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United States Patent Office 2,781,706 
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1. 

2,781,706 
PHOTOGRAPHC COMPOSING APPARATUS 

Rene A. Higonnet and Louis M. Moyroud, Cambridge, 
Mass, assignors to Graphic Arts Research Foundation, 
Inc., Cambridge, Mass., a corporation of Delaware 

Application May 21, 1953, Serial No. 356,512 
Claims priority, application Great Britain June 9, 1952 

4. Claims. (CI, 95-45) 

The present invention relates to photographic type com 
position, and more particularly to apparatus for rapid, 
successive projection of selected characters upon a sensi 
tized sheet, the characters being stationary during the time 
of exposure. In addition, the invention relates to a 
method for disposing the characters to be projected upon 
a suitable support adapted for use in conjunction with 
said apparatus. 

In our copending application, Serial No. 610, 336, filed 
August 1, 1945, we have disclosed a photographic type 
composing machine having a continuously revolving 
character carrier which causes the characters to be moved 
successively through a projection position. Means are 
disclosed whereby an intermittent flash device is illumi 
nated for an extremely brief interval of time when a 
selected character is momentarily aligned in said position. 
Because of the extremely brief duration of the flash, the 
method of projection is termed a "stroboscopic' or "stop 
motion' flash exposure. The flash circuit for energizing 
the illuminating device must accordingly be designed so 
that this interval produces negligible blur due to the mo 
tion of the character, and such design must be consistent 
With great dependability of performance, whereby many 
projections may be made successively without missing a 
single character or projecting it in improper register with 
the adjacent characters. 

In our copending application, Serial No. 354,162, filed 
May 11, 1953, We have disclosed another type of com 
posing machine, in which we are enabled to use appreci 
ably longer time intervals for exposing the moving char 
acters without a sacrifice in the speed of the machine. 
This is accomplished by using continuously moving opti 
cal projection means which compensate for the motion 
of the characters. Thus, a character which is continuous 
ly in motion may be projected through a moving optical 
System which, in effect, "stops' the image which is focused 
upon the sensitized sheet or film. 

It is a principal object of the present invention to pro 
vide apparatus for type composition by successive pro 
jection of selected characters according to a procedure 
generally similar to that employed in said applications, 
but in which the characters, the sensitized sheet upon 
which they are composed, and the optical projection 
means are held stationary during the exposure. 
A second object is to provide apparatus of the above 

type having provision for convenient and rapid selection 
of any one of a large number of characters in various 
fonts. 

Still another object is to provide apparatus having the 
properties heretofore mentioned, yet being of relatively 
uncomplicated design, and satisfying the stringent require 
ments of the printing art with respect to precision of 
definition and alignment, yet having relatively inexpensive 
components which can be readily assembled together. 
With the above objects in view, one of the features of 

the present invention resides in the use of multiple lenses 
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projection position, the lenses and characters being sta 
tionary at the time of exposure. 

According to one embodiment of this invention, the 
characters are arranged upon a cylindrical surface. They 
are projected through a plurality of lenses, each char 
acter being projected through a particular corresponding 
lens. The optical axes of the lenses are arranged in a 
conical configuration. 

According to another feature, we utilize distorted char 
acters in conjunction with the optical system to produce 
undistorted character images upon the sensitized sheet. 

Another feature resides in the possibility of operating 
the apparatus at eXtremely great speed commensurate 
with, and even in excess of, the fastest speeds attainable 
by a keyboard operator. 

Another feature resides in a method of disposing the 
characters upon the Support which utilizes the same lens 
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that projects the character, thereby substantially obviating 
the need for using expensive, highly corrected enses to 
achieve requisite definition and precision in positioning the 
image. 

Other features of the invention reside in certain struc 
tures, relationships, methods and modes of operation 
hereinafter described with reference to a preferred em 
bodiment, and more particularly defined in the claims. 

In the drawings, 
Fig. 1 is a partially diagrammatic drawing of a photo 

graphic type composing machine incorporating the in 
vention, the projection apparatus being shown by an eleva 
tion in section; 

Fig. 2 is an end elevation on line 2-2 of the projection 
apparatus in Fig. 1; 

Fig. 3 is a timing diagram for the cann-operated con 
tacts of Fig. 1; 

Fig. 4 is a diagram illustrating the optical principles of 
the projection apparatus; 

Figs. 5 and 6 are diagrams to be used with reference 
to Fig. 4; 

Fig. 7 is an elevation in section of a preferred form 
of apparatus for disposing the characters upon the sup 
port in the manufacture of said support; and 

Fig. 8 is a fragmentary developed view of the code 
drums. 

Referring to Fig. 1, we provide a non-justifying type 
Writer 2 of the type commonly in use, and preferably 
having an electrically operated key mechanism. To this 
typewriter We connect a set of coded permutation bars 
similar to those employed in teleprinter circuits, as de 
scribed in our copending application, Serial No. 770,320, 
filed August 23, 1947. These permutation bars are con 
nected through a cable 4 with a recording unit 6, movably 
disposed in relation to a register 8 by reason of a physical 
connection with the platen carriage 10 of the typewriter, 
as schematically illustrated. The register may be of any 
Suitable type, but the illustrated form is assumed to con 
sist of a flat vertical bed supporting rows and columns of 
depressable and retractable spring-retained pins. The re 
cording unit 6 comprises a series of vertically-disposed, 
magnetically depressable hammers adapted to register 
With the pins in one column of the register at a time. 
There is a column for each character and space in the line. 
Refinements of the construction of the recording unit also 
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for projecting selectively illuminated characters to a fixed 

include sensing means and means for retracting selected 
pins for the purpose of correcting erroneously typed 
characters prior to their transcription. After a line has 
been recorded a reading unit 12, which is movable by a 
ratchet 14 and pawl 16 linked with a movable core of a 
Solenoid 18, is moved independently of the recording unit 
to sense the depressed pins and send the corresponding 
information to the transcribing apparatus over a cable 20. 
The entire assembly heretofore described may be con 

structed Substantially as described in our above-mentioned 
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copending application. Serial No. 770,320. As stated, the 
characters are preferably recorded in the form of a code. 
In the illustrated embodiment, each character is repre 
Sented by a combination of eight code digits, each digit 
being in a binary form, that is, having two discrete con 
ditions designated as “0” and "1.' Four of the digits, 
designated as the "A" group, characterize the width of 
the character in the form of a binary number. It will 
be apparent that the four digits permit representation of 
any character width from zero to fifteen units. The re 
maining four digits of the representation, designated as 
the "B" group, are used for the purpose of distinguish 
ing between the several characters of like width as well 
for auxiliary purposes. One of these purposes is to con 
trol the case of each projected character, as hereinafter 
further described. 
The reading unit 12 is adapted to read or sense the 

characters one at a time, and to retract the pins to their 
"Zero' positions after they have been sensed to permit 
the recording of new characters in a succeeding line. The 
reading unit is connected through leads 22 to 36 to a set 
of eight electromagnets 38 to 52, each of which is 
grounded at one terminal. These electromagnets form 
a part of the character selection and projection apparatus 
hereinafter more fully described. The leads 22 to 28 
are also connected with a spacing mechanism 54, which 
is in turn mechanically connected with a film carriage 
56. The film carriage is preferably constructed in the 
general manner described in said application Serial No. 
770,320, in which the sensitized film 58 takes the form 
of a strip with perforations near the edges, wound over 
a pair of rollers of which only the upper roller 60 is 
illustrated in the figure. Mechanism is provided for ro 
tating the rollers to space the lines of type, while move 
ment of the film carriage in a direction parallel to the 
lines of type produces the spacing between the successive 
characters in each line. The spacing movement is inter 
mittent and is controlled by the mechanism 54. The 
spacing mechanism may be of any suitable type, one ex 
ample being described in our said application Serial No. 
610,336. Depending upon the combination of the leads 
22 to 23 which are energized, it produces in the carriage 
56 multiples up to fifteen of a unit movement. This 
movement is initiated by a voltage on a lead 62, as here 
inafter described. 

After an entire line of characters and word spaces has 
been recorded in the register 8 by typing the same on the 
non-justifying typewriter 2, and after the line has been 
viewed as typed by said typewriter, and any necessary 
corrections have been made by the method described in 
our said application Serial No. 770,320, the transcription 
may be initiated. 

Transcription begins with the reading unit 12 posi 
tioned at the extreme right end of the register 8, which 
is the position in which the first character of the line is 
recorded. Sensing means in the reading unit 12, operat 
ing as described in the last-mentioned application, con 
nect a voltage source with a selected combination of the 
leads 22 to 36 corresponding to the character in the first 
position. It is assumed that the voltage is sustained on 
these leads until the reading unit moves to the next 
character position, which may be accomplished if de 
sired by means of intermediate holding relays in a man 
ner well understood in the art. The corresponding com 
bination of the solenoids 38 to 52 is energized, thereby 
preparing the projection, apparatus, hereinafter more 
fully described, for projection of the selected character. 
The transcription of each successive character is 

carried out in a sequence of three steps under the con 
trol of a timing motor M. having cam-operated contacts 
"a," "b" and “c.' Fig. 3 is a diagram showing the tim 
ing relationships between these contacts. "T" represents 
one revolution of the motor M. At the beginning of a 
given period, a voltage source has been connected through 
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4. 
the 'a' contacts to the solenoid 18. When this voltage 
is removed, the reading unit advances to a new position 
to be read. A time interval "d" is allowed within which 
the reading unit advances and the new combination of 
the electromagnets 38 to 52 is energized. At the end 
of the interval 'd' the character selected by the elec 
tromagnets is projected to a point P on the film by con 
nection of a voltage through the "b" contacts and a lead 
64 to a flash circuit 66 connected with an annular lamp 
68. Finally, after the exposure the carriage 56 is spaced 
by a distance corresponding to the character just pro 
jected by connection of a voltage through the "c' con 
tacts to the lead 62. In the next revolution of the motor 
M the above cycle is repeated for the next character in 
the line. 
We next turn to a more detailed description of the 

character projection apparatus. As above stated, this 
apparatus is adapted to project any character selected by 
a corresponding unique combination of the electro 
magnets 38 to 52 upon the occurrence of a voltage illumi 
nating the lamp 68. 
The character support is preferably a glass cylinder 70 

Supported at one end by a circular member 72 integral 
with a sleeve portion 74. The sleeve is slidably sup 
ported on a shaft 76, the shaft being rotatable in the 
frame 78 on ball bearings 80. The cylinder 70 is pre 
vented from rotating about the axis of the shaft by a 
projection 82 extending from the sleeve and engaging 
with a slot 84 in an extension of the frame. 
At the end of the shaft is a rotary solenoid 86 con 

nected by a lead 88 with the reading unit of the register. 
When the solenoid is not energized, the shaft is urged by 
a Spring 90, the spring being secured to an extension 92 
of the shaft, until the extension 92 reaches an abutment 
94 on the frame. When energized, the solenoid rotates 
the Shaft until the extension 92 reaches a second abut 
ment 96 on the frame. This motion relates to the chang 
ing of the case as hereinafter described. 
The cylinder 70 is provided with a number of spaced 

annular rings of character transparencies 98 to 110, each 
ring corresponding to a particular font. The font is 
Selected manually by means of a lever 112 engageable 
with an annular groove in the sleeve 74. The lever is 
inked with a ratchet arm 114 having a handle 116 and 
a spring 118 urging the arm into engagement with an 
extension 120 of the frame. It will be obvious that, if 
desired, this arrangement can be made automatic by 
using any known mechanism operable electrically from 
a voltage on a combination of the "B" group of leads 
30 to 36, to rotate the arm 112 until the selected font 
reaches the position designated "N" in the figure. 
The cylinder 70 is surrounded by a set of eight con 

centric drums 122 to 136 having coded slots, these drums 
being supported upon one another and by the frame 78. 
Each drum has a "normal' position, as illustrated by the 
drum 136, and a "control" position, as illustrated by the 
drum 130. Each drum is connected with one of the 
identical solenoids 38 to 52, the solenoids being each con 
structed as illustrated for the solenoid 44. A spring such 
as 138 urges the drum into its “normal' position abutting 
against the frame 78 at its right extremity as viewed in 
the figure. Energization of the solenoid moves the drum 
until it reaches its "control" position abutting against the 
frame at its left extremity. The distance moved is rep 
resented by "e,” as shown in Fig. 8, which is a frag 
mentary view of the drums showing the slots adjacent 
to, rather than superimposed upon, one another. Each 
drum has two annular rings of complementary coded 
slots, a "normal ring,' and a "control' ring. The “nor 
mal' ring is over the point N when the drum is in its 
"normal" position, and the "control” ring is over the 
same point when the drum is in its "control' position. 
The circumference of each drum is divided into units 

"f,” each unit corresponding to one of the characters on 
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the ring or font selected for projection. Thus, each unit 
"f' corresponds to a particular unique combination of 
the drums 122 to 136 which must be brought into the 
"control' position to create an aperture at the correspond 
ing point in the circumference of the drum 70. The an 
nular lamp 68, when energized, transmits light through 
any aperture which is formed by alignment of the slots 
in the drums, and by this means illuminates the selected 
character. 
A lens support 140 bears a number of lenses 142 and 

is supported upon the shaft 76. The number of lenses 
equals the number of characters in one case of the font. 
Each lens has a corresponding character and is so dis 
posed that its optical axis passes through the point N in 
the character and also the point P on the film 58, in which 
all of the optical axes intersect. The optical axes fall in 
a conical surface with the point P at the apex. Since each 
character is of small size compared to the diameter of 
the drum 70, it may be considered for practical purposes 
as lying in a plane. For a given character, this plane, 
the plane of the film 58, and the plane of the correspond 
ing lens intersect in a line. In the illustrated instance, 
this line passes through the point S and is perpendicular 
to the drawing. The plane of each character and the 
plane of the film are at right angles, and are conjugate 
planes of focus of the corresponding lens, 

Fig. 4 illustrates the relationships within the optical 
system. In general, for any lens there is a conjugate im 
age plane for every object plane. If the optical axis in 
tersects the object plane at an angle, the conjugate image 
plane will be at such an angle that the object and image 
planes and the lens plane will intersect in a single line in 
the lens plane. In this case, while the image will be 
entirely in focus in the image plane, the various parts 
of the image will be magnified by different amounts. If 
an object 144 (Fig. 5) were disposed opposite the lens 
142 at an angle as shown in Fig. 4, an image 146 would 
be formed. The magnification of the line L at one edge 
of the object would be equal to n1/m, while the magni 
fication of a line of the same length at the opposite edge 
would be equal to n2/m2. 

It will be observed that in the described arrangement 
each character lies close to the optical axis of its cor 
responding lens. The need for using highly corrected 
lenses is therefore eliminated, as will be understood by 
those skilled in the optical art. 

If desired, a ground glass may be placed at the point 
P, and a supplementary lens may be placed behind the 
ground glass to focus an image upon the film at a more 
remote position. Also, we may use a lens turret to place 
selected lenses behind the ground glass. Such a turret 
is described in said application Serial No. 610,336, where 
in the turret is adapted to bring lenses of different magni 
fications into operative position for changes in the point 
size. Alternatively, we may utilize a prism arrangement 
like that described in the copending application of Cald 
well, Serial No. 148,901, filed March 10, 1950, now 
Patent No. 2,670,665, behind the ground glass, as an al 
ternative to the movable film carriage arrangement above 
described. 
To change the case, the shaft 76 is rotated as afore 

said by energization of the solenoid 86. This brings each 
lens to a new position opposite a character which is the 
same as that to which it previously corresponded, but 
in the opposite case. For example, if a particular lens 
corresponded orginally with the lower case "a,' it would 
move into correspondence with the capital “A.” In this 
way, we are able to use fewer lenses than characters. 
We may also have more than two positions for the 

shaft 76, which will enable us to further multiply the 
number of characters without increasing the number of 
lenses. For example, we may have a third case for nu 
merals, punctuation marks, special symbols, etc. 
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It will be further observed that in some instances it may 

be desired to project more than one character to the point 
P in a single exposure. For example, a letter may be 
printed within a square or circle for a special symbol. 
We may dispose the letter, the square and the circle as 
three distinct characters upon the drum 70. We may then 
arrange the code combinations in such a manner that 
two or more openings through the drums will occur simul 
taneously and a composite character will be projected 
upon the film for certain of said combinations. 

Referring to Fig. 7, we next describe a method and ap 
paratus suitable for preparation of the character cylinder 
70. We mount the cylinder upon a circular member 148 
which is fixed securely upon a hollow cylindrical ex 
tension 150 of a frame 152. The lens support 140 is 
secured to the end of the cylinder 150. Inside the cylin 
der is a lens 154. A fixed shaft 156 having the same axis 
as the cylinder 150 supports a circular member 158 to 
which is secured a shutter cylinder 160. The shutter 
cylinder has a single aperture 162 and means consisting 
of a ratchet wheel 164 and pawl 166 for turning it by 
discrete amounts. 
The cylinder 70 is first coated with a photosensitive 

material. Each character to be photographed is then dis 
posed upon a plate 168 having two registration holes by 
which it may be assembled on to a fixed support 170 by 
pins 172. Lamps 174 illuminate the character, and the 
lens 154 focuses the image upon a screen or surface 176 
at the end of the shaft 156. The image is again projected 
through one of the lenses 42 to the drum 70 through the 
aperture 162. The character on the sheet 68 and the 
image on the screen 176 are undistorted, but the image 
on the drum, which is preferably of reduced size, is dis 
torted. However, when the drum is used in the apparatus 
of Fig. 1, the distortion is such that an image made by 
the same lens at the point P is undistorted. Moreover, 
since we use the same lens to dispose the character upon 
the drum as is used to project it onto the film, we auto 
matically compensate for any optical peculiarities in the 
lens. 
The ratchet is preferably arranged to produce as many 

steps in a complete revolution as there are lenses 142 on 
the support. If there are two cases as in Fig. 1, all of 
the characters in one case are photographed in one revolu 
tion of the shutter drum. Then the cylinder 70 is ro 
tated in a suitable manner upon the support 148 by an 
angle corresponding to that through which the lens Sup 
port moves in Fig. 1 for a change of the case. The cylin 
der 70 is then held fixed while the cylinder 60 is again 
rotated through a second revolution and the characters 
of the second case are similarly photographed. 

According to another method which is similar to that 
described in our copending application Serial No. 354,162, 
filed May 11, 1953, we prepare a test drum having ref 
erence marks in place of characters. The first step may 
be performed in a single exposure through all of the 
lenses 42 simultaneously, by removal of the drum 60. 
The reference marks such as two lines crossing at right 
angles, are mounted on the plate i38 and projected as 
previously described. In the second step, after develop 
ment the reference mark images are projected back to the 
plate 168 one at a time through a special lens substituted 
successively for each of the lenses 42, this lens having 
a precisely fixed position. A record is made of the devia 
tion of each image thus formed on the sheet 168 from 
the original reference marks. To prepare the support 
70, it is then unnecessary to have the lens support 140 
available. The procedure is simply to project the char 
acters using the special lens and to dispose each of then 
upon the plate 68 with the same deviation previously 
recorded for the corresponding lens. 

In the embodiment of Fig. 1, the composed matter 
has provision for variable spacing of the characters, but 
no provision for justification of the lines. Accordingly, 
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the right-hand margins will be uineven. However, it will 
be apparent that we may select anyone of the many ap 
propriate justification devices presently known to the art, 
and adapt it to the described machine by appropriate 
modification thereof. Such additions or modifications, 
however, form no part of the present invention, and are 
not further described. 

it will be understood that various other modifications 
in the foregoing methods cr structures, or in the relation 
ships of the paris may be effected without departing from 
the Spirit Cr Scope of the invention. Some of these nodi 
fications. have been mentioned above, aid others will 
occur to those skilled in this art. 

tiaving thus described the invention, we claim: 
1. Photographic type composing apparatus including, 

in combination, a support for a nuitaber of characters ar 
ranged annularly is a cylindrical surface, a support bear 
ing a circle of lenses coaxially with said surface, each 
lens having a corresponding character and the lens axes 
being dispsed in a conical surface intersecting the chars 
acters and having its apex in the cylinder axis, a support 
having an image receiving surface passing, through the 
apex in a plane at right angles to the cylinder axis, the 
plane of each lens having a common line of intersection 
with the planes of its corresponding character and the 
image receiving surface, means to illuminate all of the 
characters to project their images toward the apex, means 
to mask the characters selectively to permit only the 
inage of a Selected character to ba formed in the image re 
ceiving surface, the characters being distorted in inverse 
fashic to the distortion of their images in projection, 
and mechanism to move the image receiving surface after 
each projection to Space the characters in a line. 

2. Photographic type composing apparatus including, 
it coin bination a character cylinder bearing a number of 
fonts of characters to be photographed, said characters 
being disposed in a number of rings about the cylinder 

is, there being a ring for each font, a support bearing 
a circle of lenses centered in said axis, the lens axes 
being disposed in a conical Surface intersecting a selected 
ring and having its apex in the cylinder axis and each 
lens having a corresponditig character in Said ring, means 
to shift the cylinder axially to change the selected font, 
a Support having an image receiving surface passing 
through the apex in a plane at right angles to the cylinder 
axis, the plane of each lens having a common line of inter 
Section with the planes of its corresponding character 
and the image receiving Strface, means to illuminate all of 
the characters in the Selected ring to project their images 
toward tha apex, means to mask the characters selectively 
to perit only the inage of a selected character to be 
forried if the inhage receiving Surface, the characters 
being distorted in inverse fashion to the distortion of 
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their inhages in projection, and mechanism to move the 
image receiving surface after each projection to space 
the characters in a line. 

3. Phctographic type composing apparatus including, in 
combination, a support for a circle of characters includ 
ing a plurality of cases arranged in a cylindrical surface, 
a support bearing a circle of lenses coaxially with said 
Surface, each lens having an axis intersecting a correspond 
ing character in a single case, the iens axes lying in a cone 
having its apex in the cylinder axis, means to rotate the 
lens support relative to the characters to change the case 
interSected by the lens axes, a Support having an image 
receiving. Surface passing through the apex in a plane at 
right angles to the cylinder axis, the plane of each lens 
having a common line of intersection with the planes 
of its corresponding character and the image receiving 
Surface, means to illuminate all of the characters to pro 
ject their images toward the apex, means to mask the 
characters selectively to permit only the image of a 
Selected character to be formed in the image receiving 
surface, the characters being distorted in inverse fashion 
to the distortion of their images in projection, and mecha 
nism to move the image receiving surface after each 
projection to space the characters in a line. 

4. Photographic type composing apparatus including, in 
combination, a Support for a number of characters ar 
ranged annularly in a cylindrical surface, a support bear 
ing a circle of enses coaxially with said surface, each 
lens having a corresponding character and the lens axes 
being disposed in a conical surface intersecting the char 
acters and having its apex in the cylinder axis, a support 
having an image receiving surface passing through the 
apex in a plane at right angles to the cylinder axis, the 
plane of each lens having a common line of intersection 
with the planes of its corresponding character and the 
image receiving Surface, and means to illuminate a selected 
character to project its image on to the image receiving 
Surface, the shapes of the characters being distorted in in 
verse fashion to the distortion of their images in projec 
tion. 
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