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3,106,880
TYPOGRAPHICAL PHOTOCOMPOSING
MACHINE

Louis Rassatte, Kings Point, and Gino F. Squassoni,

Lynbrosk, N.Y., and Wolfgang O. Grube, Bergenfield,

., assignors to Mergenthaler Linotype Company, a

corporation of New Yerk

Filed Mar. 26, 1954, Ser. No. 419,012
3¢ Claims, (€l 95—4.5)

This invention relates to an improved two-unit typo-
graphical photocomposing machine, The first unit is an
input or key-controlled coding wunit which produces a
coded tape representing the type matter to te photocom-
posed. The present application is confined to the second
unit of the machine and is in the form of an output or de-
coding unit which is controlled by the coded tape prepared
by the first unit, as well as an optical system for photo-
graphing the type characters, one after another, in the
order in which they are to appear in print.

The general scheme of the present invention is set forth
in the Introduction which immediately follows the descrip-
tion of the drawings; and a rather complete summary is
given under Operation at the end of the detailed specifica-
tion, A further statement at this point, therefore, would
serve no useful purpose and would be targely repetitious.
The exact construction of the various parts and the man-
ner in which they function can best be understood from
the detailed description. - However, it may be well to state
here that the present machine, while capable of operat-
ing on any desired unit system, is herein shown and de-
scribed as operating on a twelve-unit basis, that is to say,
twelve units to the em, the characters and the inter-word
spaces varying in width on that basis. It may also be
noted that the invention does not require that the im-
proved machine be made in two separate units, it being
possible to combine the two units into one along the lines
disclosed in the copending application Serial No. 342,156,
filed March 13, 1953, now Patent No. 2,847,919.

In the drawings:

FIG. 1 is a schematic representation of the machine
components;

FIG. 2 is a front elevation of the font plate and operat-
ing mechanism;

FIG. 3 is a side elevation of the parts shown in FIG, 2;

FIG. 4 is a fragmentary front elevation, with portions
removed, to show the mechanism for locking the font
plate in position;

FIG. 5 is a detail of the font contact mechanism;

FIG. 6 is a front elevation of the shutter unit;

FIG. 7 is a side elevation of the shutter unit;

FIG. 8 is a schematic view showing the aperture con-
figurations for the various shutters;

FIG. 9 is a table showing the binary number values
for the different character positions;

FIG. 10 is a side elevation of the point size changing
Irnses and the projection lens carriage with grid plate;

FIG. 11 is a plan view of the parts shown in FIG. 10;

FIG. 12 is a plan view of the projection lens carriage
drive mechanism;

FIG. 13 is a front elevation of the carriage drive mech-
anism speed changer;

FIG. 14 is a side elevation, partly in section, of the grid
plate and the photoelectric tube and light source;

FIG. 15 is a sectional view taken along the line 15—15
of FIG. 14; _

FIG. 16 is a ray diagram for the optical system of the
machine;

FIG. 17 is a front elevation of the decoding apparatus;

FIG. 18 is a front elevation of the tape drive;

FIG. 19 is an enlarged detail view showing the engage-
ment of a decoding switch with the tape;
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FIG. 20 is a plan view of a part of the decoding ap-
paratus;

FIG. 21 is a schematic representation of the coded tape
showing various code signals and their interrelationship;

FIGS. 22, 23, 24, 25 and 26 taken together constitute a
simplified schematic wiring diagram of the relay circuits
employed in the improved photocomposing machine here-
in disclosed;

FIG. 27 is a block diagram showing the relationship of
the various electric circuit groups;

FIGS. 28 and 29 constitute a simplified schematic wir-
ing diagram of the electronic circuits employed in the
machine;

FIGS. 302 to 30¢ are key sheets which show the coils
and contacts of the electromagnetic switches of FIGS. 22,
23,24, 25, 26, 28 and 29 in spindle form; and

FIG. 31 is a pulse diagram which shows the time
sequence of various machine operations.

INTRODUCTION

For a general understanding of the invention, reference
may be had to FIG. 1 wherein various parts of the photo-
composing machine chosen to illustrate the principles of
the invention are shown schematically. To introduce the
machine components and set forth their relationship, a
summary description will first be given, tracing light from
the light source. through the machine components to the
film where a character image is ultimately formed. There-
after, a detailed description will be given of the various
machine elements; which description will constitute a
preferred arrangement of the machine embodying the prin-
ciples of this invention. The electrical system which con-
trols photocomposing will also be described in detail here-
inafter but it will not enter into the general discussion of
the machine elements.

Referring specifically to FIG. 1, a source of light 50
is shown positioned in front of a reflecting unit 51 which
serves to concentrate and thus intensify the light energy
in a direction forward of the source. The light then passes
through a condensing lens 52 which distributes the light
relatively evenly over the area directly in front of the
lens. This area covers the entire character array of a type
font which is arranged on a rotatable font plate 53. As
is shown, the plate 53 carries a plurality of type fonts and
may be rotated to permit any desired font, e.g. 543, to
be selected for positioning in the light path. Rotation
of the font plate is effected by a friction disk 55 which
engages the rim of the plate and is in turn actuated by
an electric motor 56.

Light from the source passes through the entire font
character array, the characters preferably being trans-
parent and the background opaque. To selectively pass
to the remaining machine components only the light
passing through a single character, a selective shuiter is
employed. In the broader aspects of the invention the
shutter may be of any suitable arrangement for passing
the light from a single selected character, but by prefer-
ence a binary shutter system 57 is utilized herein.

Located in front of the shutter is a lens board 6¢ which
comprises a plurality of lenslets 682, one for each char-
acter of the font. Thus the light, which the shutter
system passes, is directed through an individual lenslet
to an imaging lens 61 which then produces an image,
in space, of the character selected for photographing.
The image thus formed by the imaging lens becomes the
object for the lens system which is termed the eyepiece,
it comprising an eyepiece objective lens 62 and a turret
eye lens 63. The objective lens is adjustable mounted
for positioning along the optical axis cf the machine.
The turret lens may be any selected one of a plurality of
lenses 632 to 63f mounted in a turret 64 which is rotatable
to bring the selected lens into position along the optical
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axis. The eyepiece reduces the dlvergence of the hght
rays from the imaging lens but its end function is to
control the size of the finally produced film image of the
photographed character. The light rays leaving the eye-
piece next impinge on a mirror 65 which deflects the
rays to a course at an angle to the optical axis and
through a projection lens €6 to the film 67 where the
image of the character is finally formed and recorded
photographically.

As before stated, the above description traces the paths
which the light rays travel during the photographing of
a single character. Any of the characters of the font
may similarly be photographed by operation of the
shutter system in a predetermined manner which will be
explained when the shutter system is considered. It is
generally obvious that characters may be photographed
successively to produce filmed composmon In what has
been explained so far, the only additional item to be con-
sidered for film composition is the provision of mech-
anism for photographing the characters adjacent one an-
other in line. In the preferred arrangement, this is ac-
comphshed by advancing the mirror and projection lens
with reference to the film after each precedmg character
has been photographed. Thus, the mirror 65 and the
projection lens 66 are mounted on a carriage 70 in a
manner which permlts a line of composition to be photo-
graphed as the carriage moves from a start-of-line posr-
tion to an end-of-line position. A drive mechanism is
provxded for moving the carriage in a forward as well
as in a reverse direction.

In the preferred embodiment, the motion of the car-
rrage is continuous rather than intermittent. As the
carriage is moved across the film, operation, of the shutter
to expose the character selected for photographing and
illumination of the light source are controlled so that
the finally reproduced characters are spaced to provide
a justified line of composition. This will be clearer
after the several components have been considered and
the complete operation of the machine described. To
measure movement of the carriage in relatlon to the film
so that each character may be photographed at the proper
time, there is provided a grid plate 71 mounted on and
movable with the carriage. The plate has inscribed there-
on several rows of equally spaced parallel lines, the
spacing in cach row being dependent on the desired
filmed image size. The grid plate is interposed between a
fixedly mounted light source 72 and a peotocell 73 and
consequently, as the carriage moves and carries the
grid plate past the photocell unit, the light to the photo-
cell is repeatedly interrupted. ThlS action is utilized
in the control circuits to control character illumination
in a manner alluded to above and to be hereafter de-
scribed.

Having proceeded with the generalized description of
the machine, the several components will now ‘be par-
ticularly described.

Font Plate

FIGS. 2, 3 and 4 detail the construction of the font
plate and attention will now be directed thereto. The
font plate shown carries five type fonts and is journaled
in a mounting bracket 74 so that any one of the fonts
may be selected for positioning on the optical axis. The
font plate is removably secured to bracket 74 by threaded
bolt 88 in order that font plates may be readrly inter-
changed. To facilitate such change bracket 74 is pro-
vided with a mounting, such as hinge 89, whereby the
font mechanism can be swung into ‘a position conven-
ient for changing fonts. In addition each font is in-
dividually mounted on the font plate by fixing its posi-
tion with aligning pins 78 and clampmg it with screwed
on retaining brackets 79. A pair of set screws 75 and
76 permit alignment of the font plate to insure proper
positioning of the selected font with respect to the re-
mainder of the system. An extension 77 of the bracket
provides support for an electric motor 56 and a plate
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driving disk 55 which are of unitary construction and are
rigidly secured to one extremity of a link 8¢. The other
extremity of the link is pivotally connected to the ex-
tension 77 by a pin 81 in order that the driving disk may
be yieldingly urged against the periphery of the font
plate, as by a spring 82. 1Tn this manner, even though
wear may occur on the disk sufficient friction will exist
between disk and plate to provide a positive drive.

Secured to the font plate are a plurality of abutments
€32 to 83¢, one for each font, which serve to maintain
the font selected for composition in a fixed position. To
accomplish this, the active abutment enters slot 84 in a
lever 85 which is pivotally supported by pivot pin 86
on mounting bracket 74. The lever is urged upwardly
to tlghtly engage the abutment by a tension sprmg 87.
sary to dlsengage the abutment assomated Wlth the font
in use, so that the motor 56 may act to rotate the font
plate. For this purpose, a rotary solenoid 99 is provided
on the bracket extension 77 and its shaft is connected to
the Iever 85 by a pair of links 91 and 92. Energization
of the solenoid depresses link 92 and rotates the lever
counterclockwise to disengage the abutment. The motor
can then freely rotate the font plate. Just prior to the
newly selected font arriving in position on the optical
‘axis, the solenoid is deenergized and the spring 87 acts
to return the lever to a horizontal position. The motor
continues to rotate the font plate and, as the next arriv-
ing abutment reaches the lever, it (the abutment) en-
gages the upper surface thereof and cams the lever
downwardly. Further movement of the font plate causes
the abutment to engage the slot and thus stop continued
font plate rotation. The motor can thereupon be de-
energized.

Also journaled to the mounting bracket 74 and rotat-
able together with the font plate is the contact disk 93.
The disk is provided with a contact 94, which completely
encircles the disk, and a plurality of contact segments 952
to 95¢, one for each font (see also FIG. 5). Each of the
contact segments is electrically connected to the disk en-
circling contact. The contact segments are spaced cir-
oumforennally on the disk and in addition they are spaced
longitudinally along the disk axis. Mounted on the brack-
et 74 are a plurality of contact fingers 96 and 97 to 97¢,
one for each contact segment and the disk encircling con-
tact. The contact finger 96 and the disk encircling con-
tact 94, of course, make contact constantly. However,
a centact finger associated with a contact segment, say,
ﬁnger 972 and segment 952, make contact only when the
font associated with the segment is in position on the
optrcal axis. Thus a contact segment, e.g. 952, and the
disk encircling contact 94, together with their respective
contact fingers, serve as a mechanical switch is closed when
the associated font is in position on the optical axis. The
functioning of the “switches” will be described when the
electrical control circuits are consrdered

Shutter System

Reference will first be made to FIGS. 6 and 7 which
disclose the structural details of the shutter system. In
the arrangement shown, eight shuiters 1802 to 180% are
used, four of which, 1692, 100v, 166¢, 1004, are moved
horizontally and the remaining four of which, 108, 106Z,
1608, 190™, are moved vertically. Inasmuch as each shut-
ter is provided with similar parts, the dlscusswn will be
limited to a single shutter, e.g. shutter 1692, The shutters
are surrounded by an enclosure 101 which also serves as
a support. On the inside bottom surface of the enclosure,
there is a shutter guide 102 which comprises a block having
a number of slots into which fit the four shutters adapted
for horizontal movement. A similar block 1022 mounted
on one of the side walls serves to guide the four shutters
adapted for vertical movement. The shutter 1082 is also
supported by a pair of parallel links 103 and 164 which
pivot on pins 105 and 106 respectively, the pins in turn
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being' mounted in a pin block 107 which is fastened to the
enclosure by a plurality of screws 11¢. A rotary solenoid
111 is provided to control movement of the shutter which,
as will appear, may be held in either of two positions. The
solenoid is supported by a bracket 112 which fastens to
enclosure 101. The shaft 113 of solenoid 111 is connected
to shutter 100® by a pair of toggle links 114 and 115
and a fastening bracket 116. With the links extended in
a straight line, as shown by the solid lines in FIG. 6, the
shutter is in one of its two controlled positions. When the
solenoid is energized and its shaft rotated, the toggle links
jacknife, as shown by the dotted lines in FIG. 6, and the
shutter is moved toward the right to its other controlled
position. Deenergization of the solenoid causes the sole-
noid and the shutter to be returned to neutral position
through the action of the solenoid return spring (an in-
ternal member of the solenoid). Each of the other shut-
ters adapted for horizontal movement, i.e. shutters 100,
18¢c, 1909, are similarly arranged in enclosure 101 and
are actuated similarly to shutter 1602, Likewise, the four
shutters 100, 1001, 1088, 160, adapted for vertical move-
ment are operated in the same way as shutter 1692,

As noted in the generalized description, a binary shut-
ter system is employed. Reference will now be made to
FIGS. 8 and 9 in which the aperture configurations for
the various shutters are shown. In a binary number sys-
tem, it is possible to represent a number by the sum of
its component binary numbers; the latter being a geometric
progression of numbers, e.g. 1, 2, 4, 8, 16, 32, 64 and 128.
Thus, to represent the numeral 3, it is only necessary to
add the binary numbers 1 and 2. Similarly, to represent
the numeral 15, the binary numbers 1, 2, 4 and 8 are
added. With the eight binary numbers specifically men-
tioned above, it is possible to represent any number from
1 to 255 by simply taking a binary number itself or the
sum of a combination of the binary numbers.

It was observed that when each number in the arithmetic
progression 0, 1, 2,3, 4,5,6,7,8 ... was represented
by binary numbers 1, 2, 4, 8, 16, 32 . . . the binary num-
ber 1 appeared in every other representation, the binary
pumber 2 appeared in every other two representations, the
binary number 4 appeared in every other four representa-
tions, the binary number 8 appeared in every other eight
representations, and the binary number 16 appeared in
every other sixteen representations. With knowledge of
this, various aperture configurations can be employed to ob.
tain the desired result, but the ones illustrated were found
to provide for the most characters in a minimum area when
half of the shutters are moved horizontally and the other
half moved vertically. Since a limited number of char-
acters will be in each font and since that number is less
than that which may be obtained from: the binary num-
bers 1, 2, 4, 8, 16, 32, 64 and 128, only selected numbers
from 1 to 255 represent the different character positions.

The photocomposing machine disclosed herein has the
character array of each font disposed in a plane area in
front of the light source and the purpose of the shutters
is to expose one character to the film at a time. Each
character position is assigned a numeral and by op-
erating the shutters selectively, one character position
is exposed at a time. To accomplish this, each shut-
ter is assigned a binary number wvalue and the aper-
ture configuration of this shutter is determined accord-
ingly. After the shutters are apertured and assigned the
binary values as shown in FIG. 8, to expose a character,
say a character. in position 173, shutters 100, 100f, 1004,
106c and 1€8%, having, respectively, the binary values
128, 32, 8, 4 and 1 are actuated. As a further example, to
expose the character in position 84, shutters having the
binary values 64, 16, and 4 are actuated.

Eyepiece

The eyepiece which comprises the eyepiece objective
lens and the eyepiece turret lens will be considered with
reference to FIGS. 10 and 11. Mounted in the optical

" system base 117 but spaced therfrom is a pair of racks
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120 and 121. A lens carriage 122 for the eyepiece ob-
jective lens 62 is adapted for horizontal movement and
is provided with a pinion 123 adapted to engage the pair
of racks 120 and 121. . The pinion is journaled in its sup-
port 124 and its rotation is effected by a knurled hand
knob 125. A point size scale 126 is fastened to rack sup-
porting members 127 and 130. A pointer 131 is provided
on carriage 122 to be moved as the carriage is translated.
By aligning the peinter with the proper point size numeral
on the scale, the size of the reproduced characters can
be accordingly selected. To insure correct positioning of
the lens carriage, and consequently of the lens, and to
avoid sight alignment of the pointer with the scale mark-
ings, a detent bar 132 is positioned on optical system base
117 to be spanned by the carriage. The bar has a number
of V-shaped grooves 1332, 133b 133¢, therein in ap-
proximate alignment with the point size markings on the
scale, but in exact optical position to provide the desired
point size image on film. Adapted to engage these grooves
is a plunger 134 carried by the carriage and urged down-
wardly by a compression spring 135. Thus, to position
the eyepiece objective lens to provide a certain point size
on the finally produced film, knurled knob 125-is turned
until, with pointer 131 approximately pointing to the de-
sired size on the scale 126, plunger 134 is seated in the
appropriate V-shaped groove. It will be noted that the
carriage positions for two of the point size settings are
fairly close together, so much so, that two V-shaped
grooves could not be spaced adjacent one another. To
facilitate accurate positioning of the carriage when these
point sizes are to be filmed, an additional block 136, hav-
ing two latching holes 137 and 149 therein, is provided and
fastened to optical base 117. The carriage is consequently
provided with two aligning screws 141 and 142 for en-
gagement in the latching holes when the carriage is posi-
tioned to film the point size for which they are provided.

In addition to the eyepiece objective lens mounting just
discussed, there is also provided an eyepiece turret lens
mounting. A turret bracket 143 is secured to optical base
117 and rotatably supported by it is the lens turret 64.
A plurality of lenses 63* to 63f, are spaced around the
turret so that, as the turret is rotated by hand, the selected
lens (say, 632) is positioned on the optical axis. The
turret also carries a plurality. of pawls 1442 to 144f, one
for each lens. These pawls are adapted to be engaged
by a bracket-mounted stop screw 145 which fits into a
pawl opening and secures the turret in a fixed position.

By proper selection of a turret lens and horizontal move-
ment of the objective lens, the filmed size of the characters
of the font in use may be controlled within a limited range
as determined by the lens system. This range is indicated
in FIG. 10 as being 6 pt., 8 pt., 9 pt., 12 pt., 14 pt. and
16 pt., although of course it could be otherwise.

Character Recording Means and Drive Mechanism
Therefor

The carriage which causes the character images to be
formed, one by one, on the film in composing each line and
the carriage driving means will be described with refer-
ence to FIGS. 10 to 12. The mirror 65 which diverts the
light rays toward the film 67 and the projection lens 66
which transforms the light rays into an image on the film
are shown secured to projection lens carriage 708. The
carriage is supported on the optical base 117 by two ball
races 146 and 147, which permit practically frictionless
movement of the carriage along the base. Each ball race
comprises a plurality of balls 150 which are maintained
in position by a retaining form 151 but which are free to
rotate. The balls are set in longitudinal V-grooves 152
of the base 117 and the carriage is positioned thereon with
the carriage V-grooves 153 engaging the upper half of the
balls. Vertical movement of the carriage away from the
base is prevented by four rollers 1542 to 1544, one located
at -each corner of the carriage, which bear against the
underside of the base 117. The rollers are pivotally con-



2,108,580

4
nected to the carriage by links 1552 and 155V, and they are
urged against the underside of the base by tension springs
1565 and 156P.

Also rigidly fastened to the carriage for movement
therewith is a unit measuring device in the form of grid
plate 71. This plate is translucent and is shown with four
rows of opaque lines 1572 to 1574, inscribed thereon.
Fach row comprises equally spaced lines, the différent
rows having their lines spaced different distances but in
all cases there being twelve lines per em. The lines are
utilized to measure units of movements of the carriage
with respect to a fixed reference point, i.e. start-of-line posi-
tion and thereby determine when a character is to be re-
corded. It may, under certain circumstances, be desirable
to increase the number of lines per em from twelve to some
multiple thereof, e.g. forty-eight. Thus a character having
a set width of seven units of an em, would be photo-
graphed after the carriage has travelled past twenty-eight
lines rather than seven. This expedient increases the ac-
curacy in locating the position in which a character is
photographed. The different rows of lines are resorted to
when different point size characters are being composed,
and the units of movement changed in proportion to point
size of the filmed characters. The grid plate will again
be considered when a photocomposing operation is de-
scribed.

The carriage also has a pair of limit switch cams 160
and 161 adjustablly placed thereon for engagement with
limit switch actuating rollers 162 and 163. Limit switch
161 serves to cause reversal of carriage motion when it
returns to the start-of-line position, and the other limit
switch 169. serves as a safety device which prevents over-
travel of the carriage in the composing direction of travel.

The driving mechanism for the carriage is shown par-
ticularly in FIGS. 11 and 12. A unidirectional gear
motor 164 furnishes the power for driving the carriage in
toth directions. When driving the carriage in the for-
Ward or composmg direction, the motor output shaft 165
is connected to a ‘speed changmg unit 166 and thence
to an electric clutch 167 which is energized to rotate
bevel gears 170. An electromagnetic brake 171 is inter-
posed between clutch 167 and gears 176. A forward
drive shaft 172 connects these gears 170 to @ rack pinion
173 which engages, from beneath, a carriage rack 174.
The rack 174 and carriage 70 are ‘connected by a universal
joint 175. The rack itself i is supported by and gulded in
a rack guide 176 and the latter in turn is supported above
the optical base by a series of brackets 1772, 1770, 177c.

A shaft 180 leadmg from the forward end of a gear
motor 164 has a pulley 181 secured thereto. A second
pulley 182, connected by a belt 1813 to the pulley 181, is
secured to a shaft 1822 which drives a spur gear unit
183. This gear unit operates, through an electric clutch
184, a reverse drive shaft 185 havmU a pinion 186 mesh-
ing with the carriage rack 174.

It will be noted that both rack pinions 173 and 186,
for the reverse and forward directions, engage the car-
riage rack at all times. The electric clutches 167 and
184 are controlled so that when one of them is energized
the other one will be deenergLZed hence, when the car-
riage is moved forward, the drive shaft 172 is positively
driven by the motor 164 and reverse drive shaft 185
freewheels The reverse conditions exists when the cag-
riage is moved in @ reverse djrection by the drive shaft
185. It will also be noted that the speed changer unit
166 (FIG. 13), having a control handle 166“, is mcluded
in the mechanism for driving the carriage in a forward‘
direction and as a result the composing speed may be
varied. The carriage is returned to. start-of-line position
at a constant speed and consequently a driving mech-
anjsm without speed changer is used.

Althouvh the description discloses the, carriage moving
in a direction from switch 161 to switch 160 during
photographmg of a lige, it is to be understood that line
composition could take place when the carriage moved in
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the opposite direction by simply reversing the direction of
rotation of motor 164.
Photocell Uit

The reference point past which the carriage moves and
the means of measuring the extent of carriage move-
ment is the photocell unit shown in FIGS. 14 and 15; the
unit being placed at the start-of-line position. The light
source 72 is enclosed in a light shade 187 which gives
light directivity toward photocell 73. As is shown, the
light source is mounted on a bracket 199 to one side of
grid plate 71. Also mounted on the bracket but on
the opposite side of the grid plate is the shielded photo-
cell tube 73, the hood 191 of which extends from the
tube to the grid to insure that only light from the light
source will affect the tube, As was noted above, the
light to the tube is repeatedly interrupted as the grid
plate is moved past the photocell unit. Depending on
the line spacing on the grid plate, the number of light
interruptions will indicate the extent of carriage move-
ment.

In order to position the photocell unit in alignment
with any one of the various rows of lines on the grid
plate, the stud 192, upon which the bracket is mounted,
is provided with four holes 1932 to 1934, spaced apart a
distance equal to the spacings between the rows of lines
on the grid plate 71. A pin 194 is adapted to be in-
serted manually in any one of the holes, e .2 the hole
1932, and bracket 19¢ can then be moved vertically on
the stud until it rests on the pin. A screw 195, threaded
through the bracket, bears against an insert 196 and can
be tightened to cause the insert to snugly grip the stud
192 and thus aid the pin in supporting the bracket 198.

Optical System

The photocomposing machine contemplated by this
invention has so far been discussed generally and also
by reference to the structural details of the machine.
Reference will now be made to FIG. 16 for considera-
tion of the optical system, and teference may alsc be
had to copending application Serial No. 354,826, filed
May 13, 1953, which discloses the same general system.
The discussion will concern itself with the functions of
the various optical components and the results which it
is desired to obtain, it being understood that the end
result (the image on film) may be obtained in other
ways, as, for example, by using mirrors instead of the
lenses described. The light passing through a single
character will be considered; the character being located
on the font plate and illuminated from a source (not
shown). to the left of the diagram,

The character is located in the principal focal plane
of a collimating lenslet associated therewith, each charac-
ter in the character array being provided with an in-
dividual lenslet. With the character so located, light rays
emanating from one point of the character leave the col-
limating lens in parallel rays even though they entered it
as diverging rays. The characteristic of collimated light
which makes it desirable to so collimate the light from
the characters is that when such light passes through an
imaging lens, an xmage of the character is formed in
the focal plane of the imaging lens. In. addition, it is
of 1o, consequence where the collimated light enters the
imaging lens; the image is always formed in the lens
focal plane and in a fixed position relative to the optical
axis. Nor does it matter that the total light from a
character enters only a portion of a zone of the i imaging
lens. Thus, light from one character near the top of
the imaging lens would form a character image at the
focal point, and hght from another character entering
the bottom of the imaging lens would form an image at
the same point. Consequently, each character of a
font positioned before the imaging lens (a lenslet for
each character being interposed). can be imaged at the
same position on the optical axis.

An eyepiece objective lens is positioned. to. intercept the
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light rays from the imaging lens before the image is
formed and it refracts the light rays to form the image
in space at a point which is closer to the imaging lens
than if the eyepiece objective lens was not present. Prin-
cipally, however, the objective lens serves to re-image the
plane of the lenslet in the principal plane of the projec-
tion lens hereafter referred to. By longitudinally moving
the eyepiece objective lens with respect to the imaging
lens, but keeping it within the imaging lens focal distance,
the position of the character image is varied. This is
useful for varying the point size of the final image on
film ‘while maintaining the font characters at a constant
point size. Continuing beyond the image, the light rays
rapidly diverge, and it therefore becomes a function of
the turret lens eye to converge them. -In-addition, if the
image is focal distance from the turret lems, the turret
lens will again collimate the light rays.

Although the light rays forming the character image
are spoken of as collimated, it is known that they are a
bundle of self-parallel rays, the envelope -of which is not
paralle] but which has a point of least diameter known as
the exit pupil. Since the exit pupil is the image of the
system aperture stop, if it falls in the principal plane of
the projection-lens system, it permits maximum utilization
of the free aperture -of the projection lens. However, in
the arrangement herein shown and described, a mirror is
interposed between the turret lens and the projection lens
and the two- (the mirror and projection lens) are mov-
able as a unit toward and from the turret lens in photo-
composing a type line. - Consequently, the distance which
the light rays travel between the turret lens and the pro-
jection lens does not remain constant during composi-
tion -of a line and the principal plane of the projection
lens does not then coincide with the exit pupil for all
positions of the mirroer.
able light from the bundle of rays forming the character
image, the free aperture-of the projection lens is increased
beyond that required if the projection lens position were
held fixed and its principal plane coincided with the sys-
tem - exit pupil.. - To minimize the increase in the free
aperture, the exit pupil (i.e. the image of the lenslet) is
made to coincide with the mean position of the projec-
tion lens system. The collimated light entering the pro-
jection lens is then focused thereby to form a real image
in the focal plane of the lens, The film, strip is posi-
tioned in this plane and the character illuminated is re-
corded. thereon.

Tape Decoder

In the present maching, it is contemplated. that the
matter to be composed on the film be introduced into
the machine in the form of a coded tape. It.is the func-
tion of ‘the electrical system to interpret the coded in-
formation ‘and to actuate the shutters, the projection
lens carriage and the light source in accordance therewith.
As the description of the system proceeds, special opéra-
tions, such ‘as-quadding and line erasing, will be con-
sidered at appropriate times. As indicated at the outset,
the coded tape is prepared.in an input machine, to be
made the subject of ‘another application. for patent.

Before describing the electrical circuits themselves, ref-
erence will be made to’ FIGS. 17, 18, 19 and 20 which
show the mechanism by which the coded tape 285 is
decoded or “read” in the machine. The tape is perfo-
rated across its width, as at 2652, to provide coded repre-
sentations of the characters to be photocomposed. . The
tape is also provided with a series of feed holes 206 along
each side thereof to facilitate advance of the tape through
the decoding ‘mechanism. - The feed holes engagé pins
207 of a “scan” head 210 and of a “read” head 211,
which heads are rotatably supported in end supporting
members 212 and 213. Each head is provided with a
rotary stepping switch, - which, when energized, causes
the head associated therewith to rotate and advance.the
coded tepe. Rotary switches 214 and 215, for the re-
spective heads 216 and 211, are shown mounted on end
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supporting member 212, to which aré fastened switch
frames 216 and pivotally supported switch armatures 217.
The switch armatures pivetally support rack engaging
fingers 220, which are urged by springs 221 toward the
armatures. The armatures are also provided with lock-
ing fingers 222 which engage the racks. Compression
springs 223 urge the armatures toward the racks 225 to
thereby lock the racks and prevent rotation of the cor-
responding heads. Leaf springs 224 are mounted on the
switch frames 216 in position to engage the racks 225,
in order to prevent reverse rotation of the heads. When
the switch coils 226 are energized and the armatures con-
sequently attracted toward a switch closed position, rack
engaging fingers 220 and locking fingers 222 are re-
moved from engagement with the racks. With the arma-
tures in engaged position, tension springs 221 urge the
rack engaging fingers 220 into the next succeeding rack
groove. Thus, when the switch coils are deenergized,
the compression springs 223 restore the armatures to their
normal position and at the same time rotate the heads
and advance the tape. By repeated energizations and
deenergizations of the switch coils 226, rapid advance of
the.coded tape may be obtained. Control of the switches
will be explained hereafter.

The - mechanism for decoding tbe codad information
on the tape comprises a plurality of mechanically actu-
ated switches 227, these switches being arranged in two
groups, one for the scan head 219 and one for the read
head 21i1. The switch movable contact arms 230 are
independently supported, as by pivot rods 231, which
latter are in turn supported by the end support members
212 and 213.  One extremity of each contact arm is pro-
vided with a movable contact 232 which is spring-urged
toward the stationary contact 233, as by a compression
spring 234. The other extremity of each contact arm
is provided with a rotatable star wheel 235 which bears
against the ‘coded tape and which ordinarily maintains
the :switch contacts. separated. -However, when a code
perforation :is- advanced ‘under the star wheel, a' prong
236 of the wheel passes through the perforation, permit-
ting the compression spring to rotate the movable con-
tact arm and -engage the contacts. To facilitate move-
ment.of a star wheel prong through the tape, thé heads
are each provided with a number of peripheral grooves
237, one for each mechanical switch, over which the
tape passes. It will be noted by reference to FIG. 20
that scan head 210 is provided with nine (9) mechanical
switches and read head 211 with fourteen (14) mechani-
cal switches. The number of grooves on ‘each head
need only correspond with .the number of switches, but
for purposes of standardization, each head will be pro-
vided with fourteen (14) grooves. A ‘tape retainer 249
is provided for each head to maintain the tape in engage-
ment Wwith the pins 207 which engage the feed holes 206
to advance the tape. The retainer consists merely-of a
pivotal member 241 which conforms to the head perim-
eter and which is urged ragamst the head by a tension
spring 242.

Coded Tape

A section of the.tape, including the starting end there-
of with schematic zrepresentatlons of typical coded in-
formation, is shown in FIG. 21. It is noted that.an end-
of-line signal is punched in the tape followed by ten
blank spaces- and then another end-of-line signal. A
blank space is the degree of tape advance when a step-
ping switch is energized and deenergized once i.e. -stepped
one position. ~ The ten blank spaces simply mean that
it is necessary for the stepping switch to advance ten
positions before the next coded information is brought
up to position for reading.- The number of blank spaces,
above mentioned as ten, is of no significance, in and of -
itself, but it is merely great enough to permit the tape
to span the gap between the scan head and the read
head when an end-of-line signal is in reading position on
both heads. 'For example, if the vap between. the heads
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is greater than that assumed, a number of blank spaces
greater than ten will be provided.

Following the second end-of-line signal, there is again
provided ten blank spaces followed by character identifi-
cation signals. After these signals, which represent a
coded line of information, there is provided an end-of-
line signal followed by a justification signal. Thereafter
nine blank spaces followed by another set of character
identification signals appear followed by a line-erase sig-
nal, a “meaningless” signal and nine blank spaces. Fol-
lowing are character identification signals, the latter in
turn followed by a quad-signal, a “meaningless” signal
and nine blank spaces. It will be noted that when a
line-erase signal or a quad-signal is given after charac-
ter identification signals, there is no end-of-line signal and
ten spaces are interposed between the function signal and
the next succeeding first character signal. If a justifica-
tion signal follows a function signal, say, an end-of-line
signal, then nine blank spaces follow the justification sig-
nal, or in other words, ten spaces follow the function
signal before the first character signal. Although a cer-
tain sequence of line signals has been described for illus-
trative purposes, it is of course understood that an actual
tape perforated in accordance with a line to be photo-
composed will vary from that shown. In general, for
each line to be photocomposed, character identification
signals follow a number of blank spaces and are in turn
followed by an end-of-line signal and a justification sig-
nal or a line-erase signal or a quad-signal.

FIG. 21 is a representation of the various code perfo-
ration locations in the tape and the use to which the
perforations are put in the scan and read heads. In this
connection, it will be noted that perforations which repre-
sent signals to be decoded in the scan head pass over the
read head in the same positions as perforations which
represent - signals to be decoded in the read head and
consequently will actuate the read head switches. The
opposite condition is also true, that is, perferations which
represent signals to be- decoded in the read head pass
over the scan head and actuate the scan head switches.
Electrical interlocks, which will be described hereafter,
prevent the scan head from decoding and utilizing read
head signals and also prevent the read head from de-
coding and utilizing scan head signals.

Electrical System

FIGS: 22, 23, 24, 25 and 26 show the electrical cir-
cuits employed to control movement of the projection
lens carriage and to control energization of ‘the shutters
to present the selected characters for photographing on
the film. - The circuits are shown in “straight” or “across-
the-line” form in which the contacts of a switch are shown
separated from the switch coil which operates them and
arranged in the circuits which they control. Thus, it is
possible to arrange each coil circuit in a “straight” line be-
tween parallel lines representing the power source.  To
facilitate locating contacts and relay coils referred to in
the specification, there are provided a number of key or
“spindle” sheets. On these sheets (FIGS. 302 to 304),
a vertical spindle is provided for each relay used in the
electrical system. The spindles are identified by the re-
lay designation for the relay. associated therewith, the
designations being arranged alphabetically across the top
of the sheets. On each spindle, there is located repre-
sentaticns of the relay coil and the relay contacts. The
figure in which the coil or contact may be found is indi-
cated parenthetically next to each coil or contact. In
order to locate a contact on the straight or across-the-
line diagram, it is merely necessary to place the spindle
sheet containing the sought-after contact next to the indi-
cated across-the-line diagram figure, whereupon the con-

. tact on the across-the-line diagram will be found in hori-
zontal alignment with the contact on the spindle sheet.
For example, to locate contact RHSS2, take the spindle
sheet containing this contact, namely, FIG. 30D, locate
the contact thereon and determine the figure in which con-

12
tact RHSS2 appears. This is indicated by the numeral
in parentheses next to the contact designation. Place
the spindle sheet (FIG. 30D) next to the sheet contain-
ing FIG. 24, and contact RHSS2 on FIG. 24 will be in

5 horizontal alignment with the contact on the spindle
sheet.
In the across-the-line diagram the following electro-
magnetic switches will be found:
Brake clutch clearing relay..o oo BCC
10 Capacitor discharge relay_ e CD
Counter ouiput relay. e CO
Font #1 relay e iF
Font #2 relay... Y 2F
Font #3 relay 3R
15 Font #4 relayo o 4F
Font #5 relay e -~ __ 5F
Font change complete relay .- oo ____ FCC
Forward clutch deenergizing relay oo __ FCD
Font change drive control relay_.. .. ______.____ D
20 Grating pulser gate relay oo oo GPG
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Interlock relay o I

Interline space stepping relay__ . oo __ i8S
Justification information relay____.._. e I
Line-erase ‘relay_ e LE
Line-erase holding relay—— o LEH
Line-erase memory relay_~—— - ______ LEM
Output pulse simulator relay (time delay) . —_ OPS
Zero quotient remainder relay o oooee QQR
First quotient relay .o omoe e 1Q
Second gquotient relay ... __. 2Q
Third quotient relay 3Q
Fourth quotient relay- 4Q
First quotient remainder relay - oo _ 1QR
Second quotient remainder relay. . _.._____ 2QR
Third quotient remainder relay______ . _______ . 3QR
Fourth quotient remainder relay_. . ________ 4QR
Fifth quotient remainder relay_.._____________. 5QR
Quotient remainder advance relay o ___ QRA
Quotient remainder stepper relay-_.__ . _____ QRS
Quotient stepper relay_ .o QS
Quotient subtractor relay___ . ____._._ QSU
Quad left relay oo QU
Quad left holding relay_ oo o QUH
Quad left memory relay_ . QUM
Read head- advance relay oo ___ RA
Reverse clutch deenergizing relay_ . ___________ RCD
Reverse clutch energizing relay__ ... ________ RCE
Read end-of-line relay. oo REL
First read head function decoder relay- - - ..___ IRFD
Second read head function decoder relay———....__ 2RFD
Third read head function decoder relay—._._.___ 3RFD
Fourth read head function decoder relay_ ... __ 4RFD
Fifth read head function decoder relay__._._.___ 5RFD
Sixth read head function decoder relay. . .__._ SRFD
Seventh read head function decoder relay..__._. TRFD

Eighth read head function decoder relay__..__._ 8RFD

Read head function decoder gate relay ..o RFDG
Read head rapid advance relay——.oooo . __ RRA
Quotient search relay_ . .- - . _____________ SE
Scan end-of-line relay_ oo SEL
Shutter deenergizing relay_ - oo SHD

Shutter energizing relay.. oo SHE

Stop machine relay_______ . ________________ SM
Scan head stepper advance relay_—o oo ____.__ SSA
Auxiliary scan head stepper advance relay..____ SSAX
First shutter solencid holding relay..___...____ 1SSH
Second shutter solenoid holding relay..______._.__ 258H
. Third shutter solencid holding relay_.._________ 35SH
Fourth shutter solenoid holding relay—...._____ 4SSH

70

75

Fifth shutter solenoid holding relay__.._____.___ 58SH
Sixth shutter solenoid holding relay......________
Seventh shutter solenoid holding relay._________
Eighth shuiter solenoid holding relay.o oo _ 8SSH
Starting - relay
Voltage relay oo oo oo
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Throughout the description which follows, these let-
ters will be applied to the coils of the above designated
relays. Also, with reference numerals appended thereto,
they will be applied to the contacts of these relays. The
electromagnetic switches are shown in deenergized con-
dition.

In addition to the above electromagnetic switches, the
following mechanically actuated switches are also located
in the across-the-line diagram and are used to initiate
certain machine functions or to decode the tape.

Start scan stepper SWitch_ S1
Step reéad head switch. . ___________________ 52
Character identification switch (#1) o _____ S3
Character identification switch (#2) - __ S4
Character identification switch (#3) . ____ S5
Character identification switch (#4) . ___._____ $6
Character identification switch (#5) oo S7
Character. identification switch (#6)__.___________ S8

Character identification switch (#7) oo ____ S8

Character identification switch (#8) oo _____ S18
Width identification switch (#71) o oo _ 511
Width identification switch (#2) ool ___ Si2
Width' identification switch (#3)_________. oo Si3
Width identification switch (#4) oo S14
One.unit space switcho _ o $15
Two. unit space SWItCh..o oo Si6
Font #1 detector switch oo __ S17
Font #2 detector switeho oLl _ S18
Font #3 detector switch oo S19%
Font #4 detector switch_ . .. _____________ 529
Font #5 detector switch.o. . . 521
Restart machine switch_____ . __________-_ S22
No tape signal (scan head) switch_______________ S23
No tape signal (read head) switch_..____________ S24
Film magazine and film advance safety switch_.____ 525
Out of film switch... . ___ S26
Quotient remainder switch (#1) . _______ — 527
Quotient switch (#1) o S28
Quotient switch (#2) & e S29
Quotient switch (#3) o S30
Quotient switch (#4) i S31
Quotient remainder sWitch (#2) oo S32
Quotient remainder switch (#3) e S33
Quotient remainder switch (#4) o 'S34
Quotient remainder switch (#5) oo~ S35
Optical carriage -safety switche..o . _______ S36
Start of line sWitch o oo 537
Start machine switch_ ... ___ S38

The following stepping switches are also employed in
the electrical system:

Quotient stepping switch- e QSS
Quetient remainder stepping switch_________.___ QRSS
Scan head Stepper . e SHSS
Read head stepper— .- e RHSS
Interline space StePPer... o il ISSS

In the diagram, brushes on the stepping switches will be
designated by the switch designation with the letter “B”
appended thereto, and the contacts will be designated by
the switch designation with the letter “C” appended there-
to. For example, the brush on the quotient remainder
stepping switch is QRSSB and the contacts thereon are
QRSSC.  If necessary for purposes of description, con-
tacts on a single stepping switch will be differentiated by
numerals e.g. QRSSCL, QRS3SC2. Each of the. stepping
switches has a single level of contacts except the quotient
stepping switch QSS which is a multi-level switch. Brush
designations on this switch will consequently be QSSB1,
© QSSB2, etc. Contacts contacted “by. brush QSSB1 will
be designated QSSC11, QSSC12,. QSSC13, etc., while
those contacted by brush QSSB2Z will be: designated
QSSC21, QSSC22, - QSSC23, etc. . Other brushes and con-
tacts will be similarly designated.

In addition to the above electromagnetic sw1tches, me-
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chanical switches and stepping switches, the wiring dia-
gram includes the following solenoids:

First shutter solenoid .o oo L1
Second shutter solenoid. oo L2
Third shutter solenoid_ e L3
Fourth shutter solenoid__ L L4
Fifth shutter solenoid - __ . oo L5
Sixth shutter solenoid ... Leé
Seventh shutter solenoid___ . 7
Eighth shutter solenoid oo L8
Film advance control solenoid .. _________.._ £9
Font change control solenoid_____________..__._ 119

To inaugurate operation of the machine, the tape 285
is placed on the scan head 210 and the read head 211 such
that the first end-of-line signal is positioned between the
two heads and the second end-of-line signal is positioned
on the remote side of the scan head; the tape to be ad-
vanced in a direction such that it first passes the scan head
and then the read head. Preparatory to advancing the
tape, the power supply (not shown) is connected to the
circuits shown in the wiring diagram and immediately a
circuit is.completed for justification information relay coil
JI from line WI through contacts SELS, SE9, coil JI to
line W2. - 'With the relay in operated condition, contacts
JI3 are engaged and contacts JI1 and JI2 separated. ‘With
the tape p051t10ned as described, toggle tape start scan
stepper switch S1-is closed. Closure of switch S1 com-
pletes a circuit from line W1 through switch S1, coil SSA
of scan head stepper advance relay, contacts SE1 and con-
tacts SHSS1 to line W2, thus energizing coil SSA to engage

-contacts SSAT and SSA2.

Contacts SSA1 complete a circuit to enérgize auxiliary
scan head stepper advance relay coil SSAX from line W1,
through switch 51, coil SSAX and contacts. SSA1 to line
W2, thus engaging contacts SSAX1. Engagement of con-
tacts SSAX1 completes a circuit from line W1, through
switch 81, contacts SSAX1 and scan head stepping switch
coil SHSS to line W2, thus energizing the switch and sepa-
rating contacts SHSS1. Separation of contacts SHSS1 in-
terrupts the circuit for coil SSA, thus separating contacts
SSA1 which in turn intermupt the circuit for coil SSAX.
Deenergization of coil SSAX results in contacts SSAX1
separating to deenergize coil SHSS and advance the scan
head stepping switch one position to move the tape one
space. When coil SHSS is deenergized contacts SHSS1
again engage to complete a circuit for coil SSA. "It is
thus seen that the above circuits are consecutively en-
ergized in the described manner to advance the tape over
the scan head.

The scan head stepping switch continues to advance the
tape over the scan head until the end-of-line signal is
brought to decoding position on the head. The end-of-
line signal comprises perforations in the tape which cause
quotient switches S28, S29 and S31 to be actuated. Switch
528 completes a cirouit for first quotient switch coil 1Q
from line Wi, through switch $28, coil 1Q and contacts
SSA2.  Contacts 1Q2 thus engage while contacts 1Q1
separate. Similarly, switch S$29 completes a circuit-for.
second ‘quotient switch coil 2Q to engage contacts 2Q8,
and switch S31 completes a similar circuit for fourth
quotient switch coil 4Q to engage contacts 4Q8. In
tracing these circuits, it will be remembered that the tape
was advanced to bring the end-of-line signal to decoding
position when coil SHSS was deenergized and coil SSA
energized, the latter-coil maintaining contacts SSA1 'md
SSA2 engaged.

Engagement of contacts 1Q2, 408, and 2Q8 completes
a circuit for the scan end-of-line relay coil SEL which is
traced. from line W1, through contacts' SQRZ, 1QRI,
3QR1L, 2QR1, 102, 4Q8, 3Q7, 2Q8, coil SEL and con-

“tacts SE4 to line W2. Energization of coil SEL results

in contacts SELZ, SEL2, SEL3, SEL4, SEL5 and SEL7
engagmg and -contacts SELG separating.. Contacts SEL1
are ‘in- parallel with contacts SHSS1 and 'consequently
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when coil SHSS is energized and contacts SHSS1 sepa-
rated, a circuit is maintained for coil SSA through con-
tacts SEL1 to keep it energized. Likewise, continued
energization of coil SSA maintains a circuit for coil
SSAX, through contacts S5A1, keeping contacts SSAX1
engaged and coil SHBS energized. It is thus clear that
the stepping switch SHSS stops stepping, and the advance
of the tape over the scan head is halted. The stepping
switch is stopped with its coil in an energized condition
for a reason which will be apparent hereafter. Immedi-
ately after the end-of-line signal is decoded and relay
SEL operated, justification information relay JI is re-
turned to non-operative condition to engage centacts J11
and JI2 and to separate contacts JI3. This is accom-
plished by separating contacts SEL6 in relay coil JI cir-
cuit. The reason for this will be apparent hereafter
when information is being photocomposed and is to be
justified.

After the second end-of-line signal is brought to decod-
ing position on the scan head, the first end-of-line signal
which is at that time between the two heads is brought to
deccding position on the read head. To accomplish this,
there is provided a push button type step read head
switch 82, Manual closing of switch S2 completes a
circuit for read head rapid advance relay coil RRA from
line W1, through switch S2, coil RRA contacts RHSS2
and REL3 to line W2 thereby engaging contacts RRA1
and RRAZ.
circuit for read head stepping switch coil RHSS from line
W1, through switch S2, contacts RRAZE, coil RHSS and
contacts REL3 to line W2. Contacts REHS52 thereupon
separate to deenergize coil RRA and separate contacts
RRAZ2. The latter in turn deenergizes coil RHSS to
step the switch one position and engage contacts RHSSZ.
Engagement of contacts RHSS2 again completes a circuit
for coil RRA to provide for continued alternate energiza-
tion of coils RRA and RHSS to step switch RHSS. Con-
tinued pressure on the push button advances the tape
over the read head until the first-end-of-line signal is
brought to reading position on the head, at which time
further movement of the tape is prevented.

‘The perforations which constitute the end-of-line signal
are positioned to actuate character identification switches
83, 84 and S§. Switch 83 completes a circuit for first
read head function decoder relay coil ARFD from line
W1, through switch 83, coil IRFD and contacts RFDGT
to line W2, the coil RFDG having been energized when
coil RHSS was deenergized to advance the tape one posi-
tion and contacts RHSS1 engaged. Energization of coil
IRFD causes contacts IRFD2 to engage and contacis
IRFDI1 to separate. Switch 84 similarly completes a
circuit for second read head function decoder relay coil
2RFD to engage coniact 2RFDS. In like manner, switch
86 completes a circuit for fourth read head function de-
coder relay coil 4RFD and contacis 4RFD16 are engaged.
Engagement to contacts IRFD2, 2RFDS and 4RFD1S
complete a circuit for read end-of-line relay coil REL
from line W1, through contacts RRAZ, contacts 8RFD1,
TRFD1, 6RFDI, 5RFDI1, IRFD2, 4RFD19, 3RFD7,
ZRFDS, coil REL and contacts SE4 to line W2. When
coil REL s energized contacts REL3 separate. Sepa-
ration of contacts REL3 results in continued pressure on
push button type switch S2 being ineffectual to further
advance the tape over the read head and, therefore, the
button is released to deactivate switch S2.

With the first end-of-line signal in decoding position
on the read head and the second end-of-line signal in
decoding position on the scan head, the tape is ready to be
auntomaitcally fed through the machine and in fact such
operation takes place when the above prescribed condi-
tions are fulfilled. However, before proceeding fusther
with the description of the automatic operation, it is
thought best to summarize the description so far given
to the extent of indicating the relays which are now in
energized condition.
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Coil 1Q energized—contacts 1Q2 engaged—contacts
1Q1 separated.

Coil 2Q energized—contacts 2Q2, 2Q4, 2Q6, 2Q8 en-
gaged—contacts 2Q1, 2Q3, 2085, 2Q7 separated.

Coil 4Q energized-—contacts 4Q2, 4Q4, 4Q8 engaged—
contacts 4Q1, 4Q3, 4Q5, 4Q86, 4Q7 separated.

Coil SEL energized—contacts SEL1, SEL2, SEL3,
SEL4, SELS5, SEL7 engaged—contacts SEL6 separated.

Coil REL energized—contacts RELI, REL2, REL4,
RELS, REL7, RELS, RELY engaged—contacts REL3,
RELS separated.

Coil SHSS energized—contacts SHSS1 separated.

Coil SSA energized—contacts SSA1, SSA2 engaged.

Coil SSAX energized—rcontacts SSAX1 engaged.

Coil IRFD energized—contacts 1IRFD2 engaged—con-
tacts IRFD1 separated.

Coil 2RFD energized—contacts 2RFD2, 2RFD4,
2RFD6, 2RFD8, ZRFDI1¢ engaged—contacts 2RFDI,
2RFD3, 2RFDS, 2RFD7, 2RFD9 separated.

Coil 4RFD energized—contacts 4RFD2, 4RFD4,
4RFD§6, 4RFDS, 4RFD19 engaged—contacts 4RFDI,
4RFD3, 4RFDS, 4RFD7, 4RFDY separated.

Coil RFDG energized—contacts RFDG1 engaged.

Coil SHD energized—contacts SHD1 engaged.

The first end-of-line signal is in decoding position on
the read head and relay REL in operated -condition to
engage contacts RELY and the second end-of-line signal
is in reading position on the scan head and relay SEL in
operated condition to engage contacts SEL7. Engage-
ment of contacts SEL7 and contacts RELY% complete a
circuit for the film advance control solenoid LS from line
W1, through solencid L9, contacts SEL7, REL9 and
LEH3 to line W2. Energization of the solenoid causes
the film to be advanced one line. It will be first assumed
that neither quotient stepping switch QSS nor quotient
remainder stepping switch QRSS is in its home position
and, as a result, contacts Q8S2 are engaged and contacts
QRSS2 are engaged, respectively. These contacts remain
engaged until the switches reach home position, at which
time they separate. A oircuit for quotient stepping switch
coil QSS can be traced from line W1, through coil QSS,
contacts QSS1 (an interrupter contact which facilitates
stepping of the switch), contacts QSS2, SEL4 and REL4
to line W2. When the switch reaches its home position,
contacts QSS2 separate to interrupt the stepping circuit.
Similarly a circuit for quotient remainder stepping switch
coil QRSS can be traced from line W1, through coil QRSS;
contacts QRSS1 (also an interruption contacts), contacts
QRSSZ, SEL2, and REL2 to line W2, When switch QRSS
reaches its home position, contacts QRSS22 separate
to interrupt the stepping circuit. A circuit for search re-
lay coil SE is thereupon completed from line W1, through
coil SE, contacts Q883, QRSS3, SELS, and REL7 to line
W2. Energization of coil SE causes contacts SE2, SE3,
SES5, SE7, SE8, SE10, SEi1, SE13 and SE15 to engage
and contacts SEi1, SE4, SE6, SE9, SEi2 and SEi4, to
separate, It is to be observed that the making contacts
SE7 engage before the breaking contacts SE4 separate; the
remaining contacts operating in a normal manner i.e. the
breaking contacts separate before the making contacts en-
gage. Engagement of contacts SE7 provide a self-hold-
ing circuit for coil SE which can be traced from line W1,
through coil SE, parallel contacts QSi and QRS1, and
contacts SE7 to line W2. Separation of contacts SEY in-
terrupts the circuit for coil SSA and as a result thereof
contacts SSA1 separate to deenergize coil SSAX. Con-
tacts SSAX1 separate to deenergize coil SHSS and advance
the stepping switch one position, at the same time engag-
ing contacts SHSS1. It is still assumed that contacts SE1
are separated so that continued stepping of switch SHSS
is prevented. This assumption is only made to permit
description of other circuit operations which occur simul-
taneously to those just outlined. Engagement of con-
tacts SE5 complete a charging circuit for capacitor QI
(FIG, 22) from line W1, through resistor BI which limits
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the initial inrush current to the capacitor, contacts SE5
and capacitor QI to line W2.. Separation of contacts SE4
interrupts the circuit for end-of-line relays REL and SEL,
thus returning these relays to their normal or deenergized
position.

Acreview of FIG. 21, which schematically represents the
coded tape, shows that although the scan head stepping
switch SHSS has advanced one position, there are no per-
forations to represent a coded signal and consequently
none of the quotient or quotient remainder switches S27
to S35 will be operated nor will the quotient relays 1Q
to 4Q or the quotient remainder relays 1QR to 5QR be
energized. Therefore, all of the contacts in contact tree
circuits associated with the quotient stepping switch QSS
and the quotient remainder stepping switch QRSS will be
in their normal positions as shown in the wiring dia-
gram. Although a circuit for quotient remainder stepping
switch coil QRSS will be completed from line W1, through
coil QRSS interrupter contacts QRSSI and contacts SE2,
the coil will not be energized to cause stepping of the
switch insofar as a short circuit exists around the coil.
The latter circuit being traced from line W1, through con-
tacts J12, 4QR1, contacts QRSSC1, brush QRSSB, recti-
fier QRRF, to interrupter contacts QRSS1. A circuit is
also completed from line Wi, through contacts JI2, con-
tacts 4QR1, and coil OQR to line W2 to energize zero
quotient remainder relay OQR and thus engage contacts
OQRY and separate contacts OQR2. In addition, a fur-
ther circuit is completed from line W1, through contacts
JIZ, contacts 4QR1, contacts QRSSC1, brush QRSSB, and
coil QRS to line W2, thus energizing quotient remainder
stepper relay QRS and separating contacts QRS1.

Similar to the above circuits are those associated with
the quotient stepping switch Q8S. ~Although a circuit
is completed for quotient stepping switch coil QSS from
line ‘W1, through coil QSS, interrupter contacts QSS1 and
contacts SE8 to line W2, the coil QS5 is not energized
to cause the switch to step insofar as the coil is shorted
out. The short circuit may be traced from line Wi,
through contacts JI2, YQ1, 201, 3Q1, 4Q1, contact QSSC2,
brush QSSB2, contacts QQR1I, rectifier QFR, to interrup-
ter contact QSS1. A circuit is also completed for quotient
stepper relay coil QS from line W1, through contacts JI2,
1Q1, 2Q1, 3Q41, 4Q1, contact QSSC21, brush QSSB2, con-
tacts OQR1Y, and coil QS to line W2, thus separating con-
tacts QS1. Separation of contacts QS1 and QRS1 interrupt
the self-holding circuit for coil SE. Deenergization of coil
SE separates contacts SE5 to disconnect charged capaci-
tor QI from the power supply and engagement of contacts
SE6 completes a circuit to permit the capacitor to dis-
charge through interlock switch coil I to pulse the switch
to its energized position thus engaging contacts 11, Ea-
gagement of contacts I1 initiates stepping interline space
stepping switch by completing a circuit for interline space
stepping switch coil I8SS, which circuit is traced from line
W1, through contacts I, coil ISSS, and contacts ISSZ to
line W2. Immediately the switch steps one position to
engage contacts ISSS2 which remain engaged until the
switch again reaches its home position. Contacts 15582
are connected in parallel with.contacts T1 and it is there-
for required that relay I remain energized only long
enough for the interline space stepping switch to advance
one position to engage contacts IS352. Energization of
coil ISSS also closes contacts ISSS3 to complete a circuit
for interline space stepping relay coil ISS, the circuit be-
ing traced from line W1, through contacts I3SS2, coil I53
and contacts ISSS3 to line W2. Completion of this
circuit separates contacts IS852 to deenergize the circuit
for ¢oil ISSS and separate contacts ISSS3. Separation of
contacts ISSS3 interrupts the circuit for coil ISS thus
engaging contacts ISS2 to complete a circuit for coil ISSS.

It is thus apparent that the relay and the stepping switch
are alternately operated and this will continue until the
stepping switch again reaches home position, at which
time contacts ISSS2 separate to interrupt the circuit to
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both coils ISS and- ISSS. Each time coil ISS was ener-
gized, contacts ISSE engaged to complete a circuit for
the read head stepping swiich coil RHSS from line Wi
through contacts ISS1, coil RHSS and contact REL3 to
line W2. Thus, each time interline space stepping switch
I5SS advances one position, read head stepping switch
RHSS advances one position. The circuit comprising the
interline space stepping switch ¥SSS and the interline space
stepping relay ISS, therefore, serves merely to produce
electric pulses to step the read head stepping switch past
the blank spaces heretofore referred to in describing the
perforated tape. As now being considered, the tape will
advance over the read head until the second end-of-line
signal is in reading position on the read head. The circuit
is only operative when the blank spaces are positioned
before the read head, and an end-of-line signal is being
read by the read head.  As will hereafter be seen, a justi-
fication signal will be interposed between the end-of-line
signal and the blank spaces. Although a complete cycle
for the interline space stepping switch operation has been
described, it is to be understood that the following circuit
sequences occur before the cycle is completed.

1t has been shown that the advance of the tape through
the read head foliowed directly upon deenergization of
search relay SE and the separation of contacts SE5 and
the engagement of contacts SES.  Although the descrip-
tion covered a considerable movement of tape over the
read head, it is of course understood that the tape was
being simultaneously advanced over the scan head, the
advance also being directly attributed to the deenergiza-
tion of search relay SE and the resulting engagement of
contacts SE1. Engagement of contacts SE1 completes
a circuit for relay SSA from line W1, through switch Si,
coil SSA, contacts SE1, and SHSS1 to line W2. It will
be remembered that contacts SHSS1 had previously en-
gaged. Energization of coil SSA engages contacts SSAL
to coinplete a circuit for coil SSAX. Contacts SSAXL
complete a circuit for coil SHSS and the relay is moved
to energized position and contacts SHSS1 separate to de-
energize coil SSA. The circuit operation for advancing
the tape over the scan head is now the same as previously
described, and, as before, the advance will continue until
the next end-of-line signal (i.e. the third signal in the
tape) is brought to reading position on the scan head and
scan end-of-line relay SEL is again energized to engage
contacts SEL1 to stop stepping of the scan head stepping
switch.

At the instant that the third end-of-line signal is on the
scan head and the second end-of-ling signal is on the read
head, the identical circuit conditions as above set forth
with regard to the relays in energized positions prevails.
However, instead of blank spaces appearing on the tape
positioned between the two heads as before, now in addi-
tion to the blank spaces, a number of signals represent-
ing the characters which go to make up the first Hne to
be photocomposed are positioned between the heads. In
addition, just beyond the scan head and to be decoded
when the scan head stepping switch is advanced one posi-
tion, is a justificaticn signal. Moreover, stepping switches
QSS and QRSS are in the home positicn.

Before proceeding to a further description of the elec-
tric circuits, the significance of the terms quotient and
quotient remainder as referred to in the circuits presently
under consideration will be explained. The complete
significance of the terms will be apparent as the Width
Information Circuits are hereafter considered.

When information is being reproduced on a typewriter,
there is a normal or standard spacing between words and
there is a space between the last word and the right-hand
margin, a so-called marginal space. To provide a justified
line of the reproduced information, it is desirable to divide
the space at the right-hand margin equally among the
spaces between the words. In the present machine, a full
or justified line comprises a fixed number of unit spaces.
The width of each character to be reproduced comprises
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a number of unit spaces (it will differ among different
characters) and the standard word space comprises a num-
ber of unit spaces. It is apparent that with standard word
spaces between each word, the space remaining at the
right-hand margin will comprise a number of unit spaces
(equal to the number of umit spaces in a justified line
minus the number of unit spaces taken up by the char-
acters in the line and the number of unit spaces taken up
by the normal word spaces between words), and that the
number of unit spaces in this space may not be divisible
by the number of word spaces to produce a whole-
number quotient. Thus, for example, if the margin space
is forty-seven (47) units and there are six (6) word
spaces, the quotient will be a mixed number ie. 75%.
Insofar as there is a unit space whereby measurements are
made, it is not desirable to attempt to increase each word
space by 73 unit spaces. The division of the margin
space, in the above example, is then allocated as follows.
Each of the first five word spaces is increased by seven
plus one (or eight) unit spaces, and the remaining word
space is increased by seven unit spaces. In this example,
the quotient is seven and the quotient remainder is five.
The concept of quotient and quotient remainder will be
clearer later on but it will suffice for now to know that the
tape is perforated to provide a justification signal and that
this signal will comprise a quotient and quotient re-
mainder signal.

The mechanism for “storing” the justification informa-
tion after it is decoded is the quotient stepping switch QSS
and the quotient remainder stepping switch QRSS. It will
be recalled that quotient stepping switch QSS is a multi-
level switch and it is this switch which indicates the num-
ber of unit spaces which are to be added to the normal
interword spacing to produce a justified line. In counting
the number of spaces to be added to the normal word
spacing, a binary system of numbers is used. Hence, one
contact level, e.g. the level containing contact QSSC31 (see
FIG. 26) is assigned the value one (1); a second contact
level, e.g. that containing contact QSSC41, is assigned the
value two (2); a third contact level, e.g. that containing
contact QSSC51, is assigned the value four (4); and a
fourth contact level, €.g. that containing contact QSSC61,
is assigned the value eight (8). It is apparent from FIG.
26 that when the switch is stepped such that the brushes
are on the contacts nearest the top of the sheet, they wiil
complete circuits representing the value of one plus two
or three. As the brushes are stepped downwardly, they

successively complete circuits representing the values four,

five, etc., up to and including twelve. These circuits lead
to the electronic counter (FIG. 27) which in turn leads
to the Time Sequence Circuit and hence will be considered
hereafter,

To return to the conditions set forth above, with an
end-of-line signal in decoding position on both scan and
read heads, a circuit is completed for coil SE from line
W1, through coil SE, contacts QS83, QRSS3, SEL5 and
REL7 and line W2; contacts SE2, SE3, SE5, SE7, SFS,
SE10, SE11, SE13 and SEI1S engaging and contacts SE1,
SE4, SE6, SE9, SE12 and SE14 separating. Separation
of contacts SE1 deenergizes coil SSA to ultimately de-
energize coil SHSS and advance the scan head stepping
switch one position, to bring the justification signal into
reading position on the scan head. It will now be as-
sumed thatt he signal comprises perforations to cause
actuation of switches S28, S29, S27, S32, and 835 (FIG.
24). Switch 828 completes a circuit for coil 1Q to engage
contacts 1Q2 and separate contacts 1Qi. Switch S2%
completes a circuit for coil 2Q to engage contact 2Q4.
Switch 827 completes a circuit for coil 1QR to engage
contacts 1QR2, 1QR4, 1QR6, 1QR8 and 1QR18 and sep-
arate contacts IQRI, 1QR3, 1QR4, 1QR7 and IQRS.
Switch 832 completes a circuit for coil 2QR to engage
contact 2QR18, and switch S35 completes a circuit for
coil 5QR to engage contact 5QR2.

Engagement of contacts SE9 completes a circuit for
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quotient stepping switch coil QSS from line W1, through
coil S8, contacts QSS1 and SE9 toline W2, Switch QSS
immediately starts to step and will continue to do so until
brush QSSB1 engages contact QSSC15, at which time a
circuit from line W1, through contacts JI2, 1Q2, 4Q7,
3Q5, 2Q4, contact QSSC26, QSSC15, brush QSSBI, con-
tacts OQR2 and rectifier QRF to ocntact QSS1 short cir-
cuits coil QSS, thus preventing further stepping of the
switch, A circuit for quotient stepper relay QS is also
completed to separate contacts QS1. The circuit is traced
through the relay tree and includes the contacts used to
short circuit coil QSS.

Engagement of contacts SE2 similarly completes a cir-
cuit for quotient remainder stepping switch coil QRSS
from line W1, through coil QRSS, contacts QRSS1 and
SE2 to line W2. Immediately, switch QRSS starts to step
and it will continue to do so until brush QRSSB engages
contact QRSSC19, at which time a circuit from line W1,
through contacts 5QR2, 3QR1%, 2QR12, 1QR6, contact
QRSSC20, brush QRSSB and rectifier QRRF to contacts
QR3SI and contacts SE2 short circuits coil QRSS to pre-
vent further stepping of the switch, A circuit for quotient

‘remainder stepper relay QRS is also completed to separate

contacts QRS1. This latter circuit is traced through the
relay tree and includes the contacts which short circuit
coil QRSS.

In the example given above, in which the first five nor-
mal word spaces will be increased by eight unit spaces
and the remaining word space by seven units spaces, the
justification signal was such that the quotient stepping
switch stepped until the brushes made contact to complete
a circuit representing the value eleven ie. three plus
eight. The quotient remainder stepping switch stepped
until its brush made contact five spaces short of its home
position.

Separation of contacts QS1 and contacts QRS1 inter-
rupts the holding circuit for coil SE and the search relay
thereupon returns to its deenergized position, engaging
contacts SE1, SE4, SE6, SE9, SE12 and SE14 and sep-
arating contacts SE2, SE3, SE5, SE7, SES, SE18, SE11,
SE13 and SE15. Engagement of contacts SE9 completes
a circuit for coil J1 (contacts SE16 had engaged when
relay SE was energized to interrupt the circuit for scan
end-of-line relay coil SEL), thus causing contacts JI1 and
Ji2 to separate and contacts JI3 to engage. Contacts JI2
interrupt the circuit for coil QS to engage contacts QS1.

Return of search relay SE to its deenergized state and
the engagement of contacts SE1 cause scan head stepping
switch to step as before described. The switch will step
to advance the tape over the scan head until the next end-
of-line signal appears in reading position, at which time
the switch will stop stepping. The engagement of con-
tacts SE§ causes the interline space stepping switch to
step as before described. When the switch reaches its
home position and contacts ISSS2 separate, the read head
stepping switch will have stepped until the first character
signal is in reading position on the read head. At this
time, the circuit for read head stepping switch coil RHSS
is deenergized and contacts RHSSI and RHSS2 engage
and the perforations representing the signal for the first
character are then in position to actuate any of the
switches S3 through S16. Engagement of contacts RHSST
completes a circuit for read head function decoder gate
relay coil RFDG from line W1, through coil REDG, and
contacts RHSS1 to line W2. As a result contacts RFDG1
engage.

It will be assumed, referring to FIG. 9, that the first
signal is that for a character to be photographed and
that the character is found in the position indicated as
173. 1In the binary shuiter scheme, this means that shut-
ters assigned the binary values 128, 32, 8, 4 and 1 will
be actuated as before explained. The tape will be punched
for this character so that switches will be actuated to
operate the shutters. In the arrangement disclosed, switch
519 first completes a circuit for eighth read head function
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decoder relay coil 8RFD from line ‘W1, through switch
S$10, coil 8RFD and contacts RFDG1 to line W2 thus
separating contacts 8RFD1. Switch S8 similarly com-
pletes a circuit for sixth read head function decoder relay
coil 6RFD and contacts 6RFD1 separate. Circuits for
the fourth, third and first read head function decoder
relay coils 4RFD, 3RFD and IRFD are similarly com-
pleted by operation of switches S6, S5 and S3 respectively.
Contacts 4RFD2, 4RFD4, 4RFD6, 4RFDS, 4RFDI16,
3RFD2 3RFD4, 3RFDS6, 3RFD$ and IRFD2, thereupon
engage and contacts 4REFDI, 4RFD3, 4RFDS, 4RFDY,
4RFD3, 3RFD1, 3RED3, 3RFDS, 3RFD7 and IRFD1
separate. Separation of contacts 6RFDI and $RFD1
insure that a circuit will not be completed for one of the
machine function signals, i.e. end-of-line and line-erase
signals, and the non-completion of these circuits “tells”
the machine that the signal represents a character to be
photographed. It will be noted from FIG. 9 that each
of the characters is represented by a binary number ex-

ceding sixteen (16) and consequently if a character is

to be photographed, the tape will be perforated to operate
at least one of switches S7, S8, S9 or S1¢ which, as will be
seen hereafter, operate the shutters corresponding to the
binary numbers 16, 32, 64 and 128, respectively.

After it has been determined that the signal represents
a character to be photographed and not a machine func-
tion, shutter energizing relay coil SHE is energized (to
be considered with the Time Sequence Circuits) to engage
contacts SHEI1, SHEZ, SHE3, SHE4, SHES, SHEG,
SHET7 and SHES. The engagement of contacts SHEI com-
pletes a circuit for first shutter solenoid holding relay coil
1SSH from line W1, through switch 83, contacts SHE1,
coil ISSH and contacts SHD1 to line W2, thus engaging
contacts ISSH3. Similarly, contacts SHE3 completes a
circuit for third shutter solenoid holding relay coil 355H
from line W1, through switch S5, contacts SHE3, coil
3SSH and contacts SHD1 to line W2, thus engaging con-
tacts 3SSH3. Circuits for coils 438H, 6SSH and 8SSH
are similarly completed and contacts 4SSH3, 65SH3, and
8SSH3 are closed respectively. Engagement of the indi-
cated contacts on the shutter solenoid holding relays com-
pletes circuits for the shutter solencids as follows: con-
tacts 1SSH3 complete a circuit for solenoid L1 from line
W1, through contacts 1SSH3 and solenoid L1 to line W2;
contacts 3SSH3 complete a circuit for sclenoid L3 from
line W1, through contacts 3SSH3 and solenoid L3 to line
W2; contacts 4SSH3 complete a circuit for solenoid L4
from line W1 through contacts 4SSH3 and solenoid L4
to line W2; contacts §SSH3 complete a circuit for solenoid
L6 from line W1, through contacts 635SH3 and solenoid
Ls to line W2; and contacts 8SSH3 complete a circuit
for solenoid LS from line W1 through contacts 8SSH3
and solenoid L8 to line W2. Energization of the shutter
solenoids as explained will operate the shutters to expose
the character represented by the numeral 173 in FIG. 9.
At the same time that swiiches S3, S5, $6, S8 and Si¢
(FIG. 22) are operated to energize shuttels to expose a
character, switches $11 to Si4 (FIG. 26) will be operated
singly or in combination fo signal the character width for
the exposed character. The function of these latter
switches, S11 to S14, will be more. fully explained when
the Width Information Circuits are considered. For the
time being, it will be assumed that the light source had
been flashed when the character was exposed and the
character thereby photographed on the film.

In the arrangement described, push button type start-
ing button $38 is depressed to start movement of the pro-
jection lens carriage. The relationship betwen movement
of the carriage and flashing of the light source will be
considered hereafter. As is shown in the wiring diagram,
the carriage drive motor (not shown in the electric cir-
cuits) is of the universal type and is connected directly
across an alternating current power supply. - This power
supply is connected to the circuits at the same time that
the direct current power supply is connected to the D.C.
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circuits. With the motor operating, it is only necessary to
energize the eleciric clutch in order that the carriage
move. Pressure on push button type starting switch
538 directly compietes a circuit for starting relay coil
5T to engage contacts ST1 and ST2. The contacts ST2
are connected in parailel with switch 838 to provide
a self-holding circuit for the relay. =Thereafter shutter
deenergizing relay coil SHD is energized to separate
contacts SHD1 and read head advance relay coil RA
is pulsed to engage contacts RA1. Separation of con-
tacts SED1 interrupts the circuits for all of the shuiter
solenoid hoilding relays and, as a result, all of the
shutters revert to- their normal position in which all of
the characters are shiclded from the film. Engagement of
contacts RAI completes a circuit for read head stepping
switch coil RH35 and then as coil RA is deenergized (it
only having been pulsed) and conmtacts RA1 separate,
the read head steps one position and advances the tape
to reading position. Thus the next signal is presented
and the character represented thereby is photographed in
an operation similar to that described for the first char-
acter signal. ~ The read head is thus stepped to inter-
mittently advance the tape and signals representing char-
acters to be photographed to reading position on the head.

After the signals for the characters which go to make
up a word, there appears on the tape a signal represent-
ing a space between words. This signal consists of a
single perforation which actuates the switch S4. Opera-
tion of this switch completes a circuit for the second
read head function decoder relay coil 2RFD from line
W1, through switch S4, coil 2RFD and contacts RFDG1
to line W2, thus engaging contact ZRFD2. Contacts
2RFD2 complete a circiit for quotient remainder advance
relay coil QRA, from line Wi, through contacts MF1,
SRFD1, 7RFD1, ¢RFD2, 5RFD1, IRFDI, 2RFD2,
3RFD3, 4RFDS and coil QRA to line W2 to engage
contacts QRAZL. The contacts remain engaged only as
long as the signal remains in reading position on the
read head, but when the contacts are engaged, a circuit
is directly complete for quotient remainder stepping switch
coil. QRSS (FIG. 26) and hence when the contacts
separate and coil QRSS is deenergized, the stepping switch
advances one position. - It is clear that each time a
signal for a word space appears on the coded tape, step-
ping switch QRSS advances one step nearer its home
position.

In the example cited above to explain justification,
brush QRSSB was assumed to be five positions away from
its - home position so that, consequently, after five word
space signals brush QRSSB will have been returned to
its home position and switch QRSS is then in its home
or normal condition, at which time contacts QRSS2 and
QRES4 engage and contacts QRSS5 separate. - Separation
of contacts QRSS5 disconnects capacitor QQSU from
across lines W1 and W2 from whence it had been fully
charged, and engagement of contacts QRSS4 connects
ihe capacitor to quotient subtractor relay coil QSU to
permit it to discharge into the coil to pulse relay QSU on
and then, as the charge is dissipated, off. The momentary
energization of relay QSU engaged contacts QSU1 to
directly complete a circuit for quotient stepping switch
coil Q38. When the contacts separated, quotient step-
ping switch QS8 advanced one position and its brushes
moved from contacts representing one unit space value
to contacts represeniing a unit space value one less than
the previous number or in the specific illustrative example,
from a value of eleven to one of ten. It is thus ap-
parent that, after eight unit spaces were added to the
normal word spacing for the first five word spaces,
only seven unit spaces will be added to the last word space
in order to produce a justified line.

The photocomposing operation continues until all the
characters making up the line are photographed, where-
upon the next signal advanced to reading position is an
end-of-line signal. The end-of-line signal, as above noted,
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includes perforations which actuate switches 53, 84 and
S6. As before, the end-of-line signal results in read
end-of-line relay REL being operated to engage contacts
REL1. Engagement of contacts REL1 completes a cir-
cuit for forward clutch deenergizing relay coil FCD from
line W1, through contacts REL1, coil FCD, contacts
BCC1, ST4, and switch S22 to line W2. Energization of
coil FCD engages contacis FCD1, FCDZ, FCDS5, FCD$6
and FCD7 and separates contacts FCD3 and FCD4.
Separation of contacts FCD3 and contacts FCD4 dis-
connect the forward drive clutch FC from the power line
to stop forward movement of the carriage. Contacis
FCD2 and contacts FCD5 complete g circuit for clutch
FC of opposite polarity from that previously considered.
This circuit is to reduce hysteresis in the cluich and may
be traced from line Wi, through contacts FCDS, clutch
FC, contacts FCD2 and resistance RFC to line W2.
Contacts FCD§ complete a circuit for reverse clutch
energizing relay coil RCE, which circuit extends from
line Wi, through contacts FCIDD6, coil RCE, contacts
BCCI1, ST1 and switch 822 to line W2. It will be noted
that the relay is timed in moving to its energized posi-
tion in order that the carriage may slow down in its
forward movement prior to the reverse clutch being
energized. After the time delay, contacts RCEL engage
to complete a circuit for reverse clutch RC, the circuit
leading from line W1, through contacts RCD1, RCE1,
clutch RC, contacts BCC1, 8T1 and switch S22 to line
W2. Energization of clutch RC causes the carriage to
return to its start-of-line position, at which place start-of-
line switch S37 is moved to an operated position. This
completes a circuit from line Wi, through switch S37,
coil RCD and contacts FCD7 to energize reverse ciutch
deenergizing relay RCD, thus separating contacts RCID1,
and engaging contacts RCD2 and RCD3. Engagement of
contacts RCD3 completes a circuit for brake clutch clear-
ing relay coil BCC from line Wi, through contacts
ISSS1, switches S26 and S25, contacts RCD3, SM2, coil
BCC, contacts LEH2, 83 and FCD7 to line W2. Relay
BCC is of the time delay type and consequently it is
not operated immediately upon its coil being energized.
Separation of contacts BCC1 interrupts the circuits for
coil FCD, coil RCE, and clutch RC. Deenergization of
coil RCD, and the consequent separation of contacts
FCD7, interrupts the circuit for coil RCD and ceil BCC.
Deenergization of coil BCC, and the subsequent engage-
ment of contacts BCCI, sets the carriage for movement
in a forward direction, the circuit for forward drive clutch
FC being traced as before from line Wi, through con-
tacts FD2, FCD3, clatch FC, coutacts FCD4, BCCI,
STi, and switch S22 to line W2. It is thus seen that
the steps described above for the composition of a line
of information can now be repeated for the next line
and any lines which follow.

While the projection lens carriage was being returned
to the start-of-line position, the circuit sequence, before
described, was taking place. That is, an end-of-line sig-
nal was in reading position on the read head and an
end-of-line was in reading position on the scan head.
Read end-of-line relay REL was in energized condition
and scan end-of-line relay SEL was in energized con-
dition. A circuit was thereupon completed for the ad-
vance of the film in the film holder; the circuit energizing
film advance solenoid 19 and being traced from liue
Wi, through solenoid L9, contacts SEL7, RELY and
LEH3 to line W2. The quotient stepping switch QSS
and the quotient remainder stepping switch QRSS also
step to their respective home positions. Search relay SE
was then operated and the scan head stepping swiich was
advanced to read the justification signal. This signal
caused the quotient stepping switch and the quotient re-
mainder stepping switch to step to positions in accordance
with the signal given. When the stepping switches (GSS
and QRSS had reached their justification signal positions,
search relay SE was deenergized to permit the scan head
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stepping switch to step and advance the tape until the
next end-of-line signal appeared in reading position on
the scan head. Also when relay SE was deenergized, the
interline space stepping switch advanced the tape to bring
the first character signal into reading position on the
read head. The tape was stopped in this position untl
the carriage had returned to the start-of-line position
and started to again move in the forward direction.
When the carriage so moved, the first character was photo-
graphed in an operation similar to that described above.
The photographing of succeeding characters proceeds as
above described until the complete line is composed, at
which time the compiete process is again repeated.

Line-Erase

In addition to the circuits provided for the photo-
composing of a line as above set forth, there are numer-
ous other conditions for which provision kas to be made.
For example, if while the coded tape is being perforated
a mistake is detected, provision is made for a line-erase
signal to be punched in the tape. When this signal
appears in reading position on the scan head in place
of the end-of-line signal, only switch S28 is actuated
to complete a circuit for energization of coil £Q. Con-
tacts 1Q2 then engage and contacts 1Q% separate. En-
gagement of contacts 1Q2 completes a circuit from line
W1, through contacts 3QR1, 1QR1, 3QR1, 2QRY, 1QZ,
4Q7, 3Q5, 2Q3, J13, coil LE and contacts SE4 to line
W2 for line-erase relay coil LE. Energization of coil
LE engages contacts LE1 and LE2. Contacts LE1 pro-
vide a self-holding circuit for coil LE. - Connected in
parallel with coil LE by means of rectifier LERF is coil
SEL, and consequently coil SEL is energized with coil
LE and it also is maintained in an energized state by
means of contact LEL.

When the preceeding line has been protocomposed and
an end-of-line signal has been advanced to reading posi-
tion on the read head, and read end-of-line relay REL
is energized, the coded information between the two heads
is to be “erased” or in other words, disregarded. There-
fore, provision is made for advancing the tape rapidly
over the two heads until the mext end-of-line signal is
in decoding position on the scan head and the line-erase
signal is in decoding position on the read head. After
the erased line has passed over the read head and the
next line is ready to be photocomposed, the film advance
solenoid is prevented from operating by means of con-
tacts LEH3 which are separated, thus preventing an
additional movement of the film, it already baving been
advanced in preparation for photographing the next line
when the line-erase signal was “read” and caused the
line to be bypassed.

The energization of the scan end-of-line relay SEL
and the read end-of-line relay REL causes contacts SEL2,
SEL3, SEL4, SELS, SEL7, REL1, SEL4 and REL4
to engage. Engagement of contacts REL4 and RELZ
and REL2 and SEL 2 causes stepping switches QSS and
GRSS to step to their home positions respectively, thus
engaging contacts Q853 and QR3S3 which complete a
circuit for search relay coil SE as above described. Ener-
gization of coil SE engages contacts SE2, SE3, SES, SE7,
SE8, SE18, SEii, SE13, and SEIS and separates com-
tacts SE1, SE4, SE6, SE9, SE12 and SEI4.

The engagement of contacts SEI5 completes a circuit
for line-erase memory relay coil LEM from line WI,
through contacts SEES, LE2, coil LEM, and contacts
LEHS to line W2 and thereby engages contacts LEMI1
and LEM2. Contacts LEM2 are connected in parallel
with contacts SEi5 and LE2 and consequently provide
a self-holding circuit for coil LEM. The engagement of
contacts SES completes a charging circuit for capacitor
QI on (FIG. 22).

Separation of contacts SE1 causes the scan head step-
ping switch to advance one position, but the justification
signal read is of no significance and the quotient stepping
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and quotient remainder stepping switches step f{o some
arbitrary position depending on the “signal.” Separation
of contacts SE4 interrupts the circuits for coils LE, SEL
and REL and these switches revert to their deenergized
positions. When relays SEL and REL are deenergized,
contacts SEL5 and REL7 separate, thus interrupting the
circuit for coil SE. When the stepping switches QSS and
QRSS reached the “signal” positions, relays QS and QRS
became energized as before described thus separating
contacts QS1 and QRS1 and interrupting the self-holding
circuit for coil SE. Contacis SE1, SE4, SE§, SE%, SEi2
and SE14 now engage and contacts SEZ, SE3, SES, SE7,
SE8, SE19, SE11, SE13 and SE15 separate.

Engagement of contacts SE1 (contacts SEL1 being sepa-
rated) immediately causes the scan head stepping switch
to advance the tape until an end-of-line signal is again
brought to reading position on the scan head at which
time the stepping switch movement is stopped as described
above.

Engagement of contacts SEi4 completes a circuit for
line-erase holding relay coil LEH from line W1, through
contacts SE14, coil LEH and contacts LEM1 to line W2
to engage contacts LEH1 and LEH4 and separate con-
tacts LEH2, LEH3 and LEHS. Contacts LEH4 being
connected in parallel with contacts LEM1 provide a self-
helding circuit for coil LEH. <Contacts LEHS, which
separate after contacts LEH4 engage, interrupt the circuit
for coil LEM to return the relay to its normal position.

Engagement of contacts SE6 permits capacitor QI to
discharge into interlock relay coil I to initiate stepping
of interline space stepping switch ISSS and read head
stepping switch RHSS as above described. FEngagement
of contacts LEH1 completes a circuit for read head rapid
advance relay coil RRA from line W1, through contacts
LEH]1, coil RRA contacts RHSSZ and REL3 to line WL.
Contacts RRAI thereupon engage to complete a circuit
for. coil RHSS from line W1, through contacts LEMI,
RRA1, coil RHSS and contacts REL3 to line W2. Con-
tacts REHSSZ then separate to deenergize coil RRA and
separate contacts BRAL. Separation of contacts RRA1
deenergizes coil RHSS to again engage contacts RHSS2
and complete the circuit for coil RRA. It is thus ap-
parent that the coils RRA and RHSS will be alternately

energized, thus stepping the read head stepping switch,
~ until an end-of-line signal is brought into decoding posi-
tion on the read head and end-of-line relay coil REL is
engaged to separate contacts REL3. In this instance,
the coded signal will be for line-erase and as was noted
before the signal included a single perferation. When
this signal arrives at the read head, the circuit for coil
REL can be traced from line W1, through contacts RRAZ,
8R¥DI, 7RFD1, 6RFDY, 3RFDI, IRFD2, 4RFD9,
3RFDS, 2RFD3, coil REL and contacts SE4 to line W2,
the perforation being positioned t¢ actuate switch 83 and
consequently complete the circuit for coil IRFD.

While the coded information already punched in the
taps was traversing the read head, switches 83, S4, etc.
were being actuated as were the shutters. However, the
line-erase holding relay LEH remains energized and con-
tacts LEHZ are separated. This prevents coil BCC from
being energized and thus the forward ciutch desnergiz-
ing relay FCD is energized and a civcuit for the forward
clutch FC is therefore not completed and the carriage
remains in its start-of-line position. Cousequently there
are no photocell pulses produced and the light source is
not flashed to photograph the characters being exposed.

When the end-of-line signal (sic-line-erase signal) is in
decoding position on the read head and the next end-of-
line signal is in decoding position on the scan head, a
circuit for search relay SE is completed to separate con-
tacts SE14 and thus deenergize line-erase holding relay
coil LEH and cause the relay return to normal position.
Having again reached a point where an end-of-line signal
is in reading position on both the scan head and the read
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head, the machine will proceed to photocompose the next
line in the manner previously described.

Quad Left

In addition to the line-erase function, there is another
machine function which is to be considered, and that is,
the quad-left function. In the type composing art, when
the type matter is to be included in only a portion of the
available line space, the line is said to be quadded or,
in other words, to include a number of blank spaces afier
the last word composed. Such a condition- arises at the
end of a paragraph. Under such circumstances, when
setting type, the line is not justified. In a photo-com-
posing machine, this means. that the spacing between
words will be of normal width, i.e. not justified. FIG. 21
indicates that when a line is to be quadded, a quad signal
follows the character signals and again there is a mean-
ingless justification signal for that line which latter “sig-
nal” is stored in the quotient and quotient remainder step-
ping switches but is ignored in the remaining circuits
through the separation of contacts QUHS3.

The quad signal comprises punchings which will actu-
ate switches S28, 539 and 531. When this signal appears
in reading position on the scan head, circuits will be com-
pieted for quotient relay coils 1Q, 3Q and 4Q respectively.
Energization of these coils engages contacts 1Q2, 3Q8
and 4Q8. A circuif can then be traced from line Wi,
through contacts SQRI, 1QR1, 3QRI, 2QR1, 1Q2, 4Q8,
3Q8, coil QU and contacts SE4 to line W2 to complete
a circuit-for quad-left relay coil QU. Contacts QUT and
QUZ thereupon engage. Rectifier QURF and coil SEL
are connected in parallel with coil QU and consequently
when the circuit for coil QU is completed, coil SEL is
also energized to move relay SEL contacts to operated
position. As was already noted, when relay SEL is op-
erated the scan head stepping switch SHSS stops stepping
and the advance of the tape over the scan head halts.

When photographing of the preceding line is completed,
an end-of-line signal is in reading position on the read
head and relay REL is energized to stop the read head
stepping switch from further stepping. Now, as before,
with both the read end-of-line relay REL and the scan
end-of-line relay SEL energized, the film advance solenoid
L9 is energized to advance the film in the holder. Also,
the quotient stepping switch QSS and the quotient remain-
der stepping switch QRSS return to their home positions.
‘When the switches are in home position, a circuit is com-
pleted for search relay coil SE and contacts SE2, SE3,
SES, SEY, SES, SE1§, SE11, SE13 and SP15 engage and
contacts SE1, SE4, SE6, SES, SE12 and SE14 separate.
Engagement of contacts SE13 completes a circuit for
quad-left memory relay coil QUM which is traced from
Iline W1, through contacts SE13, QU2, coil QUM and
contacts QUHS to line W2; contacts QUM1 and QUM2
engaging. Engagement of contacts QUMZ2 complete a
self-holding circuit for coil QUM, the contacts being
connected in parallel with contacts SE13 and QU2.

Separation of contacts SE4 intertupts the circuits for
coils QU, SEL and REL, thus returning the relays to their
normal or deenergized position. Separation of contacts
SE1 causes scan head stepping switch SHSS to step one
position.  The signal there found, although meaningless,
causes the quotient and quotient remainder stepping
switches to step to some position in the manner previously
described. - Thus coils QS and QRS are energized to
separate contacts QS1 and QRSH, respectively.

Separation of contacts QS1 and QRS interrupts the
circuit for coil SE to return relay SE and its contacts to
normal position. Engagement of contacts SE12 com-
pletes a circuit for quad-left holding relay coil QUH from,
line W1, through contacts SE12, coil QUH and contacts
QUMI to line W2. Contacts QUHI, QUH2 and QUH4
engage and contacts QUH3 and QUHS separate. Con-
tacts QUHA4 complete a self-holding circuit for coil QUH,
they being in parallel with contacts QUM1. Contacts
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QUHS interrupt the circuit for coil QUM, thus causing
relay QUM to return to normal position. Additional
contacts of relay QUH will be found in the Width In-
formation Circuit and will be identified when this circuit
is considered. Engagement of contacts SE1 causes scan
head stepping switch to step until the next end-of-line
signal is brought to decoding position on the scan head,
at which time scan end-of-line relay SEL will be energized
to halt the stepping switch and the advance of the tape
over the scan head. Engagementi of contacts SEG pro-
vides a discharge path for capacitor QI to pulse interlock
relay coil I and to initiate stepping of the interline space
stepping switch ISSS as above described.

As the characters in the quadded line are photographed,
contacts RAZ are intermittently operated to cause the read
head stepping switch to be stepped. Stepping of the
switch continues until an end-of-line signal appears in
reading position on the read head, at which time motion
of the switch is stopped. An end-of-line signal is now
read on both of the heads and any of the above described
operations may now be repeated.

Stop Machine

In type compesing work, it is often desirable to provide
for characters of different point size particularly when
new lines are being prepared. In the present machine,
the production of filmed images of varying point size is
accomplished by changing the optical system, as by vary-
ing the distance between the various lens components and
by varying the particular lenses in use as heretofore de-
scribed. To facilitate adjustment of the lens system, pro-
vision is made for stopping movement of the projection
lens carriage when it arrives at the start-of-line position.
A stop machine signal is punched in the tape in position
to actuate switches S5 and S6. This signal is punched in
place of the end-of-line signal preceding the characters to
be filmed in a different point size, and it may be noted
that the stop signal is immediately followed by a justifica-
tion signal.

When the stop machine signal is advanced to decoding
position on the read head, a circuit is completed for stop
machine relay coil SM from line W1, through contacts
MF1, 8RFDI1, 7RFDI, 6RFD1, SRFDI, iRFDI, 2RFD],
3RFD2, 4RFD4, coil SM, contacts BCCI, ST1 and switch
S22 to line W2. Energization of coil SM engages con-
tacts SM1, SM32 and SM4 and separates contacts SM2.
A circuit from line W1, through contacts MF1, 8RFD1,
7RFD1, 6RFD1, 5RFD1, 1IRFDi, 2RFDIi, 3RFD2,
4RFD4, rectifier SMRF, coil REL and contacts SE4 to
line W2 is also completed for coil REL to engage contacts
REL1, REL2, REL4, RELS, REL7, RELS and RELY and
separate contacts REL3 and RELG. By the time the stop
machine signal arrived in decoding position on the read
head, the next following end-of-line signal had been in
decoding position on the scan head and had energized the
scan end-of-line relay to stop stepping of the scan head
stepping switch. Consequently, when read end-of-line
relay REL was energized by the stop machine signal, cir-
cuits were completed to cause the quotient and the quo-
tient remainder stepping switches to step to their home
positions. The arrival of the switches in the home posi-
tions completes a circuit for search relay SE to prepare
for the photographing of the next line.

It will be recalled from the foregoing description that
contacts REL1 completed @ circuit for coil FCD to reverse
the direction of movement of the projection lens carriage
and teturn it to the start-of-line position. In addition to
contacts RELY, contacts SM1 also complete a circuit for
coil FCD. The reversing of carriage motion from the
forward to the reverse direction is accomplished through
the circuit sequence previously described. However, with
the stop machine signal being read, relay SM is energized
and contacts SM2 separated. These contacts prevent coil
BCC from being energized. Nonenergization of coil
BCC and the continued engagement of contacts BCCL
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prevents the deenergization of coil FCD and consequently
the forward drive clutch cannot be energized. Therefore
the carriage remains in the start-of-line position until the
circuit for coil FCD is interrupted, as by pressure on push
button type restart switch S22, The resulting deenergiza-
tion of coil FCD starts the carriage in a forward direc-
tion as previously described. While the carriage was
stopped in its start-of-line position, the machine operator
may make any desired adjustments in order to, for ex-
ample, change the point size setting for the lenses. Also,
while the carriage was halied, circuits were operated to
cause the scan head stepping switch to step and advance
the tape to the mnext end-of-line signal; the justification
information being read and stored after the scan head
stepping switch advanced the tape one position from iis
original stopped position. At the same time, the interline
space stepping switch ISSS is stepped to cause read head
stepping switch to advance the tape to bring the signal
representing the first character of the new line to decoding
position on the read head. The read head will not, how-
ever, be automatically stepped until the carriage begins
its movement in a forward direction as by the pressure
on restarting switch $22. After the desired adjustments
are made, the restarting switch is depressed, deenergizing
coil FCD so that when switch S22 recloses, the carriage
is again moved in a forward direction and photographing
of successive characters takes place in a manner similar
to that previously described.

Safety Switches

It is apparent from the wiring diagram that operation
of read head no-tape switch S24 will operate coil SM in
the same manner that stop machine signal energized the
coil. Also safety switch S36, which operates when the
projection leuns carriage reaches its extreme end-of-line
travel, will complete a circuit for stop machine relay coil
SM to return the carriage to the start-of-line position and
stop further movement thereof until the restart button is
actuated. Film magazine and film advance safety switch
325, which operates when the film is being advanced in
the holder, and out-of-film switch $28, which operates
when the film in the magazine is exhausted, are connected
in series with brake clutch clearing relay coil BCC so that
if either of the two conditions under which the switches
operate arises, the BCC coil circuit is prevented from
being energized and the projection lens carriage will again
be stopped after it returns to its start-of-line position.

Font Change

In describing the machine components, reference was
made to FIG. 1, wherein was shown a rotatable font plate
comprising five fonts of characters; the reason for the
plurality of fonts being that in composing type for printed
information it may be desirable to change from one style
of type face to another, e.g., from standard text type to
bold face type or te italics, and the characters of one style
of type are located in a single font. The range of type
styles may exceed the number disposable on one font
plate and thus a plurality of font plates may be associated
with each machine. In such case though, the font plates
are manually interchanged. The present description will
cover the automatic change from one font to ancther on
the font plate.

The font change signal is punched in the tape, similarly
to the stop-machine, line-erase, end-of-line, etc. signals,
and it is therefore “read” by the operation of combina-
tions of read head functicn decoder relays IRFD to
SRFD. The machine will start with one font in photo-
graphing position and it is immaterial for purposes of this
description which font is so positioned. It will now be
assumed that it is desired to change fonts, and that the
signal representing the next font from which characters
will be photographed is advanced to reading position on
the read head. It will be further assumed that the se-
lected font is to be font #4; the signal for which com-
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prises punchings which will actuate switches S3 and S6.
Operation of these switches will complete circuits for first
and fourth read head function dzceder relay coils IRFD
and 4RFD respectively, thus engaging contacts 1RFD2
and 4RFD18. Contacts IRFD2 and 4RFD16 complete
a circuit for font #4 relay coil 4F from line W1, through
contacts MFY, 8RFD1, 7RFD1, 6RFDI, 5RFD1, iRFD2,
4RFD1§, 3RFDY7, 2RFD7, coil 4F and contacts FCC1
to line W2, Energization of the coil causes contacts 4FL
and 4F2 to engage. Contacts 4F2 complete a self-hold-
ing -circuit for the coil from line W1, through contacts
4F2, coil 4F and contacts FCC1 to line. W2. A circuit
is also completed for font change drive control relay coil
FD and output pulse simulator relay coil OPS at the time
the circuit for coil 4F is completed. The circuit for coils
FD and OPS are from the common point between coil
4F and contacts 2RFD7 through rectifier 4FRF and coils
FD and OPS (the coils being in parallel) and contacts
FCC1 to line W2. Contacts FD9 complete a self-kolding
circuit for coils FD and OPS, they being connected there-
from to line Wi, ' It wiil be noted from the diagram that
each time a font relay coil is energized a circuit similar
to that just traced will be completed for coils FD and
OPS. .

Before energization of coil OPS, contacts OPS1 and
OPS2 completed a circuit for capacitor QOPS across lines
W1 and W2, thus maintaining the capacitor in a fully
charged state. Resistor ROPS is simply a current limit-
ing device to control the charging current of the capacitor.
Upon contacts OPS1 and OPS2 separating and contacts
OPS3 and OPS4 engaging, the fully charged capacitor is
disconnected from lines W1, W2 and connected between
ground and terminal XI (FIG. 29) to discharge through
the electronic circuits and thereby simnlate a counter out-
put pulse to advance the tape over the read head to
bring the next character signal to decoding position. The
pulsing circuit for advancing the tape will be considered
hereafter.

Contacts FD2 separate to interrupt the circuit for for-
ward clutch FC, thus disconnecting the projection lens
carriage from its motor driven source. At the same fime
contacts FD4 and FD§ separate to interrupt the circuit
for energizing the brake circuit for a dragging brake, and
contacts FD3 and FD5 engage to complete a circuit from
line W1, through contacts FD3, brake coil BR, contacts
FDS5, BCCL, ST1 and switch S22 to line W2. This latter
circuit energizes the brake coil so that full brake force is
exerted. Contacts FD8 complete a circuit for energiza-
tion of font change control solenoid L1§ to remove the
detent holding the font plate in position (see dotted lines
in FIG. 4) and permit the font plate to rotate freely under
the influence of the font drive motor. Contacts FD1
complete a circuit for the energization of the shaded pole
font drive motor and consequently the font plate rotates
to bring the selected font into position whereby the char-
acters thereon can be photographed. When the font
reaches its desired position, switch S2¢ operates to com-
plete a circuit for font change completed relay coil FCC
from line W1, through switch S28, contacts 4F1, coil FCC
and contacts FD7 to line W2. The resulting separation
of contacts FCC1 interrupts the circuit for coils 4F, FD
and OPS which in turn interrupt the circuits for the font
drive motor, the font change control solenoid L16 and the
font change completed relay FCC. The font change cir-
cuits are in their normal condition and the photographing
of the line can continue until it is again desired to change
the font, at which time a new tape signal will be advanced
to reading position on the read head and the newly se-
lected font will be rotated to photographing position
through energization of circuits similar to those above,
the only change being in the particular circuit through the
relay tree and the font relay coil.

Width Information Circuits
In the preceding section, the electrical mechanism for
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reading the coded tape, actuating the shutters to expose a
foni character, operate the projection lens carriage and
perform other sundry machine functions, was considered
in detail. Tt further was pointed out that the extent of
movement of ‘the projection lens carriage was measured
by the number of times the light beam between the photo-
cell tube and its light source was interrupted, as by the
passage of the grid plate carried by the carriage. The
present section will present the circuits which interrelate
the shutter and tape advance sequence operations and the
flashing of the light source to photograph an exposed
character. .

Before proceeding fo the detail description of the cir-
cuits, atiention-will be directed to that portion of FIG. 26
marked “to counter” and to which reference is now made.
Perusal of these circuits will manifest the following three
parallel ‘circuits:

{a) A circuit from B-}- through any combination of
character width switches S11, S12, S13 and 814 to the
counter.

(b) A circuit from B4 through the serially connected
contacts §3SH2, 7SSH2, 65SH2, 55SH2, 45SH2, 38SH2,
238H?2 and 1SSH2 to contacts QUH3 and the contacts
and brushes of the quotient stepping switch QSS (de-
pending on the position of the stepping switch as above
described) to the counter.

(¢) A circuit from B+ through the serially connected
contacts 855HZ, 7S8H2, 6SSH2, 5S8H2, 4SS5H2, 3SSHZ,
285H2 and ISSH2 to contacts QUHI and QUH2 to the
counter.

(d) A circuit from B-- through any combination of
unit space switches S15 and 816 to the counter.

Each of the leads to the counter is assigned a binary
value as shown and, consequently, when a circuit is com-
pleted to the counter through one of the above enumer-
ated circuits, the circuit represents a certain numerical
value. The significance of this value will now be ex-
plained.

When composing a line of type photographically, in
zecordance with the present invention, every character
reproduced and every interword space in the ling has a
numerical value associated therewith which is equivalent
to the width of the character or to the widih of the inter-
word space. Each character is of a particular width,
which is constant, and the character width can therefore
be coded and the width information placed on the coded
tape together with the character information. = Circuit
(a), above described, is the means whereby the charac-
ter width information is transmitted to the counter cir-
cuits. " As is apparent, this information may represent
any value from one to sixteen, even though in general the
narrowest character, e.g. “7,” will have a width value of
three, and the widest character, e.g. “W,” will have a
width value of twelve,

Circuit (¢) may also be used independently of a char-
acter identification signal to provide a thin space, an en
space or an em space by perforating the tape to complete
circuits to the counter having values of three unit spaces,
six unit spaces and twelve unit spaces respectively, This
is particularly useful when it is desired to indent the com-
posed text matter as in the first line of 2 paragraph.

The interword space width, rather than being a con-
stant value as are the character widths, is a varying quan-
tity, the value of which is determined to produce a justi-
fied line. Even so, as heretofore noted, the interword
space may even vary within one line. Circuit (b) is the
means whereby the interword space width information is
transmitted to the-counter circuits. Included in the cir-
cuit are contacts and brushes of quotient stepping swiich
QSS. It is the position of these brushes on the contacts
which determines the width value information transmitted
to the counter. It was above described how the justifi-
cation information on the coded tape actuated the quo-
tient stepping switch to cause it to assume a position
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which results in a justified line. The interword space
width may be of any value from three to twelve.

In the composition of a line, the two circuits above
referred to would crdinarily be sufficient to provide in-
formation to the counter insofar as the information trans-
mitted by such circuits includes character width infor-
mation and interword space information, which informa-
tion is sufficient to complete a line. However, when a
line is quadded, the interword space is not increased as
in justifying, but is meintained at a normal or standard
value. Circuit (¢) provides for the interword space in-
formation in a quadded line to be directed to the counter.
Tt will be noted that circuit (¢) is traced through the cir-
cuit of serially connected contacts, which immediately
indicates that a space is being provided for. The previ-
ous discussions with reference to the relay circuits dis-
closed that when a line is to be quadded, quad-ieft hold-
ing relay QUH is energized, engaging contocts QUH1
and QUH2 and separating contacts QUH3. Separation
of contacts QU3 interrupts the circuit through quo-
tient stepping switch QSS contacts and brushes, and en-
gagement of contacts QUH1 and QUH2 completes a cir-
cuit to transmit the value three to the counter for an
interword space in a quadded line, three being the width
value of a normal or standard interword space.

In typographical work it often is desired to letterspace
characters either for typographical layout reasons or to
justify a line in which there are not sufficient interword
spaces to permit justification through normal means and
therefore circuit (d) above is resorted to to provide let-
terspacing. In this connection provision is made for
either one or two unit spaces to be inserted between char-
acters. The means for accomplishing letterspacing are
internal to the counter and consequently a detail descrip-
tion thereof will not be given. However, it can be con-
sidered generally. If it is desired to letterspace two char-
acters, it is obvious that the first character must be pro-
duced, or in the present photocomposing machine, photo-
graphed, and the second character photographed in spaced
relation thereto. The two characters are represented
herein by two successive signals on the tape and the
amount of spacing between the characters is represented
by a “signal” opposite the second character signal. In
providing the mechanism to decode the tape signals in the
read head, the unit space decoding switches S15 and S16
are positioned such that they are operated when the first
character signal is being decoded. (See FIG. 20.) The
unit space information is introduced to the counter and
utilized in a manner illusirated by the following example.
Assume the first character already photographed and the
second character to have a set width of seven units. Fur-
ther assume that the letterspacing is to be twec units.
With this information in the counter, the counter output
pulse and consequently the flashing of the source of light
for the second character does mot occur until after the
carriage has traversed nine unit spaces after photograph-
ing of the first character.

Time Sequence Circuits

The preferred arrangement for carrying out the pres-
ent invention includes mechanism, heretofore described,
for exposing a single character at a time to be photo-
graphed, mechanism including a continuously moving
carriage for causing the consecutively exposed character
images to be disposed adjacent one another on the film,
and a source of light for illuminating the characters to
image them on film and so photograph them. The car-
riage is provided with a grid plate which causes a beam
of light in a photocell unit to be intermittently interrupted
as the carriage moves continucusly past the photocell
unit., Each time the carriage moves a unit distance, the
light beam is interrupted and the photocell unit nreduces
an output voltage pulse. It has been stated above that
each character to be photographed has a characteristic
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width asscciated therewith and each interword space has
a particular width associated therewith. Each of these
widths is in terms of a unit distance, e.g. the value three
for the character “i” means-that this character is three
unit distances wide. Thus, assuming that the character
“” is to be the first one photographed, the shutters are
actuated to expose the letter, the carriage is caused to
move and when it has traversed three unit distances, the
source of light is flashed and the character is photo-
graphed. The carriage moves at a continuous speed, and,
assuming the next character to have a characteristic width
of seven, the character will be exposed by the shutters
and when the carriage traverses seven unit distances after
the letter “i” was photographed, the source of light is
again flashed to photograph the second character. The
process is continued until the complete line is photo-
graphed. Itis to be kept in mind that the carriage moves
at a continucus speed, without interruption, from its
start-of-line position to its end-of-line jposition.

The mechanism whereby the above described desired
results are accomplished by the preferred embodiment
of the invention will now be disclosed. An electronic
counter (FIG. 27) is utilized to compare the width in-
formation which is transmitted thereto as above set forth
with the travel of the carriage and when the value of the
width information corresponds with the number of unit
distances traversed by the carriage, the counter produces
an output voltage pulse which triggers the flashing of the
light source to photograph an already exposed character.
The voltage pulse also initiates stepping of the read head
stepping switch to bring the next coded tape signal into
reading position on the head and to deenergize the shut-
ters and prepare them for exposing the character next to
be photographed.

FiGS. 28 and 292, to which reference is now made,
disclose the electronic control circuits to which the coun-
ter output voltage pulse is fed. Portions of the circuits
are well known in the electronic art and they are con-
sequently shown but will not be referred to in the de-
scription. This is particularly so with regard to filament
heater circuits; transformers and rectifier tubes.

In the electronic circuits to be described, the various
resistors, capacitors and inductors have the following
values which have been found satisfactory.

Resistors:

RY e megohms.- - 1
R o ohms... 100
R do—— 100
R do._-.- 5,000
RS do___. 150,000
R6 megohms.... 1
R7 chms__ 47
RS do..... 47
RO . do____ 68,000
RIO megohms..... 1
R do._... 1
RE2 do____ 1
RI3 ohms__. 270,000
Ri4 do_——- 33,000
RIS do____ 62,000
Ri6 o _ do-—-- 22,000
R do-... 220,000
{ 106,000
5.5

RS ohms.. 62,000
RAL do—._. 22,000
R do___.. 220,000
R23 do..._. 10,000
R24 megohms.... 55
R3S doo...... 1
R26 ohms... 62,000
R27 do_._.. 22,000
R28 do___. 220,000
R2Y do._-. 10,000
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Resistors—Contintied ’
R3O e megohms.... 5.5
R e do_ .~ 1
R32 e e e doeen. 1
R3S ohms.. 50,000
R34 megohms._ .. 6.2
R3S chms__. 12,000
R36 e do__._. 39,000
R37 do____ 470,000
Capacitors:
CQY mfd.. 14
CQ2 mid__ 8
CO3 mifd__ .02
CQ4 e mfd.._ 1
CQ5 S mfd__ .01
CQb e mid_.. {1
CQT e mfd__ .01
CO8 e mfd.__ .005
CQY e mmfd_. 50
CQY mfd_.. .01
CQI mfd__ .02
CQ12 L mmfd__ 50
CO1S mfd__. .01
CQu4 mfd_. .01
CQLS mid._ .02
CO16 mmfd._ 50
CQYT mfd_. .01
CQI8 mfd._ 2
COQID mfd.. .5
CQ20 o mfd... .01
CQ21 mid. . 8
Inductors:
L henvys._ 16
L i do__._ 20
Electron tubes:
RE Two type 5557
HRE Type 816
O Type 816
o Type 504
VC Type 6AST
GB Type 6AUG
BD 6H6
T e Type 12AU7
TSHD Type 12AU7
TSHE i Type 12AU7
TREBA Type 12AU7
BDY Type 6H6
TLST o Type 2050
VRI-VRY . Type 0A2
VRS Type 5651

The circuits dre all supplied from an alternating cur-

rent source which leads, by lines L1 and L2, directly
to knife switch KS. Fuses FS are provided to protect
against overloads which wmight otherwise damage the
equipment. A mechanically actnated safety switch SS
is also provided to disconnect the circuits from the power
source in the event that the door of the cabinet in which
the electronic equipment is mounted is opened. In this
manner, all the high voltages which would otherwise be
present on varicus components are removed., A toggle-
type by-pass switch BP is, however, provided in order
to permit servicing of the machine. The circuit then
extends to a time delay circuit unit, the purpose of which
is to prevent power being applied to the plate circuit
of the mercury vapor tubes which form the fall wave
power rectifier RF until the mercury therein vaporizes.
The time delay unit comprises a coil TDC connected
across lines 1.1 and L2 and which is consequently en-
ergized when knife switch XS is closed. Approximately
one minute after energization of the coil, contacts TDCI

engage to connect the rectifier transformer TRF to lines.
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L1 and L2. Also connected to lines Li and L2, but
immediately preceding the contacts TDCI, is filament
transformer TF by which the filaments F of the rectifier
tubes are heated to vaporize the mercury. Engagement
of contacts TDCY, in addition to energizing transformer
TRF, also energizes capacitor discharge relay coil- CD
to separate contacts CD1 and energizes voltage relay
coil V to engage contacts VI. Engagement of the latter
contacts connects circuits, hereafter to be considered, to
the power supply. A pilot lamp PL is provided to visually
indicate that the alternating current source is connected
to rectifier transformer TRF.

The output circuit of rectifier RF includes capacitor
QLS and the light source lamp electrodes LSP and LSK.
As will later be seen, when the light source lamp is
triggered, the rectifier will have been disconnected there-
from and the illumination energy. will be solely that
supplied from capacitor QLS. The rectifier, therefore,
will immediately begin to ‘charge capacitor QLS when
contacts TDCI engage. In order to control the light
energy emitted by the light source lamp and thus con-
trol the exposure of the character being photographed,
it is desirable to charge the capacitor to a fixed voltage
under all circumstances and thereby insure that the en-
ergy stored in the capacitor be a fizxed valve. The recti-
fier output voltage exceeds the -desired capacitor voltage,
e.g. 1,000 volts, by many hundreds of volts but a regulator
is provided to bias the rectifier to cut off when the ca-
paciior voltage reaches 1,000 volts.

Connected to one terminal of transformer TRF sec-
ondary is half wave rectifier HRF which supplies a half
wave voltage of approximately 2,000 volts to filter FIL.
The filter output leads to the serially connected voltage
regulator tubes VR1, VR2, VR3, VR4, VRS, VR6 and
VR7. Each of the tubes is rated at 150 volts and conse-
quently the group of them provides a regulated voltage
of 1,050 volts at terminal VRT. To this terminal is
connected the cathode of cut-off tube CT which is there-
fore maintained at a potential of 1,050 volts. ¥t is obvious
that the plate of tube CT is connected through resistor
R1 to capacitor QLS and the plate will have a potential
applied thereto equal to the voltage across the capacitor.
When this voltage (plate voltage) exceeds 1,050 volts,
tube CT begins to conduct current and there is a resulting
voltage drop across resistor RL. The voltage drop te-
duces the grid potential of the rectifier RF tubes below
that. of the cathode potential and the rectifier is biased
to cut-off. The capacitor QLS is charged to full voltage
and it is connected across the plate-cathode circuit of.
the light source lamp. When the Hght source lamp is
triggered, the lamp becomes conducting and the capacitor
will dissipate its charge in the lamp to provide the illumi-
nation reguirements for photographing of a character:
It was noted before that the light requirements differ

“when two different point sizes are produced on film. - To

provide for the wvarious point sizes which it is contem-
plated to produce on this machine, capacitor QLS is
made a variable and its value of capacitance at any one
time will be dependent on the point size image being
filmed.

FIG. 29, which details the trigger circuit for lamp LS,
includes a direct current power supply comprising a
rectifier transformer TPS and a full wave rectifier tube
PS. The output of tube PS is fed to an lL-type filter
which reduces the ripple of the output voltage. To regu-
late the voltage and maintain it approximately: constant
under various load conditions, there is provided voltage
control tube VC and its associated circuit including grid

-bias tube GB.  The plate-cathode circuit of tube VC

is-serially connected in the positive power line. It is
obvious that the flow of current through tube VC can -
be regulated by exercising. control over the grids VCG
of tube VC. The regulatory action of the tibe can be

‘urderstood as follows: As the B voltage decreases from
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its desired value, the voltage drop across resistor R3
decreases to decrease the potential of grid GBG. The
cathode potential is maintained at a constant value by
voltage regulator tube VRS and consequently by de-
creasing the grid potential, the plate current is decreased.
Decrease of the plate current results in a decrease of the
voltage drop across resistor R§, thus bringing the potential
of grids VCG nearer to the cathode potential of tube
VC. Ifitis assumed that the original grid bias was nega-
tive, reduction of the bias voltage results in an increase
of current in the plate-cathode circuit to restore the B--
voltage to its desired value. On the other hand, if the
B voltage increases beyond its desired value, the regu-
latory action of tube VC reduces the voltage to the normal
value. Perusal of the circuits and the foregoing descrip-
tion makes it clear that, under these circumstances, the
plate current of tube GB increases to increase the voitage
drop across resistor R6 and thereby increase the nega-
tive bias of tube VC, thus reducing the plate-cathode
current of tube VC and providing the desired B+ voltage
at the output terminal. The regulated power supply pro-
vides a constant voltage source for the flip flop circuits
now to be considered.

Before proceeding with the description of the particu-
lar application of the quasi-stable flip flop, these circuits
will be described generally. For convenience, shutter de-
energization relay coil tube SHDT circuit will be referred
to when reference characters are mentioned. ¥n addi-
tion, certain voltage values will be referred to, but these
are intended as illustrations and may mnot conform to volt-
age values encountered in actuality. When the power
supply is connected to the circuit, the circuit including
plate P1 and cathode K1 immediately becomes conduct-
ing. 'The IR drop in resistor R18 is 60 volts and the cath-
ode is thus maintained at a potential, with respect to
ground, of 60 volts. Grid G1 also draws a current and
the IR drop in resistor R19 is 240 volts. Assuming a
B voltage of 300 volis, the grid is therefore at a poten-
tial of 60 volts, with respect to ground, or at the same
potential as the cathode. The tube drop P1—KZ is ap-
proximately 40 volts and plate P1 is therefore at 100 volts,
i.ei cathode potential of 60 volts plus tube drop of 40
volis.

The circuit through plate P2 and cathode K2 is not
conducting current, but the tube elements do have cer-
tain potentials by virtue of the interconnections with the
conducting elements of the tube. Thus cathode K2 is
maintained at a potential of 60 volts. Plate P2 is at B
potential or 300 volts. Grid G2 isin a voltage divider
circuit between plate P1 and ground and its potential is
30 volts with respect to ground or —30 volts with Tespect
to the cathode. This negative bias is sufficient to keep
this half of the tube from firing which is the assumption
made above, ie. that the circuit through plate P2 and
cathode X2 is not conducting.

Referring now to capacitor CQ8, it is observed that
the plate connected to plate P2 is at a potential of 300
volts and the plate connected to grid G1 is at a potential
of 60 volts and the potential difference between the two
capacitor plates is 240 volts. If now the plate potential
of plate P2 is reduced to 150 volts, as by the introduction
of a r}egative pulse directly to the plate, the plate of the
capacitor connected thereto immediately acquires a volt-
age of 150 volts. The charge stored in the capacitor is
such as to maintain a potential of 240 volts between ca-
pacitor plates and consequently the terminal of capacitor
CQ8 connected to grid G1 has an instantaneous potential
value of 90 volts.  This grid bias is sufficient to cut off
the current flowing between plate P1 and cathode Ki.
Therefore plate P14 acquires a potential of 300 volts i.e.
B potential. Hence the potential of grid G2 is in-
creased in value by virtue of it being connected in the
voltage divider circuit between plate P1 and ground. The
increase in grid G2 potential is sufficient to cause con-
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duction to take place between plate P2 and cathode K2.
While what is being described is occurring, the negative
pulse applied to plate P2 is removed, thus restoring full
voltage of 300 volts to plate P2 and facilitating initiation
of conduction between plate P2 and cathode K2. When
conduction takes place, plate P2 drops to a potential of
1150 volts, so that there is a potential drop of 150 volts
across shutter deenergizing relay coil SHD, sufficient to
operate the relay.. When conduction takes place, capac-
itor CQ8 begins to discharge through a circuit from one
terminal thereof, through rectifier RF1, resistor R19 and
grid G1 back to the rectifier. As the discharge takes
place, the voltage on grid G1 gradually increases from its
original cut-off value of 90 volts. When the voltage on
the grid G1 increases to a point where the grid potential
approximately equals the cathode potential of cathode K1,
conduction again takes place between plate P1 and cath-
ode K1 and the conduction between plate P2 and cathode
K2 is extinguished. The tube TSHD is now in its stable
state and remains so operating until it is again triggered.
When the tube was conducting current between plate P2
and cathode K2, and not between plate P1 and K1, the
tube is said to be in its quasi-stable state. The time in
which a tube is conducting in its quasi-stable state is de-
pendent on the value of capacitor CQ8. The reason for
this is obvious in that the greater the capacity, the greater
the time constant of the discharge circuit and the longer
it takes grid G1 to return to a voltage value approximate-
ly equal to the cathode voltage. When this condition oc-
curs, the tube reverts from its quasi-stable to its stable
state. © After the positive pulse from the counter is re-
moved, capaciter CQS5 discharges through tube BD.
The operation of the flip flop circuits will now be con-
sidered in their applications.to the present photocompos-
ing machine. When the main line switch KS is initially
closed, only the right-hand portion of each of the tubes
TSHD, TSHE and TRA will be condacting, and conse-
quently shutter deenergizing relay coil SHD will be de-
energized, as will shutter energizing relay coil SHE and
read head advance relay coil RA. The tubes will remain
in this state until an output pulse is received from the
counter. It will now be assumed that a square wave pulse
is produced by the counter to energize a counter output
relay coil and thereby engage contacts COL. Contacts
CO1 connect the electronic circuits input terminal to B4-
and thereby pulse the flip flop circuits. At the same time
the electronic circuits are pulsed, machine function re-
lay coil MF is energized to engage contacts MFL. - Thus
each time a pulse is instituted to photograph an exposed
character, a circuit is completed through contacts MF1
to determine whether or not the next signal, which is al-
ready in decoding position on the read head, is for a char-
acter to be photographed or a machine function to be per-
formed. In the latter instance circuit sequences are initi-
ated to perform the functions as heretofore described.
Prior to the introduction of the square wave pulse into
the flip flop circuits, trigger tube TT was non-conducting
insofar as its grids were negative with respect to its cath-
odes. Plate P3 of trigger tube TT is connected to plate
P2 of tube TSHD and consequently to B--, thus it has
a potential of 300 volts. Plate P4 also has a potential of
300 volis insofar as it is connected to plate P5 of tubs
TSHE. However, when the square wave input pulse is
fed to the terminal, capacitor CQS in charging passes the
inrush current to raise the grid potential of trigger tube
TT and fire both sections of the tube. Immediately the
plate potential of plates P3 and P4 decrease from 300
volts to 150 volts and the effect is to introduce a negative
pulse to each of the plates P2 and P5. As was described
above, this will cause each of the tubes TSED and TSHE
to transfer from its stable state to its quasi-stable state
and energize coils SHD and SHE respectively. - Energiza-
tion of these coils results in the performance of functions
described when the relay circuits were considered. Ca-
pacitor CQ11 has a greater capacity value than capacitor
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CQ8 and therefore coil SHD will be deenergized and tube
TSHD revert to its stable state prior to coil SHE being
decnergized and tube TSHE reverting to its stable state.

When tube TSHE was in its stable state, plate P& was
at a potential of 100 volis, and the terminal of capacitor
CQL3 connected thereto was also at a potential of 100
voits. The other terminal of capacitor CQ13, being con-
nected to B-- through resistor B35, is at a potential of
300 volts, and the potential across the capacitor terminals
is-200 volts. When the tube TSHE is triggered as above
described so that conduction between plate P6 and cath-
ode K6 is extinguished, the plate potential jumps from
100 volis to 300 volts. As it does so, the potential of
the plate of capacitor CQ13 connected thereto jumps to
300 volts. The other plate of the capacitor increases in
potential to 500 volts since the potential between terminals
remains at 200 volts. The blocking dicde BD1I prevenis
this puise from {(riggering tube TRA. Howvever, the
positive pulse resulting from plate P6 changing its poten-
tial from 100 to 300 volts pulses the light source trigger
tube TLST to cause the light source to flash. In flash-
ing, capacitor QLS discharges through the light source
lamp to photograph an exposed character.

The positive pulse which triggers the light source in-
creases the grid voltage of tube TLST io decreass the
negative grid bias and permit the tube to fire. In firing
the plate voltage decreases from its B4 value to some
lower value, thus negatively pulsing the primary of trans-
former TRAN. A negative pulse in the primary wind-
ing results in a high voltage positive pulse in the second-
ary, of a value sufficient to trigger the light source lamp.
It is thus clear that when the output pulse from the
counter was introduced into. the flip flop circuits, relays
SHD and SHE were energized and the light source lamp
was flashed.

When tube TSHE reverted to its stable state and plate
P§ veltage decreased from 300 volts to 100 volts, capacitor
CQ13 reverted to its lower voltage values ie. 100 volts
on the terminal connected to plate Pé and 300 volts on
the other terminal, a negative voltage pulse was intro-
duced to the plate of read head advance relay coil tube
TRA to trigger the tube to operate in its quasi-stable
state.- Operation of the tube in the quasi-stable state en-
ergizes coil RA to advance the coded tape to bring the
next coded signal fo reading position on the read head.
At the expiration of a time delay depending on the time
constant of the circuit comprising capacitor CQ15 recti-
fier RF3 and resistor R30, tube TRA reverts to stable
operation.

Each of the tubes TSHD, TSHE and TRA is operating
in the stable state and the machine awaits the next output
pulse from the counter at which time the foregoing de-
scribed operations are repeated.

OPERATION

In operation, a coded tape representing the intelligence
to be phetocomposed is introduced into the machine. The
tape is provided with a plurality of distinct signals, each
of which represents either a character to be photographi-
cally recorded or a machine function which is to be per-
formed. A machine function signal will, depending on
the desired function, either pérform it automatically or
stop the machine to permit adjustment of some machine
componeiit.

After being set in the machine, the tape is advanced on
the scan head by manually closing a toggle type start scan
stepper switch, until an end-of-line signal appears in the
scan head decoding position, at which time further tape
advance is halted.: A leading section of the tape is thus
placed between the scan head and the read head and it is
then advanced over the read head by repeated pressings on
a push button type read head stepper switch until an end-
of-line signal appears in decoding position, at which time
further advance is prevented even though actuation of the
push button read head stepper switch is continued. With
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an end-of-line signal in decoding position on each head,
the scan head stepping switch operates to advance the
tape until the next end-of-line signal (which follows a
number of character signals) is in decoding position there-
on, at which time the advance of the tape is again halted.
Immediately after the tape began movement over the scan
head, the read head stepping swiich was actuated to ad-
vance the tape until an end-of-line signal was in-decoding
position on the read head. At this time, the signals rep-
resenting the first line of intelligence to be photographed
are on that portion of the tape positioned between the
two heads, and immediately following the end-of-line
signal on the scan head, there is a justification signal.

Now with an end-cf-line signal in each decoding posi-
tion, the scan head is stepped one position to bring into
decoding position the justification signal for the first line
of intelligence to be photocomposed. When this has been
accomplished and the justification information ‘decoded
and stored in the quotient stepping switch and the quotient
remainder stepping switch, the scan head stepping switch
is again actuated to bring the next end-of-line signal into
the scan head decoding position. The read head stepping
switch is actuated to bring the first signal into decoding
position. Further sutomatic advancement of the tape
over the scan head and the read head is temporarily inter-
rupted. The projection lens carriage is moved o its start-
of-line position and .a starting button is then pressed to
start the carriage moving continuously at a constant speed
which is'not interrupted until the carriags reaches its end-
of-line position.

As the carriage carmries the grid plate past the photo-
cell unit light beam, the passage of each opaque line pro-
duces an electric pulse which-is introduced to the elec-
tronic ccunter. The first pulse produced by the photo-
cell unit resulis in a counter output pulse which operates
the machine function relay MF to connect & circnit which
determines whether the first signal represents a character
to be photocomposed or a machine function. It will be
assumed that the signal is a character signal, as will all
the signals in the first line of intelligence. This very
same counter output pulse also flashes the light source
lamp but since the shutters are not in actuated positions at
this time, the flashing of the lamp does not affect the fim.
However, the counter pulse does initiate a series of events
which do actuate the shuiters to expose the first charac-
ter to be photographed. The signal which determines the
shutters to be actuated also includes information as to
the width of the character, which for purposes of explana-
tion will be assumed to be five unit distances. The width
information is introduced to the counter which compares
the information with the number of pulses coming from
the photocell unit. - When the number of photocell pulses,
excluding the very first one, equals the number represent-
ing the character width, the counter produces an output
pulse which flashes the lamp to photograph the exposed
character and which initiates preparing the shutters to
expose succeeding characters to be photographed. Each
time a character is exposed, but before it is photographed,
the tape is advanced to bring the next signal to decoding
position on the read head. When the characters is photo-
graphed as by the production of a counter output pulss,
the machine function relay MF is energized to engage con-
tacts MFL and thereby dstermine whether the next signal,
which already had been advanced to deceding position,
is for a machine function or for a character. The ma-
chine function relay, therefore, is energized every time
a counter pulse is produced or in other words prior to
the signals being decoded in the read head. . The sequen-
tial operation is conirolled by the electronic circuits de-
scribed under the heading “Time Sequence Electronic
Circuits.” It may further be understood by reference to
FIG. 31. The operations deseribed are repated until all
characters which go to make up the first line are photo-
graphed, after which an end-of-line signal appears in the
decoding position on the reéad head and the intermittent
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stepping of the tape momentarily halts. The end-of-line
signal causes the lens carriage motion to reverse and while
the carriage is being returned to its start-of-line position,
the justification information for the next line to be photo-
graphed is stored and the scan head stepping switch ac-
tuated to bring the next end-of-line signal into position
on the scan head. In addition, the film solenoid is ener-
gized to advance the film in the film holder to prepare
for photographing of the next line. The read head is
also stepped to bring the signal representing the first char-
acter into decoding position. When the carriage arrives
at its start-of-line position, its motion is reversed and it
immediately starts forward again at a constant speed. The
first pulse from the photocell unit initiates the operations
as above described and photographing of the line con-
tinues. The operations described are repeated automati-
cally and without interruption for all lines.

It sometimes happens that a mistake occurs during the
coding of the tape and provision has to be made for pass-
ing the tape over the read head without photographing
the error. When this is to be done, the portion of the
tape in which the error occurs is passed over the read
head without the signals representing the entire line con-
taining the error causing the photographing of any charac-
ters. . To accomplish this end, a line-erase signal is punch-
ed on the tape when the error is detected. Thus when the
line-erase signal arrives in decoding position on the scan
head, the signals representing the line to be “erased” are
in position between the scan head and the read head.
When the preceding line has been photocomposed, the
line-erase signal prevents the carriage, after it has arrived
at its start-of-line position, from being moved in its for-
ward or composing direction of travel. The tape can
thereupon be stepped over the read head without the
filming of any character from the erased line. This is
because actuation of the shutters and flashing of the light
source are controlled by the electronic counter output
pulses which in turn result from the passage of the carriage
grid plate past the photocell unit. After the signals rep-
resenting the erased line have passed over the read head,
the carriage is again driven in a forward direction and
the normal photocomposing of succeeding lines is again
commenced. The interruption in the operation due to a
line-erase function is momentary and consumes only the
time during which the tape is rapidly stepped over the
read head. :

Another machine function is that termed “stop ma-
chine.” It generally cccurs when it is desired to change
the point size of the filmed character images. Again
the machine function is represented by a coded signal
on the tape. The signal serves as an end-of-line signal
on the scan head and when it reaches the read head
decoding position it serves its particular function. When
in this position on the read head, the line to be photo-
composed in a different point size is represented by the
signals between the two heads. The signal, when decoded
by the read head, serves simply to stop forward motion
of the carriage when it arrives at its start-of-line position.
While the carriage is thus stopped, the machine attend-
ant may make any desired lens adjustment 10 provide a
different point size character image on film. After the
adjustments have been accomplished, the attendant mo-
mentarily depresses the restart button after which the
carringe moves forward and photocomposing of the
line takes place. If a number of lines of the different
point size reproduction are to be photccomposed, the ma-
chine automatically photocomposes one line after an-
other. It is only when succeeding lines are to be of dif-
ferent point size that a stop machine signal is inserted
on the tape between the signals representing the two point
sizes.

Still another machine function is provided for circum-
stances under which it is desired to change fonts to pro-
vide a different type face style, e.g. italics. When a sig-
nal representing font change is brought to decoding posi-

[

10

15

20

30

35

40

50

60

65

70

75

40

tion on the read head, the forward driving mechanism for
the carriage is disconnected, that is, the forward electric
drive clutch is deenergized and the brake is applied to
insure the rapid arrest of carriage motion. The signal
also includes information as to the font selected for pho-
tographing and while the carriage motion is being halted,
the font plate is being automatically actuated to bring
the . desired font into position along the optical axis.
When the selected font is in position, the carriage is again
started forward and photocomposing continues as before.
Here again, the machine operation continues automatically
without interruption until it is desired to again institute a
change in type face style or point size.

It is not intended to set forth all the variations that may
be made, but it is contemplated that many of the features
of the invention disclosed may be carried out in other ways
and may be used in connection with apparatus and cir-
cuits different frem those specifically described, and
that many widely different embodiments of the inven-
tion can be made without departure from the spirit and
scope of the invention. Thus the movement of the lens
carriage may take place intermittently and at high speed
rather than continuously, or the film may be transported
to photograph the characters adjacent one another. In
fact, both the film and the carriage may move with refer-
ence to each other for line composition. In addition,
means other than the grid plate and photocell unit may
be employed to measure the relative motion between the
film and optical system, e.g. a precision gear train. It
is therefore intended that all matter contained in the
above description or shown in the accompanying draw-
ings shall be interpreted as illustrative and not in a limit-
ing sense.

What is claimed is:

1. A phototypographical machine comprising, in com-
bination, intermittently operated means for feeding there-
through step by step a pre-coded tape having thereon a
succession of code signals representative of a justified
composed line, means for decoding the signals in the tape
as it is fed through the machine, a stationary font plate
presenting an array of type characters arranged in dif-
ferent positions thereon and varying in set widths on a
unjt basis, means for photographing different selected
characters, one after another, for composition in line, a
light sensitive film on which the characters are recorded
in the order in which they are photographed, means for
producing a continuous relative movement between the
light sensitive film and the photographic means for line
composition, a unit measuring device for measuring each
unit distance of travel of the line composing movement
and controlled in its operation by such movement, inter-
mittently operated means responsive to decoded char-
acter identification signals in the coded tape to control
the selection of the type characteérs to be photographed,
means responsive to decoded character width signals in
the coded tape as well as to said unit measuring device
during the continuous line composing movement for vary-
ing the time of photographic action for the successive
characters being composed in accordance with unit varia-
tions in set widths of said characters, and means respon-
sive to decoded word space signals in the coded tape and
to decoded justification sigrals in the coded tape as well
as to said unit measuring device during the continuous
line composing movement for varying the extent of the
line composing movement for the successive word spaces
in the line in accordance with unit variations in justified
set widths of said spaces.

2. A phototypographical machine according to claim i1,
wherein the intermitiently operated character selecting
means include a shutter for exposing to light the differ-
ent selected characters, and wherein the photographic
means include a stationary first imaging lens system com-
mon to all the characters of the array in photographic
position for imaging the exposed characters at a pre-
determined common position regardless of their position
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on the font plate, and a movable second imaging lens
system for projecting the images one after another as
they are produced by the stationary first imaging lens
system onto the light sensitive film.

3. A phototypographical machine according to claim
2, wherein the photographic means include a light flash
source common to all of the exposed chanmacters, and
wherein the shutter is operated in advance of the light
flash.

4. A phototypographical machine according to claim
1, wherein the light sensitive film is stationary, and where-
in the second imaging lens system is movable continuously
with reference to the stationary film for line composition.

5. A phototypographical machine according to claim
4, wherein said continuously movable second imaging lens
system is arranged at an angle to the main optical axis and
is movable forward and backward along said axis.in trav-
ersing the film for line composition.

6. A phototypographical machine according to claim
4, wherein the second imaging lens system is mounted on
a reciprocatory carriage which produces the continucus
line composing movement, and including automatic
means for returning the carriage to its starting position
after the composition of each line.

7. A phototypographical machine according to claim 6,
including automatic means for reinaugurating the con-
tinuous line composing movement of the second imaging
lens carriage after its return to starting position.

8. A phototypographical machine according to claim
6, wherein the means for effecting the continuous line
composing movement of the second imaging lens carriage
and the means fer effecting the return movement of the
carriage include a common continuously driven electric
motor, separate driving connections between said motor
and the carriage, and separate electrically actuated
clutches to make and break said driving connections.

9. .A phototypographical machine according to claim
6, wherein the unit measuring device is actuated by the
continuous line composing movement of the second imag-
ing lens carriage.

10, A phototypographxcal machine accordmg to claim
9, wherein the unit measuring device comprises a photo-
electric cell, a light source therefor, and an intermediate
grid mounted on and movable with the second imaging
lens carriage,
formed with a series of opaque markings spaced apart at a
one-unit distance to interrupt the light beam and activate
the photo-electric cell.

11. A phototypographical machine comprising, in com-
bination, means for feeding therethrough a pre-coded tape
having thereon a succession of code signals representative
of a justified composed line, means for decoding the sig-
nals in the tape as it is fed through the machine, a sta-
tionary font plate presenting an array of type characters
arranged in different positions thereon and warying in set
widths on a unit basis, said stationary font plate carrying
a plurality of different arrays of type characters and ro-
tatably mounted for adjustment to bring any selected
alray into the stationary photographic position, means for
photographing different selected characters, one after an-
other, for composition in line, a light sensitive film on
svhich the characters are recorded in the order in which
they are photographed, means for producing a continuous
relative movement between the light sensitive film and the
photographic means for line composition, a unit measur-
ing device for the line composing movement, means re-
sponsive to decoded character identification signals in the
coded tape to control the selection of the type characters
to be photographed, means responsive to decoded charac-
ter width signals in the coded tape as well as to said unit
measuring device during the continuous line compesing
movement for varying the time of photographic action for
the successive characters being composed in accordance
with unit variations in set widths of said characters, and
means responsive to decoded word space signals in the
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coded tape and fo decoded justification signals in the coded
tape as well as to said unit measuring device during the
continuous line composing movement for varying the ex-
tent of the line composing movement for the successive
word spaces in the line in accordance with unit variations
in justified set widths of said: spaces.

12. A phototypographical machine according to claim
11, including means responsive to. a decoded font change
cignal in the coded tape for rotatably adjusting the font
plate in changing from one to another array of type
characters.

13. A phototypographical machine according to claim
12, wherein the decoded font change signal temporarily
suppresses the photographic action and temporarily ar-
rests the continuous line composing movement.

14. A phototypographical machine according to claim
13, hcluding means activated when the new character
array is brought into the stationary photographic position
for reinitiating ‘the photographic action and the con-
tinuous line composing movement.

15. A phototypographical machine comprising, in com-
bination, means for feeding therethrough a pre-coded tape
having thereon a succession of code signals representative
of a justified composed line, means for decoding the sig-
nals in the tape as it is fed through the machine, said
signal decoding means comprising two decoding heads ar-
ranged in tandem and over which the tape is successively
advanced with the signals arranged in the order in which
they are produced, the first head reading and executing
]ustlﬁcanon SIgnah in the coded tape which appear last
in the successive lines of signals, and the second head
reading and executing character identification signals,
character width signals and word space signals in the
coded tape which appear ahead of the justification sig-
nals, a stationary font plate presenting an array of type
characters arranged in different positions thereon and
Vurymg in set widths on unit basis, means for photograph-
ing different selected characters, one after another, for
composition in line, a light sensitive film on which the
characters are recorded in the order in which they are
photographed, means for producing a continuous relative
movement between the light sensitive film and the photo-
graphic means for line composxtmn, a umnit measunng
device for the line composing movement, means responsive
to decoded character identification signals to control the
selection of the type characters to be photographed, means
responsive to decoded character width signals as well as
to said unit measuring device during the continuous line
composing movement for varying the time of photogr aphlc
action for the successive characters being composed in ac-
cordance with unit variations ia set widths of said charac-
131‘», and means responsive to decoded word space signals
and to decoded justification signals as well as to said unit
measuring device during the continuous line composmg
movement for varying the extent of the line composm°
movement for the successive word spaces in the line in
accordance with unit variations in justified set widths of

said spaces.

16. A pnotctypographlcal machine according to claim
15, wherein the first decoding head reads quad signals in
the coded tape which appear after the character identifica-
tion signals, character width signals and word space sig-
nals to provide normal unjustified word spacing for the
line to be quadded and wherein the second decoding head
also reads said quad signals to arrest the continuous line
composing movement after the last character 1n the line
has been photographed.

17. A phototypoglaphral machine according to claim
15, wherein the first decoding head reads line-erase sig-
nals in the coded tape which appear after the character
identification sionals, character width signals and word
space signals to allow coded lines to pass over the second
decoding head without a photographic reading of the
coded line.

18. A photoL ypographical machine according to claim
15, wherein the first decoding head reads end-of-line sig-
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nals in the coded tape to stop the advance of the tape over
said first head, and wherein the second decoding head reads
said end-of-line signals to stop the advance of the tape over
said second head as well as to arrest the continuous line
composing movement.

19. A phototypographical machine according to claim
15, wherein the advance of the tape over the decoding
heads is controlled by signals in the tape.

20. A combination according to claim 1, wherein the
means for varying the time of photographic action for the
successive characters being composed as well as the means
for varying the extent of the line composing movement for
the successive word spaces in the line include an electric
unit counter controlled and operated conjointly by the
input pulses of the character width signals and the justifica-
tion signals in the coded tape as well as by the input pulses
of the unit measuring device, said counter being activated
to produce an operational output pulse when the number
of units measured by the unit measuring device equals the
number of units represented by the width of each suc-
cessive character and by the width of each successive
justified word space.

21. A phototypographical machine comprising, in com-
bination, intermittently operated means for feeding there-
through step by step a coded tape having thereon a suc-
cession of code signals representative of a justified com-
posed line, means for decoding the signals in the tape
as it is fed through the machine, a stationary font plate
presenting an array of type characters arranged in differ-
ent positions thereon and varying in set widths on a unit
basis, means for photographing different selected char-
acters, one after another, for composition in line, a light
sensitive film on which the characters are recorded in
the order in which they are photographed, means for
producing a contintous relative movement between the
light sensitive film and the photographic means for line
composition, a unit measuring device for measuring each
unit distance of travel of the line composing movement
and controlled in its operation by such movement, inter-
mittently cperated means responsive to decoded charac-
ter identification signals in the coded tape to control the
selection of the type characters to be photographed,
means responsive to decoded character width signals in
the coded tape as well as to said unit measuring device
during the continuous line composing movement for vary-
ing the time of photographic action for the successive
characters being composed in accordance with unit varia-
tions in set widths of said characters, and means respon-
sive to decoded word space signals in the coded tape and
to decode justification signals in the coded tape as well
as a said unit measuring device during the continuous line
composing movement for varying the extent of the line
composing movement for the successive word spaces in
the line in accordance with unit variations in justified set
widths of said spaces, characterized in that the light sensi-
tive film is stationary and in that the photographic means
include a projection lens system mounted on a recipro-
catory carriage which moves said lens system continuously
with reference to the stationary film for line composition,
and including automatic means for returning the car-
riage to its starting position after the composition of
each line, and automatic means for reinaugurating the
continuous line composing movement of the lens car-
riage after its return to stariing position, the two said
automatic means including a common continuously driven
electric motor, separate driving connections between said
motor and the carriage, and separate electrically actu-
ated clutches to make and break said driving connec-
tions, the clutch which controls the continuous line com-
posing movement of the lens carriage being deactivated
and the clutch which controls the carriage return move-
ment being activated by a decoded signal in the coded
tape.

22. A phototypographical machine comprising, in' com-
bination, intermittently operated means for feeding there-
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through step by step a coded tape having thereon a suc-
cession of code signals representative of a justified com-
posed line, means for decoding the signals in the tape
as it is fed through the machine, a stationary font plate
presenting an array of type characters arranged in differ-
ent positions thereon and varying in set widths on a unit
basis, means for photographing different selected char-
acters, one after another, for composition in line, a light
sensitive film on which the characters are recorded in
the order in which they are photographed, means for pro-
ducing a continuous relative movement between the light
sensitive film and the photographic means for line com-
position, a unit measuring device for measuring each
unit distance of travel of the line composing movement
and controlled in its operation by such movement, inter-
mittently operated means responsive to decoded char-
acter identification signals in the coded tape to control
the selection of the type characters to be photographed,
means responsive to decoded character width signals in
the coded tape as well as to said unit measuring device
during the continuous line composing movement for vary-
ing the time of photographic action for the successive
characters being composed in accordance with unit varia-
tions in set widths of said characters, and means respon-
sive to decoded word space signals in the coded tape and
to decode justification signals in the coded tape as well as
to said unit measuring device during the continuous line
composing movement for varying the extent of the line
composing movement for the successive word spaces in
the line in accordance with unit variations in justified
set withs of said spaces, characterized in that the light
sensitive film is stationary and in that the photographic
means include a projection lens system mounted on a
reciprocatory carriage which moves said lens system con-
tinuously with reference to the stationary film for line
composition, and including automatic means for return-
ing the carriage to its starting position after the com-
position of each line, and automatic means for reinaugu-
rating the continuous line composing movement of the
lens carriage after its return to starting position, the two
said automatic means including a common continuously
driven electric motor, separate driving connections be-
tween said motor and the carriage, and separate electri-
cally actuated clutches to make and break said -driving
connections, the clutch which controls the lens return
movement being deactivated and the clutch which con-
trols the continuous line composing movement of the
lens carriage being activated by an electric switch which
is energized by the return movement of the carriage.

23. A phototypographical machine comprising, in com-
prising, in combination, intermittently operated means
for feeding therethrough step by step a coded tape hav-
ing thereon a succession of code signals representative of
a justified composed line, means for decoding the sig-
nals in the tape as it is fed through the machine, a station-
ary font plate presenting an array of type characters ar-
ranged in different positions thereon and varying in set
widths on a unit basis, means for photographing different
selected characters, one after another, for composition in
line, a light sensitive film on which the characters are
recorded in the order in which they are photographed,
means for producing a continuous relative movement be-
tween the light sensitive film and the photographic means
for line composition, a unit measuring device for measur-
ing each unit distance of travel of the line composing
movement and controlled in its operation by such move-
ment, intermittently operated means responsive to de-
coded character identification signals in the ccded tape
to control the selection of the type characters to be photo-
graphed, means responsive to decoded character width
signals in the coded tape as well as to said unit measuring
device during the continuous line composing movement
for varying the time of photographic action for the suc-
cessive characters being composed in accordance with
unit variations in set widths of said characters, and means
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responsive to decoded word space signals in the coded
tape and to decoded justification signals in the coded
tape as well as to said unit measuring device during the
continuous line composing movement for varying the
extent of the line composing movement for the successive
word spaces in the line in accordance with unit variations
in justified set widths of said spaces, characterized in that
the light sensitive film is stationary and in that the pho-
tographic means include a projection lens system mounted
on a reciprocatory carriage which moves said lens sys-
tem contintously with reference to the stationary film
for line composition, and inciuding automatic means for
returping the carriage to its starting position. afier the
composition of each line, and wherein the unit measur-
ing device is actuated by the continuous line composing
movement of the lens carriage and comprises a photo-
electric cell, a light source therefor, and an intermediate
grid mounted on and movable with the lens carriage, said
grid being light transmitting and formed with a series of
opaque markings spaced apart at a one-unit distance -to
interrupt the light beam and activate the photo-electric
cell.

24. In a phototypographical machine, the combination
of an array of type characters each having a character-
istic width which is a multiple of a typographical em unit,
a light sensitive film, means for projecting the type char-
acters, one after another, onto the film for line composi-
tion, said film and projecting means being movable one
relatively to the other in effecting line composition, and
means for measuring each unit distance of travel of the
line composing movement and transmitting such measure-
ment to a control unit for the character projection, said
means including a pulse generating .grid plate formed
with a series of opaque markings {0 interrupt a light
beam from a light source to a photo-cell unit and par-
taking of the line composing movement, said markings
being spaced apart at a distance corresponding to the
width value of the aforesaid typographical em unit, said
grid plate being formed with a plurality of series of
opaque markings, one series for each different point size
of type characters to be photographed, and the spacing of
said markings in the different series varying according to
point size.

25. In a phototypographical machine, the combination
of an array of type characters each having a character-
istic width which is a multiple of a typographical em unit,
a light sensitive filin, means for projecting the type char-
acters, one after another, onto the film for line composi-
ticn, said film and projecting means being movable one
relatively to the other in effecting line composition, and
means for measuring each unit distance of travel of the
line composing movement and transmitting such measure-
ment to a control unit for the character projection, said
means including a pulse generating grid plate formed
with'a series of opaque markings to interrupt a light beam
from a light source o a photo-cell unit and partaking of
the line composing movement, said markings being spaced
apart at a distance corresponding to the width value of
the aforesaid typographical em unit, said grid plate being
formed in addition to said series of opaque markings with
a functicnal opaque marking located beyond the normal
range of operation of the unit measuring device and which
conditions the machine for the start of line composition.

26. A combination according to claim 20, including
means actuated by each operational output pulse of the
counter for detecting the nature of the mext signal in the
tape to be decoded.

27. In a typographical photocomposing machine
equipped with a pre-coded tape having a succession of
code signals divided into spaced apart groups répresenta-
tive of a series of justified or unjustified composed lines,
the combination of means for feeding the tape endwise
step by step through the machine, means having a fixed
location in the machine for decoding signals in the tape
as it is fed endwise through the machine, a support for a
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sensitized sheet, a support for a number of characters to
be projected while in fixed position, optical means adapted
to project any character to a common fixed image posi-
tion, continuously moving mechanism for causing the im-
ages of successive characters to be formed on successive
portions of the sheet, a flash illumination device for
illuminating the characters, shutter means actuated by
decoded character identification signals in the coded tape
to permit only a selected character to be projected to
said position, a counter, impulse generating means oper-
ating in timed relation to said continuously moving mech-
anism to step the counter, means responsive to a char-
acter width signal in the coded tape for storing in the
counter a number corresponding to the width of a selected
character, means responsive to a decoded word space sig-
nal in the coded tape during the composition of an un-
justified composed line for storing in the counter a num-
ber corresponding to the width of a word space, means
responsive to a justification end-of-line signal in the coded
tape as well as to a justification quctient and quotient
remainder signal in the coded tape for storing in a mem-
ory unit the information represented by said justification
quotient . and quotient remainder signal, said memory
unit, means actuated during the composition of a justi-
fied composed line by a decoded word space signal in the
coded tape and by the memory unit for storing in the
counter a number corresponding to the justified width of
each successive word space in the line, and a circuit con-
nected to the counter to operate said illumination device
at substantially the instant when the counter receives a
mumber of impulses proportional to said character width,
said unjustified word space width, or said justified word
space width, as the case may be.

28. A combinaticn according to claim 27, wherein the
memcry uait comprises a justification quotient storage
means- and a justification quotient remainder storage
means which are pre-set by the justification quotient and
quotient remainder signals in the coded tape.

29. A combination according to claim 28, wherein the
justification quotient remainder storage means is in the
form of a stepping switch which is stepped back to home
position under control of word space signals in the coded
tape during line composition.

30. A typographical photocomposing machine equipped
with a pre-coded tape having a series of code signals
representing a line of type characters and word spaces
followed by a justification end-of-line signal and a justi-
fication-quotient and quotient remainder signal, the com-
bination of means for feeding the coded tape endwise step
by step through the machine, a scanning head for de-
coding the justification end-of-line signal and the justifi-
cation quotient and quotient remainder signal, a read head
for decoding the type character signals and the -word
space signals, means for stepping the scan head, means
for arresting operation of the scan head when a justi-
fication end-of-line signal for a line to be composed is
decoded thereby, means for stepping the read head, means
for arresting operation of the read head when a justifica-
tion end-of-line signal for a previously composed line is
decoded thereby, the arrangement being such that the
fype character signals and the word space signals for the
line to be composed are between the two decoding heads
at the time the two justification end-of-line- signals are
in decoding position thereon, means for detecting. the
simultancous ‘decoding of the two justification end-of-line
signals, means responsive to the two justification end-of-
line signals being simultaneocusly decoded for operating
the scan head to bring the justification  quotient and
quotient remainder signal for the line to be composed
into decoding position thereon, means for decoding and
storing said justification guotient and quotient remainder
signal, means responsive to storage of said justification
quotient and quotient remainder signal for cperating the
read head to bring the type character signals and the
word space signals sequentially into decoding position
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thereon, and means responsive to the decoding of said
type character and word space signals for recording a
composed justified line of type.
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