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“UThisinvention relates to photographic com-
;posing apparatus, ahd more; partiéularly .to .ap-
» paratus’ for .projécting " the selected " characters
upon a sensitized material.

. A neeessary.-function ‘of stich apparatus.is.to’

-cause. .relative .motion .between . the..pirojected
.-character . images .and..the .sensitized _surface,
""This motion ustially depehds upon the widths.of
--the .characters.and upon: the.increments.to be
. added-between. words and.characters. to.justify
..the line. " This motion: must. also. be performed
. with_speed:and.precision .commensurate with.the
~.desired. accuracy..in.the alignment of.character
~-projections.

...Hitherto;.. and..for:rexample..as: shown :in.- the '

# pending .application. of .Higonnet. .and Moyroud,
..-Serial Number 610,336; filed August 11, 1945, the
-:0ptical.system-used.for. character-projection has
+~heen-held stationary,and the carriage:on-which
wthe sensitized material: is- mounted is.moved st
+.discrete times:=both to hring aboui -spacing:be-
+-bween successive projected-characters-and words,
=-herein-called--“character. spacing,’>tand: to: hring
about spacing between successive:-lines, herein

-:called ¢line.spacing.” -*The requirement:of:speed, '

particularly: where: the:motion:is sintermittent,
~rplaces a premium on light construction; but this
» cbjective is:in-conflict-with therrequirement:of
zrgeeuracy: of positioning; which:places a:premium
:ronsturdy:construction.
-"An-object ofrthepresentzinvention: isito pro-
vivide apparatus:for-character:spacing whichsre-
‘quires only the movement . of lightweight, low-
“inertia.elements.
s Avfurthers object is:tosprovide apparatus:for
szcharacter spacing-which:is adapted torany-ap-
propriate mechanical means for producing trans-
wlatory: motion,:whether or-not the  motion-is a
wimultiple of some ‘unitary distance.
& A-futther- objectis-to provide apparatus- for
““character- spacing ‘which- can -be-used’ either-to
produce-undistorted-projected-images; or t0:dis-
~tort theprojected images to produce other shapes
“of type.
.“.According to .the.present invention. the_funec-
tion of character spacing is pérformed within the
. optical system. itself,. the respective.elements of
~ which ‘are.made Telatively. movable. 'The .sup-
.port. which catrries the film_moves.only for the
. purpose.of line spacing.” The optical system is
- designed, in a. manner to be hereinafter described,
“toitilize the properties’of a .caollimating lens.
T "With the above objects.in view, .other features
‘of "the invention comprise cerfain features of
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~ construction and -modes of:operation-hereinafter
< described and-particularly- defined-in-the:claims.

“Inthe-accompanying-drawingsFig. 1 is a~sec-

-~ tional elevation ‘ofthe -apparatus; “Fig: 2 is-an

B

end elevation through section- 2=-2-of ‘Fig: 1,

- showing in-addition a preferred form:of filnrsup~
- porty Fig: 3 is d’diagrammniatic representation-of

“the relationship-between lenses 8-and 47 Pig. 4 is

© a. schematic represéntation of &-form 'of the:in-
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‘vention-employing a-drum-as the character car-

~rier; and Fig. 5 is a diagramimatic representation
“of means-for insuring uniforrr brilliance of pro-
‘- jected images.

" In Fig. 1'the matrix disc 1 is rotatably mounted
‘on & frame, shown in_part-at 13, and.carrie§ the

-characters to be projécted.successively past. a

- stationary’ character aperture "15.The charac-

ters are disposed.in g circle oni the.dise. "Thé flash
or'illuminating device 2 is.preferghly.of the type

" described in the copending application.of Higon-

- net:and Moyroud, Serial .No..510,336, filed .August
-'11,°1845, whereby a.flash-.oceurs..at. the .precise

Anstant. that the.selected character on.the.dise: is

-.in. position to.be projected,.this position-being.in

" front.of the character.aperture.l5.. Phe:fash.or

. ~illuminating -device. is preferably.controlled.by. a
.+register.in. which all the characters.of a_line.are

-stored:before projection, and means.are actuated

..by .the-register to.select .the-sueecessive. stored
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.characters:for: projection.

- Rigidly mounted:-on frame- I3 is a-lens:support

.. 1, -which. may be-as:shown; it the form of a:hol-

low tube with the character aperture {5 at-one

..end.. Mounted-inthe lens support 7 is arcollimat-

35

ving lens 3.of foeal-length fi; the:position:of which

-+ is.such that.the characters on the:rotating.disc
- are.in its focal. plane.

- :Slidably-mounted:in.the lenssupport is a trans-

. - +1ating-lens combination: comprising a.:converging
40

dens 4:of. focalilength- fa-and aivight angle:re-

:-flecting prism 5, hoth fixedly attached: to. arslid-
1:ing mount 6.7 The-function:of:prism 5 is:torefiect
“'theprojectedimage:so that it falls.at right-angles
iupon a.sensitized surfaceé 8.7 ‘Any-suitable reflect-
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ing=device; sitch:as a pentaprismror asmirror may

<basusedrin place’of the'prism 5. A~rod {6 is‘at-
~tached to “sliding~mount §°and- carries a_rack
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meshing with the teeth of g pindon-{i, rotatably

“mounted-on thé-frame™13.” The pinion-is-pro-
~vided with means,”showndiagrammaticdtlly at

28, to-cause rotation at.discrete times by angles
“proportional to the desifed_spacing between.suc-

56

cessive projéctians.. Means. performing.such. a
function are disclosed in the pending applica-
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tion of Higonnet and Moyroud, Serial No. 619,336,
filed August 11, 1945. The variable advance
mechanism there used is limited to movements
which are multiples of a unitary movement. It
will be clear, however, that the present invention
is not limited to such means, and can be driven
by steps of any desired size.

It is necessary that sensitized surface 8 falls in
the plane of focus of lens 4. The exact determi-
nation of this position must take into account
the passage of the converging rays through glass,
as will be clear tc those familiar with this art.

In Fig. 2, the sensitized surface 8 is shown in
the form of a film wound over two spools 9 and
i2. The spools are rotatably mounted on the
frame 13. The film & passes from spool 9, around
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idler wheels {1 and #4, through a channel in a -

guide 18, fixedly mounted on frame {3 and pro-
vided with an exposure slit to receive projected
characters, around a toothed driving sprocket 18,
an idler wheel {8, and onto take-up spool 12. A
cover, not shown, protects the film from exposure
except through the slit in guide (8. Driving
sprocket 10 may be actuated at suitable times to
cause line-spacing.

The optical system above described must have
certain properties which cause it to move the
successive projections along the sensitized sur-
face without distortion or change in size. That
these properties may be obtained is made clear
by an examination of Fig. 3. Lenses 3 and 4,
separated by a distance h, are shown on a com-
mon central axis b—b’. 'The focal distances of
the respective lenses are measured off on the
line b—b’ from their centers.
to be projected is shown as an arrow in the focal
plane of lens 3. When the character is illumi-
nated the rays emerging from any part thereof,
say, for example, the tip of the arrow, will be
pointed in all directions.
upon two bparticular rays is immediately ap-
parent. Ray 20, passing through the center of
the lens, is not bent because it passes through
two parallel surfaces. (For purposes of this de-
sceription it is assumed that the lens is thin
enough that the linear shift in the ray may be
neglected.) Ray 2{, being parallel to central
axis b—b’, will be bent so that it will pass through
the focus on the other side. By construction,
it is seen that these two rays emerge from lens
3 parallel to each other. Similarly, all other
rays emerging from the tip of the arrow and
passing through lens 3 will be parallel to these
rays.

Of all the rays emerging from the tip of the
arrow and passing through lens 3 a number will
also pass through lens 4, provided that lens 4
is not so far removed from lens 3 that none of
the rays will impinge upon it. The effect of lens
4 upon two of these rays is immediately apparent.
Ray 22, passing through the center of the lens,
is not bent, since it passes through two parallel
surfaces. Ray 23, passing through the focus of
the lens, will emerge therefrom paralle! to axis
b—b’. Rays 22 and 23 are seeh by construction
to converge upon a point in the focal plane of
lens 4. Similarly, all other rays emerging from
the tip of the arrow will focus at the same point
if they pass through lens 4.

A ray emerging from the focal point of lens
3 and traveling along axis b—b’ will be bent by
neither lens because it passes through parallel
surfaces. Hence, it will pass through the focal
point of lens 4. So .also will all other rays emerg-
ing from the base of the arrow.

The character ¢

The effect of the lens 4
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It may be seen by construction that the image
is inverted, and the resultant magnification of
the image is equal to the ratio of the respective
focal lengths. Also, the distance 7 has no effect
upon the distance from lens 4 at which the image
will focus. This distance and the magnification
remain constant with variable h.

The introduction of prism 5 at a point within
the focal length of lens 4 reflects the rays, which
are at this point converging, to cause them to
converge upon the sensitized surface 8.

From an examination of Fig. 3, it is evident
that if the diameters of the lenses 3 and 4 are
equal there will be a diminution in the brilliance
of the character images as the lens 4 is moved
away from the lens 3. This is caused by the
fact that, although all of the rays emanating
from a particular point in the object and passing
through the lens 2 will be parallel to each other,
they will not be horizontal. It is further evident
that the angle which the parallel rays make with
the horizontal increases with the distance of the
point in the object from the optical axis. As the
lens 4 moves away from the lens g, it will collect
an ever decreasing part of the pencil of rays
emanating from a particular point in the object.
The resulting effect is to vary the effective ex~
posure on the film from one end of the line to
the other.

In Fig. 5, apparatus is shown whereby it is
possible to eliminate the changes in brilliance of
the images above mentioned. This is done by
using a lens & of larger diameter than the lens
3, whereby the lens 4 receives substantially the
complete bundle of rays from the collimating
lens 3, regardless of the distance between lenses.
Two positions of the lens 4 are shown, one at 4
in full lines, the other at 4’ in dash lines. For
the dimensions of the object and lenses shown,
the substantial limit of the range of movement
for uniformity of illumination is indicated at 4'.
In view of the latitude of the film and the fact
that gradations of density in the photographic
image are not required, some extension of the
range is possible.

Since polychromatic light will usually be em-
ployed, it is desirable that the lenses be at least
partially corrected for color, but simple achro-
mats will usually suffice. In other respects, a
high degree of correction is not required. This
follows from the fact that each lens has either
its image or object at or near infinity. The
lenses may be of very large apertures. As is
evident from Fig. 5, only a small part of the cov-
ering power of the converging lens is used, and
the aberrations which are important in camera
lenses are not of primary concern in the present
invention.

It will be understood that the characters will
be so disposed on the disc that the inversions
effected by the lenses and the prism will produce
images with correct orientation on the film, as
will be clear to those familiar with this art.

Since the magnification of the system is equal
to the ratio of the focal lengths, a simple method
of changing the type size of the projections with-
out changing the sizes of characters on the matrix
disc is to replace either lens, making proper
adjustments to take account of the new ifccal
distances. In the form of the invention shown
in Fig. 1 the simplest method is to replace lens 3.

if it is desired to produce a distortion of the
projected characters the prism may be turned
to cause the projections to impinge upon sensi-
tized surface 8 at angles less than or greater
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than ninety degrees. This will take the result-
ant focal plane out of coincidence with the
sensitized surface, and will cause it to inter-
sect the surface in only one line. The result
will be to produce shrinkage in a particular di-
mension relative to the dimension at right angles
thereto. If the focal length f: is long enough,
the edges of the projsctions will not hecome
noticeably out-of-focus.

An alternative embodiment of the invention,
as shown in Fig. 4, comprises a rotating char-
acter drum 50 mounted on a shaft 5i. Bands
of characters 52, 53 and 54, each band rspre-
senting a different font, are placed around the
drum. Flash lamps 55, 56 and 57 are fixedly
mounted in position to project the characters of
a particular font. A lens 58, a collimating lens
corresponding to lens 3 in Fig. 1, is fixedly mount-
ed with a prism 59, the combination being mov-
able along the axis of the lens mount to select
the font to be projected. A prism §{, a lens 68
and a sensitized surface 63, correspond to prism
5, lens 4 and sensitized surface 8 in Fig. 1. The
advantage of the arrangement resides in the

ease with which the font may be changed due *

to the lightness of the movable elements associ-
ated therewith.

Tt will be understood that while simple lenses
have been shown in the diagrams, the apparatus
will employ lenses suitably corrected in accord-
ance with well-known optical principles.

Having thus described the invention, I claim:

1. In photographic type composing apparatus,
the combination of a collimating lens, means for

putting in the focal plane of the collimating &

lens an image of the character to be projected,
an illuminating device to project the images of
selected characters forming a line successively
through the collimating lens, each character

having a predetermined width value and being ~

projected while it is in the projection position,
a franslating lens combination inecluding a con-
verging lens and a reflector arranged one be-
hind the other to focus the projected light and
reflect it through a predetermined angle, a sup-
port to hold a sensitized surface in substantial
coincidence with the focal plane of the light
leaving the lens combination, and means for dis-
placing the lens combination relative to the col-
limating lens and longitudinally of the suriace
after each projection by variable distances pro-
portional to the widths of the corresponding
characters, whereby each character is focused
upon the surface irrespective of the relative po-
sitions of the two lenses.

2. In photographic type composing apparatus,
the combination of a collimating lens, a mafrix
disk revolving about a fixed axis bearing a plu-
rality of characters arranged in a circle lying
in the focal plane of the collimating lens and
having its center in the said axis, whereby the
characters are moved through a projection po-
sition, an illuminating device to project the
images of selected characters forming a line suc-
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cessively through the collimating lens, each 6

character having a predetermined width value
and being projected while it is in the projection

6

position, a translating lens combination includ-
ing a converging lens and a reflector arranged
one behind the other to focus the projected light
and reflect it through a predetermined angle,
a support to hold a sensitized surface in sub-
stantial coincidence with the focal plane of the
light leaving the lens combination, and means
for displacing the lens combination relative to
the collimating lens and longitudinally of the
surface after each projection by variable dis-
tances proportional to the widths of the corre-
sponding characters, whereby each character is
focused upon the surface irrespective of the
relative positions of the two lenses.

3. In photographic type composing apparatus,
the combination of a drum revolving about a
fixed axis, a number of circular bands of char-
acters disposed upon and relatively displaced
longitudinally of the drum, each band corre-
sponding to a different font, a first optical sys-
tem comprising a collimating lens and a first
reflector in fixed relation, said optical system
being movable in a line parallel to said axis to
select the desired band, whereby the characters
in the selected band pass successively through
the focal plane of the collimating lens, an il-
luminating device to project the images of se-
lected characters forming a line successively
through the collimating lens, each character hav-
ing a predetermined width value and being pro-
jected while it is in said focal plane, a second
optical system comprising a converging lens and
a second reflector arranged one behind the other
to focus the projected light and reflect it through
a predetermined angle, a support to hold a sen-
sitized surface in substantial coincidence with
the focal plane of the light leaving the second
optical system, and means for displacing the
second optical system relative to the first optical
system and longitudinally of the surface after
each projection by variable distances propor-
tional to the widths of the corresponding char-
acters, whereby each character is focused upon
the surface irrespective of the relative posi-
tions of the two optical systems.

4, Apparatus as defined in claim 1 in which
the converging lens is of larger diameter than
the collimating lens, whereby the image is il-
luminated in a substantially uniform manner
over the range of relative displacement of the
lenses.

5. Apparatus as defined in claim 3 in which
the converging lens is of larger diameter than
the collimating lens, whereby the image is il-
luminated in a substantially uniform manner
over the range of relative displacement of the
lenses.

SAMUEL H. CALDWELL.
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