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h P.HOTOPR.INTIN'G DEVICE

Battle::H. Klyee, ‘Stamford, Conn.,aassignor 40

~*Fime; Incorporated; New -York, N.¥.;:

oration of New York

tivemanmer. < " - o o Ton 5
“The- copendmg application of’ Walter ‘B Peery,
Serial No. 41,318 filed July:20; 1948; for “Klee-
tronic Photo-Typecomposing System,” di "oses
et ) otocompbsnng system

“The" princ1pa1 object of the present inventmn
is to prov1de new. and improved photo~prmt1ng

' ing:apparatus: oonstructed ac'cordin 7 1t0- 4 hi in#:

) N3
vanometers An: such :fashion:ag; to:pos
corresponding character: aecuratelwonuth P
tographlostrlp S

~.Additional: objects: and: advantages
apparent drom’ the following 'detatled«d
tion.of several:typicalembodiments, taken m con‘
junetion : withe the accompanvm rh'awings Vel
whlch :
“Fig.. Lads: aschematie diagram ofy: phdtqn-pri, 2

vention; :
Fig.s2:1llustrates: schematiealiy i typical ha .
acter bearing member fcr uSe
of Fig:l; - = i
Pigs8isa graphshowingrepresentatiw rves‘z
of sthe " voltages:ig; . '
vanometers asia-function:of- timewtogeth
acurveshowing the ‘exposure:tinie;- -
Fig 415 a vrew in eleva;tion. of: pa}rt of: the che

o = photographic striii A
These and ‘other obJeets of the invention are
ch b

tical system” having movi

small size and mass so 2 to be capable of very" o

rapld movement

In a typ, _al embodiment, -electric: signals rep~
1esentat1ve of ‘the posmon coordmates of a char-
acter-are-applied-to- correspondmg “mirror- gal-
vanometers “which~ controi the- ‘point-of- impinge-~-
ment of a- beam of light-upon ‘the charaeter besr-
mg member Light from*the- iiluminated char-
acter-is ‘then’ chrected‘to g photographie-strip on

which “the character-may~be=printéd,-suitable: 45 s

means b ng provided for- printing successive“
characters iraline.

According ‘to another-embodiment of the in-
vent1on positiomng indicia are: associated with
each -character on’ the character bearmg ‘mem--
ber- and- they- are adapted: to ‘be 111um1nated Si=-
multaneously* -with ‘the* respectlve characters-to
which? they correspond TThe illumination:.of the
positioning indicia eauses signalg to be: generated:
which modify the action of the:mirror:galss

. acter ‘bearitigimember it 4

N shown’m Fig. 2

40~

60

65¢

images of ithe pesitiomngr indicia appear
seen throughithéviewing slits: - A
i theillustrative form: oL the 'inventlomsh N1
in’ Figs.: Land 2, & plurality;of: chayhetérs 1
a character bearing’member-1 kare adapteditarbe:
selectively:illuthinated: byrcontiolling:thes: poiht
of: 1mpingement' of sxbeanmof:li ght upomthew:harm

m may be disposed X

The character "'ibearingnmember {

on“whmh the cheracters i10s appea.rxastransparm
encies; mounted uporn: 4 suitablespecular-teficet
ing ‘surface 18 such:iasta miirrey;: for:example.
Pre:terably,l the mirrnr pm:tion =underlying“ each-.

bearing member ll H'With rthisz-,
parallel light rays passinguthrough s
striké-the corresponding: planemirro ~p
will: return along the sameeline :
came : .
“Phe-beam:for. illummating theschazacters on
the:chatacter hearing member: ¢ imay:be -
duceddn:any:désired manner;: asifor-example;-h

an-approximate-point:source:15:such: as’ar-Wegt_ - o




ern Union crater lamp. Light from the point
source {5 is directed through a lens system com-
prising the lenses 16, {1 and 18 to a mirror gal-
vanometer 19 which is mounted for rotation about
the vertical axis to select the column in which
g character to be printed appears. From the
column mirror galvanometer 19, the beam of light
is directed through another lens 28 to another
mirror galvanometer 2i which is mounted for
rotation about a horizontal axis to select the
row in which the character to be printed appears.
If the galvanometers {9 and 28 can be placed
near one another, the lens 28 may be omitted.

The column and row galvanometers 19 and 21,
respectively, are adapted to be actuated by elec-
tric signals generated in response to column and
row code markings 22 and 23, respectively, on a
record strip 24. The record strip 24 is adapted
to be moved continuously in the direction indi-
cated by the arrow from a supply spool 20 to a
take-up spool 26 which may be driven by any
suitable motor 21, for example.

In the code system shown on the tape 24 (Fig.
1), the number of code markings 22 indicates the
number of the column in which the letter to be
printed appears while the number of code mark-
ings 23 indicates the row in which the charac-
ter appears. Thus, the lower case letter ¢ is rep-
resented by one code mark 22 and one code mark
23, since it is in the first column and first row
on the character bearing member {f. Other suit-
able code systems may be employed as will be
dpparent to those skilled in the art.

The column code markings 22 are adapted to
be scanned by a suitable photoelectric cell 28
which is connected to an amplifier 29. The out-
put of the amplifier 29 is connected by conduit
means 30 to a pulse generator 31 which produces
a pulse each time a code mark 22 is scanned
by the photoelectric cell 23. The pulses produced
by the pulse generator 31 are counted by a con-
ventional pulse. .counter 32 which produces a
stair-step type of voltage, as shown in the curve
33 of Fig. 3. The stair-step voltage output of
the counter 32 is amplified by suitable amplifier
means 34, the output of which is connected to
energize the mirror galvanometer (9.

..In similar fashion, the row code markings 23
are adapted to be scanned by a suitable photo-

electric cell 35 connected to an amplifier 3§, the

output of which is supplied to a pulse generator
37. The pulse generator 37 produces a pulse
each time a code mark- 23 is scanned by the
photoelectric cell 35 and these pulses are counted
by a conventional type counter 38 which produces
8 stair-step voltage of the type illustrated hy
the curve 39 of Fig. 3. The stair-step voltage
guitput of the counter 39 is amplified by a suit-
able amplifier 49, the output of which is con-
nected to energize the row galvanometer 21. -

. As each .group of code marks 22 and 23 on
the tape 24 is scanned by the photoelectric cells
28 and 35, respectively, it will be understood that
the column and row galvanometers 19 and 2i,
respectively; will be moved to the proper po-
sitions to. direct' the beam from the source of
light .15 to the corresponding character {0 on
the character bearing member 1i. Light trans-
mitted through the character {8 and reflected
by the mirror 13 is directed by the row and
column galvanometers 21 and 19, respectively,
to. a-half-silvered mirror #1. A portion of the
light reflected from the mirror 4{ is directed
through a lens 42 to. a mirror galvanometer 43

from which . it is’ reflected to @ photographic
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film 44, for example, on which the character
is to be printed. The mirror galvanometer 43
may be moved by means like that disclosed in
the above-mentioned application Serial No.
41,318, so that successive characters are printed
on the film 44 in justified lines.

The film 44 may be exposed in any desired
manner, as by pulsing the light source 15 after
the column and row galvanometers 19 and 21,
respectively, have heen moved to the proper
positions to direct light to the selected character
10 to be printed. For this purpose, a plurality
of code marks 45 are formed on the strip 24,
which are adapted to be scanned by a photo-
electric cell 46. Preferably, the code marks 45
should be positioned slightly behind the last
code marking for any character, so as to provide
sufficient time for the galvanometers to move
to the required positions before exposing the film
44. The signals from the photoelectric cell 46
are amplified in a suitable amplifier 41, the
output of which is fed by a conduit 48 to a pulse
generator 49 which produces a pulse each time
one of the code marks 45 is scanned by the
photoelectric cell 46. The output of the pulse
generator 49 may be connected to energize a
suitable light pulser 50 for pulsing the light
source 15.

Alternatively, the exposure of the film 44 may
be controlled by means of conventional light
valves which may be suitably disposed in the
optical system. Thus, a light valve 51 might
be interposed between the lenses 16 and (7 or
a light valve 52 might be interposed between
the mirror galvanometer 43 and the film 44. In
either case, the light valve would be connected
so as to be operated by the light pulser 50.

In operation, assume that.the character c¢ is
to be printed. As shown on the record strip
24, this character is designated by three column
code marks 22 and one row code mark 23. As
these code marks are scanned by the photo-
electric cells 28 and 335, respectively, stair-step
voltages of the type indicated at 53 on the curve
23 and 54 on the curve 39 (Fig. 3) appear at
the output terminals of the amplifiers 34 and
40, respectively. These voltages are impressed
upon. the column and row galvanometers {9 and
21, respectively, which move to the proper po-
sitions to focus the character ¢ accurately on
the film 44. Shortly after the last code mark
22 for the character ¢ has been scanned by the
photocell 28, the printing code mark 45 is scan-
ned by the photocell 46. This pulses the light
source {5 and exposes the film 44 to the char-
acter ¢. Other characters are printed in es-
sentially the same manner.

. Ordinarily, the characters can be accurately po-

sitioned on the film 44 despite slight variations in
the voltage or in the mechanical characteristics
of the several galvanometers employed in the sys-
tem. If a high degree of accuracy is desired,
however, each of the characters 10 on the charac-
ter bearing member { { may be provided with hori-
zontal and vertical positioning indicia 55 and 586,
respectively, as shown in Fig. 4. The indicia 85
and 56 may be, for example, transparent triangles
having their apices directed downwardly and left-
wardly, respectively. It will be understood that
when the light source 15 is on, and the galvanom-
eter mirrors {9 and 21 are positioned to direct
light to a particular character 10, images of the
character and the corresponding positioning in-
dicia 55 and 58 will be reflected from the half
silvered mirror4f, - - ... .
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According to the invention, a suitable reflect-
ing screen §7 is interposed between the lens 42
and the mirror galvanometer 43, having an aper-
ture 87’ therein to permit the image of the char-
acter to pass therethrough to the galvanometer
43. The rays corresponding to the indicia 55 and
56 are intercepted by the screen 57 and directed
to an opaque member 69 having slits 58’ and 59’
therein. Images of the indicia 55 and 56 are thus
formed in the plane of the slits 58’ and 597, re-
spectively, which images are adapted to be
scanned by suitable photoelectric cells 58 and 59,
respectively.

Light passing through the slits 58’ and 59’ to
the photocells 58 and 59 causes the latter to gen-
erate electric signals which are amplified in the
amplifiers 61 and 62, respectively. The outputs
of the amplifiers 61 and 62 are fed back to the
amplifiers 40 and 34, respectively, in such fashion
as to generate voltages tending to cause the col-
umn and row galvanometers 19 and 21, respec-
tively, to move uniil the indicia 55 and 56 are so
bositioned that the amount of light reaching the
photocells 58 and 59 is midway between the mini-
mum and maximum amounts of light that may
reach them. This is the condition shown in Fig.
5. When this condition obtains, it will be under~
stood that the character to be printed will be gc-
curately positioned for proper exposure on the
film 44.

In this embodiment, the light source {5 must be
on all the time so that the positioning system can
operate properly. Exposure of the film 44 to the
character to be printed should preferably be ac-
complished by means of the light valve 52 which
is interposed between the mirror galvanometer 43
and the film 44,

It will be apparent, from the foregoing, that the
invention provides a novel photographic printing
device which enables high printing speeds and
a relatively high duty eycle to be attained with
conventional components. Thus, with a light
source {5 comprising a conventional printing
lamp which has an exposure time of, say, 600
microseconds, it can be shown that the char-
acter ¢ can be printed with the apparatus at the
rate of about 1,000 per second. On the other
hand, the character T can be printed at the rate
of about 250 per second. An average printing
speed for the apparatus under these conditions,
therefore, might be around 400 or 500 characters
per second. These figures are based on the as-
sumption that the galvanometers employed have
a uniform frequency response up to about 5,000
cycles per second, and that the time of rise of
the circuits interposed between the photoelectric
cells and the mirror galvanometers is of the order
of 53 microseconds.

It will be further understood that the several
embodiments described above by way of illus-
tration are susceptible of numerous changes in
form and detail within the spirit of the inven-
tion. The amplifiers, pulse generators and coun-
ters employed may be of any conventional type
suitable for the purpose. Also, the coordinate
system in which the characters 10 are arranged
on the character bearing member |1 rieed not be
rectangular, as shown in Fig, 2, but may be of
any suitable type. The specific embodiments de-
scribed and illustrated herein, therefore, are not
to be regarded as limiting in any way the scope
of the following claims. .

Iclaim: .

1. In a projection system, the combination of
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6
umns of characters thereon-backed by specular
reflecting means, a source of light, means form-
ing an optical path between said light source and
said character bearing member for directing light
in one direction from said source to a selected
character and for transmitting an image of ‘said
character in the opposite direction thereover,
said path forming means including a pair of re-
flector members, and means for sdjusting the
positions of said reflector members with respect
to said character bearing member to direct light
from said source to a character to be projected.

2. In a projection system, the combination of
a member carrying a plurality of rows and col~
umns of characters thereon backed by specular
reflecting means, a source of light, means forming
an optical path between said light source and
sald character bearing member for directing light
from said source to a selected character and for
transmitting an image of said selected character
thereover in the opposite direction, said path
forming means including a pair of refiector mem-
bers, means for adjusting the positions of said
reflector members with respect to said character
bearing member to enable them to direct light
from said source to a character to be illuminated
by said source, an image receiving element, and
reflector means in said optical path for directing
said image of- a selected character on said char-
acter bearing member to said image receiving ele-
ment.

3. In a projection system, the combination of
& member carrying a plurality of mutually per-
pendicular rows and columns of characters
thereon, said characters being backed by specular
reflecting means, a source of light, means form-
ing an optical path between said light source and
said character bearing member for directing light
from said source to a selected character and for
transmitting an image of said selected character
thereover in the opposite direction, said path
forming means including a pair of reflector mem-
bers mounted for rotation about mutually per-
pendicular axes, code controlled means for ad-
justing the positions of said reflector members
with respect to said character bearing member to
direct light from said source to a eharacter to be
illuminated by said source, an image receiving
element, and reflector means in said optical path
for directing said image of 2 selected character on
sald character bearing member to said image re-
ceiving element., . ’

4. In a projection system, the.combination of
a member carrying a plurality of rows and col-
umns of characters thereon, said characters be-
ing backed by specular reflecting means, a source
of light, means forming an optical path between
said character bearing member and said light
source for directing light from said source to a
selected character and for transmitting an image
of said selected character thereover in the oppo-
site direction, said path forming means including
a pair of reflecting members; g record strip bear-
ing row and column code indicia corresponding
to characters to be projected and other code in-
dicia, means responsive to said row and column
code indicia for adjusting the positions of said
reflecting members relatively to said character
bearing member so as to enable them to direct
light from said source to a selected character to
be projected, means responsive to saig other code
indicia for rendering said light source effective
to illuminate said selected character on said

& member carrying a plurality of rows and col- 75 character bearing member, and reflector means
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1ri said optical path for directing sald image of
g selected character to image receiving means.

5. In photoprinting apparatus, the combina-
tion of a member carrying a plurality of rows
and columns of characters thereon, said char-
aeters being backed by specular reflecting means,
a photosensitive element, a source of light, means
forming an optical path between said light scurce
and said character bearing member for directing
light from said source.to a selected charaeter and
fov transmitting an image of said selected-char-
acter thereover in the opposite direction, said
path formihg means including & pair of reflecting
members mounted for rotational adjustment
about axes at an angle to each other, means for
adjusting the positions of said reflecting mem-
bers relatively to said character bearing member
$0 85 to enable them to direct light to 2 selected
character to be printed, and optical means in-
cluding reflector means in said optical path for
directing an image of a selected character to said
element.

6. In photoprinting apparatus, the combination
of a member carrying a plurality of rows and
columns of characters thereon, said characters
being backed by specular reflecting means, 2
photosensitive element, a source of light, means
forming an optical path between said light source
and said character bearing member for directing
light from said source to a selected character and
for transmitting an image of said selected char-
acter thereover in the opposite direction, said
path forming means including a pair of reflect-
ing members-mounted for rotation about mutual-
ly perpendicular axes, a record strip bgaring row
and column code indicia representing characters
to be printed, means responsive to said code in-
dicia for adjusting the positions of said reflecting
members relatively to said chavracter - bearing
member so as to enable them to direct light from
gaid source to a character to be printed and op-
tical means including reflecting means in said
optical path for directing said image of a selected
charactér to said photosensitive element.

7. In photoprinting apparatus, the combination
of a memper carrying a plurality of rows and
ecoliimns of characters thereon, said characters
being backed by specular reflecting means, .a
photosensitive eleraent, a source eof light, means
forming an optical path between said light source
and said character bearing memker for directing
light from said soyrce to a selected character and
for transmitting an image of said selected char-
acter thereover in the opposite direction, said
path forming means including-a pair of reflecting
members mounted for rotation about mutually
perpendicular axes, a record strip hearing row
and column code indicia representing characters
to be printed -and printing code indicia, means
responsive to said row and column code indicia
for adjusting the positions of said reflecting mem-
bers relatively to said character bearing member
so as to enable them to direct light from said
source 1o -a charactetr to be printed, optical means
including reflecting means in said optical path
for directing said image of a selected character to
said photosensitive element, and -means respon-
sive to said printing code indicia for rendering
said light source effective to expese said element
to said image.

8. In a projection system, the combination of
a member carrying characters and character po-
sitioning indicia thereon, a refiecting means, &
record strip bearing code indicia thereon repre-
senting tharacters to be projected, means respon-
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8

sive to said code indieia for adjusting the posi-
tions of said reflecting means relatively to said
character bearing member to select a character
to be projected, and electrical means embodying
photosensitive means responsive to the character
positioning indicia corresponding to said selected
character for further adjusting the positions of
gaid reflecting means to control the accuracy of
positioning of the projection of said selected
character,

9. In & projection system, the combination of
a member carrying characters and correspond-
ing character positioning indicia, thereon, a
photoelectric element, means formihg an optical
path between said character bearing member-and
said element, said path forming means including
a pair of reflecting members mounted for rotation
about mutuaily perpendicular axes, a record strip
pearing row and column code indicia correspond-
ing to characters to be projected, means respon-
sive to said code indicia for adjusting the posi-
tions of said reflecting members relatively to said
character bearing member to select a characfer
to be printed, reflecting means for directing to
said photoelectric element an image of the posi-
tioning indicia corresponding to a selected char-
acter, and eleetrical feedback means including
said photoelectric element responsive to said po-
sitioning indicia image for modifying the adjust=
ment of said reflecting members to render the
selection of a character more accurate.

10. In photoprinting apparatus, the combina-~
tion of a member carrying a plurality of rows and
eolumns of characters and corresponding char-
acter positioning indicia therecn, said characters
and character positioning indicia being backed by
specular reflecting means, a photfosensitive ele-
ment, an image receiving element, a source of
light, means forming an optical path between
said light source and said character bearing
member for directing light from said source to
a selected character and for transmitting an
image of said selected character thereover in the
opposite direction, said path forming means in-
cluding reflecting means rotatable about mutually
perpendicular axes, a record strip bearing row
and column code indicia thereon representing
characters to be printed, means responsive to said
row and column indicia for adjusting the posi-
tions of said reflecting means relatively to said
character bearing member go as to enahle them
to dirvect light from said source to a character to
be printed, optical means including second re-
flecting means in said optical path for directing
an image of a selected character to said image
receiving element and an image of the corre-
sponding positioning indicia to said photosensi-
tive element, and electrical feedback means in-
cluding said photosensitive element responsive to
said positioning indicia image for modifying the
operation of said adjusting means to render the
selection of a character more accurate.

11. In photoprinting apparatus, the combina-
tion of a member. carrying a plurality of rows
and columns of characters and corresponding
character positioning indicia therecn, said char-
acters and character positioning indicia being
backed by specular refiecting means, a photo-
sensitive element, an image receiving -element, a
source -of light, means forming an optical path
between said light source and said character bear-
ing member for directing light from said source
to a selected character and for transmitting an
image of said selected character thereover in the
opposite direction, said path forming means in-
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cluding a pair of reflecting members rotatable
about mutually perpendicular axes, a record strip
bearing printing code indicia and row and column
code indicia thereon representing characters to
be printed, means responsive to said row and col-
umn indicia for adjusting the positions of said
reflecting members relatively to said character
bearing member so as to enable them to direct
light from said source to a character to be printed,
optical means including reflecting means in said
optical path for directing an image of a selected
character to said image receiving element, and an
image of the corresponding positioning indicia to
said photosensitive element, electrical feedback
means including said photosensitive element re-
sponsive to said positioning indicig, image for
modifying the operation of said adjusting means
to render the selection of a character more ac-
curate and means responsive to said printing code
indicia for rendering said light source effective
to expose said photosensitive element to said se-
lected character image.

12. In a projection system, the combination of
a member carrying a plurality of characters
thereon, a beam of radiant energy, first optical
means forming a path for said beam between its
source and said member, said path ineluding first
reflecting means, means for positioning said first
reflecting means relatively to said member to se-
lect a character on said member to be projected,
second reflecting means in back of said characters
for reflecting an image of each selected character
as formed by said beam and member in reverse
direction along said path, and second optical
means including third reflector means interposed
in said path between said source and the first re-
flecting means for directing an image of each
selected character to an image-receiving point.

13. In a projection system, the combination of
a member carrying g plurality of characters
thereon, a beam source, first optical means form-
Ing a beam path between said source and said
member, said path including first reflecting means
mounted for movement about mutually perpen-
dicular axes, motive means for adjusting the an-
gular positions of said reflecting means relatively
to said member to direct said beam to a selected
character on said member to form an image
thereof, second reflecting means in back of said
characters for reflecting each character image in
reverse direction along said beam bath, and sec-
ond optical means including third reflector means
Interposed in said path between said source and
first reflector means for directing the images of
the successively selected characters to an image-
receiving point.

14. In a projection system as set forth in claim
13 including means forming character positioning
indicia on said character-carrying member ad-
jacent each character thereon and adapted to
form indicia images concurrently with the forma-
tion of each selected character image, photoelec-
tric means, and electrical feedback means includ-
ing said photoelectric meang responsive to said
character positioning indicia, images for modify-
ing the operation of said motive means to render
selection of characters more accurate.

15. In g photo-printing apparatus, the combi-
nation of a member carrying a plurality of char-
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acters thereon, a light source, means forming an
optical path between said light source and said
character-bearing member for directing light
from said source to a selected character and for
transmitting an image of said selected character
in the reverse direction thereover, said path in-
cluding a first reflecting means mounted for ad-
justing movement relatively to said member to
select a character to be projected, second reflect-
ing means in back of said characters for reflecting
images of selected characters as formed by said
light in reverse direction along said optical path,
optical means including thirg reflector means
interposed in said path between said light source
and said reflecting means for directing succes-
sively formed character images out of said optical
path, photo-sensitive means to which images
from said third reflecting means are directed, and
motive means for adjusting the position of said
first reflector means.

16. In photo-printing apparatus as set forth in
claim 15 including means forming character po-
sitioning indicia on said character-carrying
member adjacent each character thereon and
adapted to form positioning indicia images con-
currently with the formation of each selected
character image and electrical feedback means
including said photosensitive means responsive to
said character positioning indicia images for mod-
ifying the operation of said motive means to ren-
der selection of characters more accurate.

17. In photo-printing apparatus as set forth in
claim 15 wherein said thirg reflecting means
comprises a partially silvered mirror for passing
at least a portion of the light from said light
source to said character-carrying member and
for reflecting at least a portion of the light form-
ing an image of & selected character returning
from said character member in reverse direction
along said light path.

18. In a projection system as set forth in claim
12, said member carrying a, blurality of charac-
ters and said secong reflecting means comprising
a plurality of surfaces contained in angularly
spaced planes, said planes being angularly ar-
ranged to reflect the character images formed
thereon to a common position in said beam path.

BATTLE H. KLYCE.
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