of an -ellipsoidal reflector, the total

light will be reflected back and come to a
focus at the other focus. If, therefore, we
utilize an ellipsoidal reflector, placed as
shown in Figure 2 and with the reflecting
surface extending behind said source and
also beyond the source, the major part of the

light from said source will be concentrated -

at the other focus. The proportion of the
total light emitted, concentrated at the other
focus, increases as the reflecting surface is
extended beyond or in front of the source of
light, but it will be noted that the ‘major
part of the emitted light is thus concentrated
when one-half and even one-fourth of a com-
plete ellipse is used. o

If the object 16 is placed in the concen-
trated beam of light, either to the left or to
the right of the focus F”, as shown in Fig-
ures 2 and 3 respectively, this object will re-
ceive the major part of the light emitted b
the source. - As g matter of fact, taking bot

the reflected and -the direct illumination, the

object will receive practically all of the light
from the source. ’Fhe image of the object so
illuminated is projected by the projecting
lens 17 on the screen.

With this construction, therefore, practi-
cally all of the light emitted from the source
will be concentrated on the object so that
there is no-loss, and the efficiency will, there-
fore, be exceedingly high. In the practical
case illustrated in Figure 2, the total light
concentrated on the object will be 80 per cent
and even more, of the total light emitted by
the source. It will, therefore, be obvious
that, with this construction, the intensity
of the source can be very much less than the
intensity
shown in Figure 1, which utilized only a
small proportion of the light emitted. With
this construction, therefore, a source, of light

having a-candle power 6f 100 will result in.

an image having the same brightness as the

image produced by the prior construction,-

shown in Figure 1, when a source, such as

It,  therefore, follows that,.

with the prior construction, as:
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an arc having a candle power of 2000 is
used. _ ; .
Although the apparatus shown in Figures

.2.and 3 has a high efficiency, the intensity of

the light on the object illuminated is not uni-

form, but this intensity decrcases from near

the center outwardly, thereby forming a
bright ring. This is shown in Figure 4,
where the curves ¢ designate the intensity
curves, the abscisse representing intensity
of illumination. 1t will thus be seen that,
theoretically, there will be a comparatively
dark spot 1n the center, and then a bright
ring which will shade down in intensity to-
ward the outside circumference, and also to-
ward the center. The direct illumination
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will, of course, equalize and flatten out the .

curve slightly, especially at the center, as in-
dicated by the dotted line &, but even in this
case, the illumination will not be uniform.
In accordance with this invention, however,
the reflector is so constructed, or means are
{).r_ov_i_de‘d for causing the distribution of the
ight on the object to be uniform. Such a
construction is shown in Figures 5 to 12 in-

- clusive. .

Referring, more particularly, to Figures
5, 6 and 7, B—C reprezents the axis of revo-
lution of the surface of revolution'forming
the reflecting surface of the reflector. In
this case, however, the surface of revolution
is generated by an ellipse section 20 having
its axis displaced with respect to the axis of
revolution. In this particular embodiment,
the axis of the ellipse section is shown at
D-—E, and this axis is displaced at an angle
with respect to the axis B—C, and passes
through the focus F. The other focus of the
elipse section 20 is shown at £, and this focus
is located above the axis of revolution B—C.
The revolution of the ellipse section 20 about
the axis B—C will, therefore, form a distort-
ed ellipse which, in this case, isexpanded,and,
since the ellipse axis D—E .wilf generate a
cone, the locus of the focus f will be a circle.
The lower portion of the focus is shown at
7', and the axis D—E, when in opposite po-
sition, is shown at D’--E’. The formation
and structure of the beani of light is shown
in Figure 5. In Figure 5, the object 16 is
shown inside of the foci £, f*; while.in Fig-
ure -6, the object is positioned beyond these
focl. A contracted ellipsoid miay be formed
by swinging the ellipse section 20 toward
the axis B-—C, i. e., by positioning the ellipse
section axis D—E so that it falls below ‘the
axis B—C, or at D’—E". _

Figure 7 shows the illumination curves
formed with this reflector at the object, when
in the two positions shown in Figures 5 and
6. It-will be seen that the parts of the re-
flector on diametrically opposite sides will
form curves which are reversely arranged.
At the plane to the left of the foci £, f’, the
curves are separated so as to leave a dark
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spot at the center, surrounded by a bright
ring. To the right, however, the curves come

together and overlap. The resultant curve ¢,
.shown in dot and dash lines, is, therefore,

substantially uniform throughout. In case a
contracted ellipse is used, the action is re-
versed, so that planes to the left of the foci
will have uniform illumination. ‘The beam
may also be turned by a lens so that the
curves of Figure 5 will overlap to produce a
uniform illumination at the left of the foci.
The curves shown in Figure 7 are theoretical
curves, considering the source of light as a
point.  Taking into consideration, however,
that the source of light is not a point, even
when a filament, and considering also the di-
rect illumination, which is greatest at the
center of the object and diminishes toward
the outside, it will readily be seen that the
resultant illumination curves will be nearly
flat. With this construction, therefore. the
illumination of the object: is substantial-
ly uniform throughout. This construction

therefore, in addition to concentrating the.

major part of the light from the source on
the object, causes a uniform illumination of
the object so that the projected image will
also be uniform. '

Figure 8 shows a construction in which a

negative or plano-convex lens 21 is inter-
posed between the reflector 18 and the object
16. This lens is used partly for the purpose
of bending the beams outwardly and length-

_ ening them, so as to permit a short focal
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5 length reflector to be used, and partly to dis-

perse the light before it strikes the object, so
as to render the illumination more uniform
by flattening out the intensity curves shown
in Figure 4. The construction of the reflec-
tor'is, in this construction, shown as the same
as that shown in Figure 2, but this negative
Jens also may be applied to the constructions
shown in Figures 5 and 6, as well as in the
constructions hereafter described.

In Figure 9 the reflector is a compound
construction comprising an ellipsoidal reflec-

“tor 25 having foci F, F”, and a spherical re-

flector 26 having the focus ¥ as a center. In
this construction, the beams passing outside
of the reflector 25 will strike the reflector 26
and will be reflected back through the center
or focus F, striking the elliptical reflector
surface 25 and being reflected back to the
other focus F’, as shown in Figure 9. In
order to utilize as much light as possible,
sectional spherical reflectors 27 and 28 of
successively increasing radii extend bevond
the reflectors 26 and bound the beam of light.

The action of these reflectors 27 and 28 isthe

same as the reflector 26. In this construc-
tion, therefore, the reflector 25 will, by single
reflection, and the reflectors 26, 27 and 28 in
combination with the reflector 25 will, by

double reflection, cause substantially all of the

light emitted from the source 15 to be con-

3

centrated on the object 16. The reflector 25
may also be a spherical reflector. In this
case, the light 15 15 placed between the center
and the reflector, and preferably close to the
reflector, while the reflectors 26, 27 and 28
have their centers at the source of light as
before. While such a device will cause con-
centration of light on the object, it is not as

satisfactory as the construction shown in

Figure 8. .

‘Figure 10 shows a construction in which
the reflector has a compound reflecting sur-
face made up of an ellipsoidal part 30 hav-
ing its foci at F and F”, and a sphierical part
31 having its center at F. In this construc-
tion beams of light impinging directly upon

the ellipsoidal surface will be concentrated at

the focus F’, while beams striking the spheri-
cal .surface, 21, will, by double reflection, be
concentrated at F’, as in the construction
shown in Figure 10. This construction pos-
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sesses the advantage in that it permits more -

space rearwardly of the focus F to receive
the source of light 15, and is of special ad-
vantage in small devices. o

In the construction shown in Figures 2 to
10 inclusive, the source of light is placed at
a single focus, and this source of light may

be an incandescent lamp of comparatively

low power, and having a-closely looped fila-
ment. Figures 11 and 12 show constructions
in which the filament is a ring, and in which
the reflector has foci whose locus is a circle,
so that the filament of the incandescent light
can be placed to conform to this locus.
Referring first to Figure 11, 35 designates
a section of an ellipse having an axis H—I
and having foci F—f. This ellipse is so
positioned that its axis cuts the axis of revo-
lution B—C and so that one focus F will be
positioned above the axis, while the other
focus f will be positioned below the axis.
The surface of revolution will, therefore. be
a compound ellipsoid whose foci form eir-
cular loci having the axis B—C as centers.
The source of light comprises a filament 36
circular in form and placed in a ring shaped
bulb 37, and following the locus of the foci
F, F’, whereby each part of the filament
will be positioned at the focus of the ellipse.
With this construction, the light from the
source will be concentrated on the object
16, as in the other constructions. The in-
tensity curves will be very similar to those
shown in Figure 7, so that the distribution
of the light on the object will be snbstantial-
ly uniform throughout. This reflector may
also be so constructed that the focus f is
above the axis B—C, so that the beams of
light will not cross as in Figure 11.
_ The object 16 may be placed either inside
of the foci f, f’, or outside of these foci, in
the manner shown in Figure 6. In each case,
the major part of the light emitted by the

source will be concentrated on the object,
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and the intensity of illumination will be sub-
stantially uniform. The provision of a cir-
cular filament following the locus of the foci
F, F’ permits a high voltage incandescent
lamp to be used, thereby adapting this con-
struction for high power apparatus. It will
be understood, that, in this construction, as
in the other constructions, the source of 1ight
is suitably supported in the reflector from
the rear, and the electrical connections are
suitably made to a source of electric current.

In the construction shown in Figure 12
the reflecting surface of the reflector is
formed by an cllipse 40 having its axis J—K
at an obtuse angle with respect to the axis
of revolution B—C so as to form a com-
pound ellipsoid having the cross section
shown in the figure. The generating ellipse
has foci F, F’, and there foci, as in the con-
struction shown in Figure 11, are positioned
or have their loci in circles having their cen-
ters on the axis B—C. The source of light,
which comprises a filament 36, similar” to
that shown in Figure 11, is arranged to lie
along the locus of the foci F. F’. A conical
mirror 41 is positioned inside of the reflec-

tor so as to receive the light on its reflect-

ing surface. The angle of this mirror sur-
face with respect to the axis B—C is such
that the beams. reflected from' the mirror
surface will come to a focus £, #’, having a
circular locus. The object 16, therefore, re-
ceives the beam of light issuing from the re-
flector, this beam being concentrated on the
object and illuminating the same uniformly,
as in the other constructions.

Figure 138 shows a construction in which
the elliptical reflector 45 forms the bulb for
the source of light. In this construction the
foci are shown at F, F’, the source of light
(filament) being positioned at one focus F,
and the light from this source coming to a
focus at F’ and being concentrated on the
object, 16— The bulb, with the exception of

‘the surface bounded by the line 46 repre-

senting the issuance of the conical beam of
light concentrated on the object, is silvered
to form a reflecting surface, but is left un-
silvered where the conical beam of light
issues. This construction is of advantage in
small units. since the bulb there performs
the double function of a bulb and a concen-
trator. . ' :

In the construction shown in Figure ‘13.
the reflector 45 is a simple ellipsoid formed
as shown in Figure 2. This bulb may, how-
ever, be a compound ellipsoid of the form
shown in Figures 5 to 12 inclusive. In the
first cases, the filament will be closely coiled,
while-in-the latter cases (Figures 11 and 12)
this filament will be a ring."

Tt will, therefore; be-seen that the inven-
tion accomplishes its object. An apparatus
is produced in which the major part and sub

stantially all of the light emitted by the

17,038

source is concentrated on the object whose
image is to be projected on the screen. The
efficiency of the apparatus will, therefore,
be very high, permitting the use of a low
candle power zource of light. Such a low
candle power source not only lessens the
danger from fire, bhut also protects the appa-
ratus. - Since this construction permits the
use of an incandescent filament adapted to
operate from a constant voltage system. the
intensity of illumination may be kept con-
stant without attention from the operator.
This feature, in connection with the uni-
form distribution of the light on the object
illmninated and to be projected, resultsin an
image which is uniform and constant.

It is obvious that various changes may
be made in details of construction without
departing from the spirit. of this invention,
and it is, therefore, to be understood that
this invention is not to be limited to the spe-
cific construction shown and described.

Having thus described the invention, what
is claimed is:

1. A projecting apparatus comprising an 90
cllipscidal reflector, a source of light posi-
tioned at the focus of said reflector so as to
cause the latter to concentrate the major
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“part of the light from said source on an ob-
_ject, and means for projecting an image of ¢

the object on a screen.

2. A projecting apparatus comprising an
ellipsoidal reflector, an object positioned ad-
jacent one of the foci of said reflector, a
source of light positioned inside of said re- 1w
flector at the other focus thereof so as to
cause said reflector to concentrate the major
part of the light from said source on said ob-
ject, and means for projecting an image of
said object on a screen. .

3. A projecting apparatus comprising a
source of light, an ellipsoidal reflector in-
closing said source of light, said source of
light being positioned. at one of the foci of
said reflector, an object positioned adjacent 110°
the other focus of said reflector, whereby
said reflector concentrates the light on said
object, and means for projecting an image
of said object on a screen.

4. A projecting apparatus comprising a 115
source of light, an object, an ellipsoidal re-
flector constructed and arranged svith re-
spect to said source and said object to con-
centrate the major part of the light from
said source on the object, and means for pro- 120
jecting an image of said object on a screen.

5. A projecting apparatus comprising a
source of licht, an object, an ellipsoidal re-

105

- flector positioned with one focus at said

source and the other focus adjacent said 125
object, said reflector extending behind said-
source, and means for projecting an image
of said object on a screen, _

6. A projecting apparatus comprising a

-scurce of light, an object, an ellipsoidal Te- 130
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flector constructed and arranged with re-
spect to said source and said object to re-
ceive and concentrate on said object the
major part of the rays emitted by said
source, and means for projecting an image
of said object on a screen. :

7. A projecting apparatus comprising a
source of light, an object, an ellipsoidal re-
flector positioned with one focus at said
source and with the other focus adjacent
said object, and constructed to receive and
concentrate on said object the rays imping-

_ing rearwardly from said source, and means

for projecting an image of said object on a
screem. ' '
8. A projecting apparatus comprising a

source of light, an object, an ellipsoidal re-

flector constructed and arranged with re-
spect to said source and said object to con-
centrate the light from said source uniform-
ly on said object, and means for projecting
an image of said object on a screen.

9. A projecting apparatus comprising a
cource of light, an object, an ellipsoidal re-

5 flector constructed and arranged with re-

spect to said source and said object to re-

ceive and concentrate uniformly on said ob- -

ject the major part of the rays_emitted by
said source, and means for projecting an

image of said object on a screen.

10. A projecting apparatus comprising a
source of light, an object, an ellipsoidal re-
flector arranged with respect to said source
and said object to concentrate the light on
said object, and constructed to distribute the
light uniformly on said object, and means
for projecting an image of said object on a
screen. ‘

11. A projecting apparatus comprising a
source of light, an object, an ellipsoidal re-
flector positioned with one focus at said
source and with the other focus adjacent said
ohject, means for distributing the light from
anid snurce uniformly on said object, and
means for projecting an image of said object
on a screen. : '

19. A projecting apparatus comprising a’

source of light, an object, an ellipsoidal re-
flector positioned with one focus at said
source and with the-other focus adjacent
said object, said reflector being distorted to
control the distribution of the light from
said source on said object, and means for
projecting an image of said object on a
sereen. < '

13. A projecting apparatus comprising a
source of light, an object, an ellipsoidal re-
flector having a plurality of foci at one end
and arranged with respect to said source and
said object to concentrate the light from said
source on said object, and means for pro-
jecting an image of said object on a screen.

14. A projecting apparatus comprising a
source of light, an object, an ellipsoidal re-
flector ha¥ing a plurality of foci at one end,

S

“sald source being at one focus and said ob-

' ject being adjacent another focus, and means
for projecting an image of said object on a
screem. - - :

15. A projecting apparatus comprising a
source of light, an object, an ellipsoidal re-
flector having its elliptical axis displaced
with respect to its axis of revolution and ar-
ranged with respect to said source and said
object to concentrate the light from said

source on said object, and means for pro--

jecting an image of said object on a screen.

16. A projecting apparatus comprising a
source of light, an object, an ellipsoidal re-
flector having its elliptical axis displaced
angularly with respect to its axis of revolu-
tion and arranged with respect to said source
and $aid object to concentrate the light from
said source on said object, and means for

- projecting an ‘image .of said object on a

screen. , e

17. A projecting apparatus comprising a
source of light, an object, an ellipsoidal re-
flector having its elliptical axis displaced
with respect to its axis of revolution to form
a plurality of foci at one end, and arranged
with respect to said source and said ob-
ject to concentrate the light from said source
on said object, and means for projecting an
-image- of -said object on a screen. -

18. A projecting apparatus comprising a
source of light, an object, an ellipsoidal re-
flector constructed to form a zone of uni-
form intensity, said reflector being arranged
_with respect to said source and said object

to concentrate the light from said source

on said object, and means for projecting an
image of said object on a screen.

19. A projecting apparatus comprising a
source of light, an object, an ellipsoidal re-
flector having said source at one focus and
said object adjacent the other focus, said re-
flector being constructed to form a zone of
uniform intensity at said object, and means
for projecting an image of said object on a
sCreen. ‘ ,

20. The combination with a source of
light, of an ellipsoidal reflector having a
plurality of foci at one end.

91. The combination with a source of
light, of an ellipsoidal reflector having its
elliptical axis displaced with respect to its

a source .of

axis of revolution. :

99. The combination with
light, of an ellipsoidal reflector having its
elliptical axis displaced angularly with re-
spect to its axis of revolution.

93. The combination with a source of
licht, of an ellipsoidal reflector having its
elliptical axis displaced with respect to its
axis of revolution to form a locus of foci at
one end, o

94, The combination with a source of
light, of an ellipsoidal reflector constructed
to form a zone of uniform intensity.
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25. The combination with a source of
light, of an ellipsoidal reflector constructed
to form a zone of uniform intensity ad-
jacent one focus when said source is at the
other focus. v :

26. A projecting apparatus comprising a
source of light, an object, a reflector compris-
ing a surface of revolution constructed and
arranged with respect to said source and said
object to concentrate the major part of the
light from said source on the -object, and
means for projecting an image of said ob-
ject on a screen. .

27. A projecting apparatus comprising a
source of light, an: object, a reflector com-
prising a surface of revolution constructed
and arranged with respect to said source and
said object to receive and concentrate on
said object the major part of the rays emit-
ted by said source, and means for project-
ing an image of said ohject on a screen.

28. A projecting apparatus comprising a
source of light, an object, a reflector com-
prising a surface of revolution constructed

5 and arranged with respect to said source
and said object to receive and concentiate.

uniformly on said ebject the major part of
the rays emitted by said souree, and means
for projecting an image-of said-object on a
sereen. .

29. A projecting apparatus comprising. a
source of light, an object, a reflector com-
prising a surface revolution arranged with

‘respect to said source and said object to con-
centrate the light on said object, and con-

structed to distribute the light uniformly on
said object, and means for projecting an
image of said object on a sereen. :
30. A projecting apparatus comprising a
source of light, an object, a reflector ar-
ranged to receive part of the rays emitted
by said source, and means for reflecting an-
other part of the rays emitted by said source
upon said reflector, said reflector being con-
structed and arranged to concentrate on suid
object the rays received by it, and means
for projecting an image of said object on a
screen. o : :
31. A projecting apparatus comprising a
source of light, an object, a plurality of re-
flectors arranged in the path of different
portions of the rays emitted by said source,

17,038

one of said reflectors acting to reflect-ihe

rays upon another .of said reflectors, said
second reflector, including a surface revolu-
tion, constructed and arranged to concentrate
the rays received by it upon the object, and
means for projecting an image of said ob-
ject on a screen. '

32. A projecting apparatus comprising a
source of light, an. object, a reflector ar-
ranged to intercept rays from said source,
including a surface constructed and arranged
to concentrate the rays received by it upon
the object, part of the intercepted rays being
concentrated by said surface by single re-
flection and another part by double reflec-
tion, and means for projecting an image of
said object on a screen. ‘ ‘

33. A projecting apparatus comprising a
source of light, an object, a reflector, the
reflector being constructed and arranged
with respect to said source and said object
to cause substantially all of the light from
said source to be concentrated on said ob-
Ject, and means for projecting an image of
said object.on a screen. ‘

34. A projecting apparatus comprising a
source of light, an object, a reflector com-

prising a surface of revolution constructed

and arranged with respect to said source and

* said object to concentrate upon said object

substantially all of the light from said source
except such light as is thrown by said source
upon the object directly, and means for pro-
jecting an image of said object on a screen.
35. A projecting apparatus comprising a
source of light, an ellipsoidal reflector en-
closin% said source of light, said source of
light being positioned at one focus of said
reflector an_object positioned adjacent the
other focus, said refﬁector being constructed

-and arranged to reflect substantially all of

the light from said source except a conical

~beam, the base of which is formed by the

intersection of the reflector ellipse and the
light from the second focus, and means for
projecting an image of said object on a
screen.

In testimony whereof we affix our signa-
tures. : :

EDWIN C. BALLMAN.
EDWARD P. EVERS.
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