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[57] ABSTRACT 
A recording system wherein a character disc or the 
like having transparent light modulating patterns 
thereon is rotated through an exposure zone so that 
selected patterns may be projected by the energization 

. of a ?ash lamp. The projected pattern is collimated 
and directed to a recording zone through ‘which move 
lens-mirror units at a constant speed that intercept the 
projected pattern and focus it onto a photoreceptive 
recording medium. The patterns are arranged on the 
character disc in spiralled configurations such that as 
the disc is rotated the ?rst and last patterns of a spiral 
move through a fixed exposure zone at different posi 
tions relative thereto. A plurality of concentric pattern 
sets along with a corresponding plurality of ?ash 
lamps allows for the simultaneous projection of a plu 
rality of lines. 

4 Claims, 8 Drawing Figures 
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1 
PROJECTION ASSEMBLY 

BACKGROUND OF THE INVENTION 

This invention relates generally to recording appara 
tus and, more particularly, to information recording ap 
paratus utilizing optical projection techniques. 

In the field of optical projection recorders, there has 
been a long felt need for apparatus which is capable of 
high quality recording at a speed much greater than 
conventional prior art recorders. A particular problem 
area is the accurate positioning of characters along a 
line of recorded information. More speci?cally, non 
uniform spacing has occured in less sophisticated re 
corders due to character size variations and ‘the inexact 
incremental drive systems used for advancing an appro 
priate optical system. In efforts to overcome this defi 
ciency, prior art techniques have involved complex 
coding of a character disc in a binary fashion, for exam 
ple, to indicate particular spacing information corre 
sponding to that particular character. However, such 
complexity has detracted from the reliability of the re 
corder itself and has increased its cost as well. 
The present invention permits a-constantly driven op 

tical system with the assurance that the inter-character 
spacing will be uniform throughout while making re 
cording rates of at least 300 characters per second 
possible with typewriter quality. 
Therefore, it is an object of the present invention to 

improve optical projection recording. ' 
' ‘It is another object of the present invention to pro? 
vide an improved character disc assembly which in 
sures uniform spacing of characters across a line of re 
corded information with a minimum of complexity and 
cost without sacri?cing recording speed. 

It is an additional object of the present invention to 
provide an improved character disc or drum which em 
ploys a simplified coding technique for proper spacing 
of characters in the ?nal recording. 

DESCRIPTION OF THE DRAWING 

The foregoing will become more readily apparent 
upon reading the following description in conjunction 
with the drawing in which: 
FIG. 1 is a side view of an apparatus in which the 

present invention‘ may be utilized; - 
FIG. 2 is a front view of the apparatus of FIG. 1 with 

some parts borken away; - 

FIG. 3 is a top cross-sectional view of FIG. 2 taken 
along section lines 3—3; 
FIGS. 4 and 5 illustrate sequential relationships be 

tween the character disc and the optical ?eld stop disc 
for projecting properly spaced characters and project 
ing only one character at a time; ' 
FIG. 6 is a schematic representation of an illustrative 

logic circuit which controls the apparatus in which the 
present invention may be utilized; 
FIG. 7 is a plan view of a modified character disc and 

stationary aperture mask; and - ' 

FIG. 8 is a plan view of a modi?ed character disc and 
stationary aperture mask embodying the principles of 
the present invention. > 

DESCRIPTION OF THE PREFERRED ' 

EMBODIMENT 
Reference will now be made in detail to the mechani 

cal structures illustrated in FIGS. 1, 2 and 3 which de 
pict in detail the signi?cant portions of a character re 
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2 
corder in accordance the principles the principles of 
the'present invention. , 

FIG. 1 shows in somewhat more detail than FIGS. 2 
and 3, exemplary xerographic process stations which 
are conventional in nature and actually form no part of 
the present invention. However, they are illustrated to 
provide a point of reference for the present invention 
in a practical environment. Not all of the details of the 
xerographic process have been illustrated but suf?cient 
details of those stations illustrated and other desirable 
stations not illustrated may be obtained from U.S. Pat. 
No. 3,187,651, which issued to Eichorn et al. on June 
8, 1965, assigned to‘ the same assignee as the present 
application. Basically, a conventional xerographic 
drum 2 is shown to rotate in the direction indicated by 
the arrow to pass successive portions under the in?u 
ence of a pre-exposure corotron 4 and to an exposure 
station which is represented by the slit mask 6 where 
the previously charged xerographic drum is selectively 
discharged in accordance with the intensity of the 
image at the exposure station. The latent electrostatic 
image thereby produced may then be conventionally 
developed with electroscopic marking particles using a 
suitable developing apparatus such as a cascade devel 
oper represented by the housing 8. 
The developed latent image is then moved to a trans 

fer station where a transfer corotron 10 transfers the 
electroscopic marking particles onto a copy sheet 
which is held on a copy sheet conveyor 12 by means of 
a suitable’ gripper mechanism 14 shown in more detail 
in the aforementioned patent. The copy sheet can origi 
nate from an appropriate copy sheet tray 16 under the 
in?uence of a feed~out roller 18 and paper guides 20. 
After transfer a conventional radiant fuser 22 may be 
employed to permanently affix the transferred image 
onto the copy sheet. 
Referring now specifically to the mechanical struc 

ture with particular-reference to FIG. 2 which best de 
picts the structure which is partially shown in FIGS. 1 
and 3, the xerographic drum 2 which is rotated by mo 
tive power applied to its shaft 24 provides the ?nal re 
ceptor of optical information projected onto it via slit 
mask 6. ' 

As noted before, the xerographic aspects of the pres 
ent disclosure do not constitute a portion of the inven 

’ tive concept herein disclosed. For example, any photo 
responsive medium may be used to receive and record 
the optical projections. Therefore, vthe xerographic 
drum may be replaced by a suitable photographic me 
dium vor any other light responsive medium. It goes 
without saying that in certain situations depending 
upon the type of recording medium utilized a drum 
con?guration is not necessarily desirable and a flat 
plate adapted for movement could also be employed. 
Thesource of the optical projections which are re 

ceived by the xerographic drum 2 originate, in one em 
bodiment. from a pattern disc 26 which is driven rota 
tively so as to pass an annular pattern area 28 succes 
sively through an exposure zone. As will be described 
hereinafter, this area 28 is composed of sets of trans 
parent light modulating patterns. The exposure zone is 
aligned with the center line of the image path desig 
nated in FIG. 2 by reference numeral 30. Other ele 
ments further de?ne this exposure zone such as the op 
tical ?eld stop disc 32 which is driven about its axis 
represented by a drive shaft 34 as shown in FIG. 2. As 
shown best in FIG. 3, the optical ?eld stop disc 32 is 



3 
generally opaque to' a particular illumination utilized in 
the recording apparatus and has transparent portions 
36 thereon which correspond to segments of a spiral. 
Each segment 36 has a radius from the center of the 
disc 32 whichv corresponds to the following equation: 

where R is the radius of the segment measured from the 
center of the‘disc 32, R,7 is the shortest radius of the 
segment as measured from the center of‘ disc 32, K is 
a constant and 0 is the angle subtended by R and R,,. As 
shown in FIG. 3, disc 32 has three such segments36, 
each of which corresponds to a set of light modulating 
patterns on disc 26 which are used in the recording op 
erationfln a particular example of this disclosure, each 
set includes alphanumeric characters comprising two 
alphabets, upper case and lower case. ' 
‘As will be seen again in FIG. 3 referring to the disc 

26, there are three transparent slits 38 in an otherwise 
opaque disc with, of course, the exception of the char 
acter area28 and'other slits.'These slits, as will be seen 
in more detail hereinafter, designate the beginning and 
end of an alphanumeric character set on the disc 26. 
Each slit 38 ‘is spaced 120° apart ‘from adjacent slits and 
consequently thev angle subtended by anyone of the 
segments 36 on the optical ?eld stop disc 32 is equal to 
I20". Therefore, as shown in FIG. 3 where the charac 
ter area 28 of disc 26 and any portion of a segment 36 
of disc 32 intersect proximate to the center line 30 of 
the image path, the exposure zone will be de?ned. It 
can be readily understood that although the character 
area 28 is concentric about the axis and drive shaft 40 
0f character disc 26', the exposure zone previously de 
?ned will vary about the center line 30 of the image 
path as transparent function of the aforementioned 
equation since the spiral of the 36 will vary in'their dis 
tance from the center of disc 32. This will be seen in 
greater detail hereinafter in connection with discussion 
of FIGS. 4 and 5. It is‘ sufficient at the projection time 
to describe the exposure zone as being the intersection 
of any of the segments 36 and the character area 28 of 
disc 26 at or near the center line 30 of the image path. 
Both disc 32 and 26 ‘may be formed by etching photo 

graphic em'ulsion‘which is adhered to one side ‘of a 
lightweight normally transparent disc-shaped'material 
such as plexiglass. The emulsion side of the discs 26 
and 32 face each other and are very closely spaced so 
as to permit the segments 36 andrthe character area 28 
to be as proximate to the object plane of the projection 
optical system as is possible. 
This projection optical system is represented by a 

collimating optical assembly generally designated by 
reference numeral 42 which acts to collect the light 
passing through the selected portion of the character 
disc 26 and collimate it 'for re?ection by a main mirror 
44. The light from main mirror 44 is then acted upon 
be achromatic doublets of conventional design and as 
seen in FIGS. 1 and 3 are substantially rectangular in 
area. They serve to focus via mirrors 48 the light re 
?ected by mirror 44 onto the image plane represented 
by the surface of xerographic ,drum 2 exposed through 

' slit mask 6. As is shown in FIG. 2, a support member 
49 holds the lens 46 and the mirror 48 in a ?xed rela 
tionship relative to each other to insure properv optical 

' alignment throughout the operation of the apparatus. 
The source of the light which has been described as 

passing through the optical system is generated by a 
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suitable flash lamp 50‘ which may suitably be a xenon 
lamp housed in a conventional light box 52 so as to per 
mit light to exit ‘through an optical assembly 54 and into 
theexposure zone previously referred to. 
The description of the optical arrangement'can be 

summarizedby saying that a character in the pattern 
area of disc 26 is illuminated and this object character 
in the character plane is imaged at infinity by the colli 
mating action of assembly 42. The main mirror 44 re 
?ects this collimated light to lens 46 which images that 
character via mirror 48 onto the image plane at the sur 
face of the drum 2 of other photo-receptor. ' 

Referring now specifically to FIGS. 1 and 2, the man 
ner in which the optical projections from the character 
disc 26 are spatially recorded on the surface of drum 
2 will be described. As noted hereinabove, lens 46 and 
mirror 48 are formed into an integral unit by an appro 
priate support member 49. This support member is, in 
addition, attached to a'carriage 56 which is ?xed to a 
flexible, endless drive member 58, which may be a' 
chain as illustrated in the drawings. The chain engages 
two sprocket wheels 60, one of which may be driven by 
suitable source of motive power not shown to move the 
chain 58 through its particular path as shown best in 
FIG. 2. A plurality of carriages 56rare shown attached 
to the chain 58 and, as will be seen hereinafter, this 
number of such carriages and associated optical units 

I can not be less than two and may be larger. 
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FIG. 2 depicts two of these'units in the‘optical the 
surface in indicated lens-mirror projection on the 2, . 
which drum. path formed by the re?ected light from 
mirror 44 which in part is directed by either one of the 
units onto the surface of drum 2'at the beginning or ‘end 
of the slit in the mask 6. The movement of the chain 
viewed in FIG. 2 is in a clockwise direction as indicated 
by the arrows. Therefore, the lens-mirror assembly on 
carriage 56 on the left can be considered as having 
completed the projection of a line of alphanumeric in 
formation and the identical assembly on the right can 
be considered as initiating the next line of recorded in 
formation. Because'of the ?nite speed at which chain 
58 drives these lens-mirror assemblies along the axis ‘of 
drum 2, it is necessary in order to achieve line’ record 
ings which are‘ substantially perpendicular to ‘the edges 
of drum 2 to skew the plane of the chain 58 with re 
spect to the drum’s axis which is represented inFIG. 3 
by reference numeral 62. The amount of skew is a func 
tion of the chain’s speed and the linear velocity of the 
drum. In this way, in the final copy the horizontal lines 
of alphanumeric information will be equally spaced and 
substantially perpendicular to' the sidev edges of the 
copy sheet. ‘ ' - . , 

Because of the high speed capabilities of the record 
ing apparatus‘permitted by the present invention the 
speed at which the chain 58 is driven may cause certain 
vibrations which adversely affect the qUality of 7the 
?nal copy. In order to minimize these effects, a stabiliz 
ing plate 64 is employed upon the ‘edge of which in ef 
fect rides carriages 56 by way of wheels 66 which are 
best shown in FIGS. land 2. These wheels are rota 
tively mounted on the same pins which attach carriage 
56 to the chain 58. Because of the tension in the chain 
58, the wheels 66 of the carriage 56 maintain continu 
ous contact with the edge of the stabilizing plate 64. 
Inthe recording zone of the apparatus de?ned as 

shown in FIG. 2 by that space between the mirrors 48 
of the two lens-mirror units shown providing exposure 



5 
of the drum 2, additional stabilizing ?anges 68 are em 
ployed to provide positive restraint on both the upper 
and lower portions of the'periphery of wheels 66. As 
seen better in FIG. I, ?anges 68 are attached appropri 
ately to respective ones of the stabilizing plates 64. This 
insures the very minimum of vibration in the recording 
zone by chain-58 and carriages 56 thereby providing 
little, if any, blur in the image projected onto the sur~ 
face of drum 2. It is recognized that the stabilizing pro 
visions are not necessary to the operation of the system 
but only enhance the equality of the resultant record 
ing. 1 . 

At this point, the operation of the apparatus as de» 
picted in the drawings may be summarized as follows. 
Through appropriate logic control circuitry yet to be 
described, input signals representative of alphanumeric 
information are received by the recording apparatus 
and decoded so as to indicate what particular alphanu 
meric character is to be projected and recorded onto 
the surface of xerographic drum 2 at any instant of 
time. This indication is compared with the ever chang 
ing status of the character disc in the exposure zone so 
that when the selected character is properly positioned 
at this zone, the ?ash lamp 50 is energized. The image 
of the selected character is then projectedv through the 
optical system via optical assembly 42, mirror 44, lines 
46, and mirror 48 to selectively discharge the xero 
graphic drum in accordance with the optical informa 
tion. During thisv time one of the lens-mirror assemblies 
on carriage 56 is moving from right to left as seen in 
FIGS. 2 and 3 so that a series or sequence of alphanu 
meric characters may be recorded in a line substan 
tially parallel with the axis of drum 2. 
Due to the speeds involved, it is necessary to provide 

proper and uniform spacing between adjacent alphanu 
meric characters appearing in a word,’ for example. 
Since the motion of the driving chain 58 is at a constant 
velocity in contradistinction to being incrementally 
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for all characters. Therefore, the center of adjacent 
characters are uniformly spaced from each other. The 
character slits vary in their alignment with a particular 
character space. As will be noted the spacing of adja_ 
cent character slits is uniform. However, the spacing or 
the alignment between a particular character slit and its 
respective character space varies depending upon the 
position of the respective character in its respective set. 
This can be seen upon close examination of FIGS. 4 
and 5. . 

Character slit 68 associated with the space occupied 
by the upper case character A is located 0.5/52 of a 
character space to the right of the left-most portion of 
that character space. Examining the character slit 70 
associated with the space occupied by the upper case 
character M it can be seen that this slit is removed from 

. the left-most portion of that space by slightly less than 

20 
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stepped, it is possible when using prior art techniques . 
that two alphanumeric symbols separated by some dis 
tance on the'character disc 26 may be recorded se 
quentially with a spacing which would be different from 
the spacing between two projected characters which 
occupy adjacent positions on the disc 26. Expressed 
differently, since the disc 26 is continuously rotating at 
a uniform speed, the time which elapses between the 
character A, upper case, being at the exposure zone 
and the lower case Z being at the recording zone is con 
siderably greater than the time elapsing between the 
upper case A and B sequentially being presented to the 
exposure zone. Since the carriage 56 are moving con 
stantly, this difference in time means the lens-mirror 
unit ‘moves a different amount. 
As will be seen in more detail in the description of the 

electronic circuitry which controls the recording pro. 
cess, the apparatus of the present invention is designed 
to project one alphanumeric character per set of alpha— 
numeric characters. Therefore, the spacing problem is 
involved each time it is desired to sequentially record 
any two characters. . 7 

However, the present invention solves this problem 
by utilizing character slits shown best in FIGS. 4 and 5 
to which reference is now made. As shown there, each 
slit is on a radian of disc 26 and extends'from the pe 
riphery of disc 26 a short distance toward the center of 
the disc. Each alphanumeric character in the area 28 
is centered in a character space which is uniform in size 
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one-fourth of the width of that character space. In FIG. 
5 the charqcter slit 72 associated with the lower case 
character M is shown to be removed approximately 
three-fourths the width of a character space from the 
left-most side of the character space occupied by this 
character. Turning then to the lower case space charac 
ter Z, character slit 74 associated with that character 
is located 05/52 of a character space to the left of the 
right-most side of that space. The character slits for 
those alphanumeric characters intermediate the char 
acters previously referred to have associated with them 
similar slits which are positioned uniformly from the 
preceding slit. _ 

The changing relationship of successive character 
slits with successive characters is easily appreciated 
when it is considered that each alphanumeric character 
both upper and lower case is centered in a uniform 
sized character space. The character slits as noted pre 
viously are uniformly spaced from adjacent slits but the 
spacing of these slits is somewhat greater than the spac 
ing between the centers of adjacent character spaces. 
Therefore, in the example used in this description 
wherein each alphanumeric character set vcontains 
fifty-two symbols or characters plus one blank space‘ 
and the center of adjacent characters are spaced apart 
by a unit designated by the constant Q, the character 
slit'spacing between adjacent slits can be represented 
by Q/52 plus Q. Therefore, referring to FIGS. 4 and 5, 
it can be ascertained that if character slit 68 associated 
with upper case character A is aligned with an initial or 
zero position then character slit 70 associated with the 
character upper case M is then spaced along the pe 
riphery of disc 26 from character slit 69 by an amount 
equal to 12 (Q/52 + Q). In a like manner character slit 

7 72 associated with lower case character M is spaced 
from character slit 68 by an equal amount to 38 (Q/52 
+ Q) and character slit 74 is similary spaced from char 
acter slit 69 by an amount equal to 5l(Q/52+Q). 
Having described thev unique relationship between a 

particular character slit and its respective character 
space with which it is associated, the function of these 
character slits in accordance with the present invention 
will now be described. As noted hereinabove, the vari~ 
ous slits referred to, the character slits and slits 38 on 
the character disc 26, are transparent areas in the nor 
mally opaque surface of the emulsion side of the char 
acter 26. Therefore, these slits transmit light from an 
appropriate source of constant illumination which is 

7 not shown in the ?gures but may be a conventional low 
voltage lamp. The light which is transmitted by these 
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particular slits is detected by a conventional'pair of 
photocells or photodiodes which are located inside the 
photocell assembly designated by reference numeral 
78. One photocell (referred to hereinafter as the clear 
photocell) exclusively monitors light passing through 
slit 38 while the other photocell (referred to hereinaf 
ter as 38 photocell) monitors exclusively light passing 
through the character slits. lit will be seen hereinafter 
in connection with the description of the logic control 
circuitry, slit 38 is utilized to generate ‘a signal to reset 
or clear a character counter whichfge'nerates a full 
count when the selected character is in the exposure 
zone. As can be seen from the depiction of FIG. 3, the 
photocells are located 120° from the center of the ex 
posure'zone or fro‘mthe center line 30 of the This path. 
This is done so as to remove the photocells from the ex 
posure zone so that they will not obstruct the light pass 
ing therethrough. Placing them 120° from this position 
is equivalent to their being at this position since three 
character sets are used on the character disc 26. When, 
for example, the character photocell detects character 

20 

slit 70 as shown in FIG. 4, the control logic through the . 
use of a counter, which at this point registers a full 
count, knows that the upper case character M is in the 
exposure zone. As noted hereinabove, the exposure 
zone is actually de?ned by the intersection of the char 
acter area 28 of character disc 26 and a portion of one 
of the spiral segments 36 of the optical field stop disc 
'32. As shown‘ in FIG. 4 this exposure zone may extend 
anywhere from the point represented by reference nu 
meral 80 to the point represented by reference numeral 
82. This space between these two points along a radian 
of disc 26 passing through center line 30 of the image 
path de?nes the upper and lower limits of the exposure 
zone. I 

' As will be brought out in the discussion of the logic 
circuitry, the count of the character slits determines 
precisely when the ?ash lamp 50 will be triggered. 
Since the position of character-photocell in assembly 
78 is‘?xed relative tothe center line 30 of the image 
path, the character slit associated with the particular 
character in the exposure zone which is projected by 
the light from the ?ash lamp 50 will always be in the 
same position relative to center line 30 and coincidentv 
therewith. However, because of the unique relationship 
between a particular character and its respective char 
acterslit, the position of the projected character in the 
exposure zone will vary. For example, when the flash 
lamp is triggered to project itself image of the upper 
case character A, the character itself will be to the right 
side as FIGS. 4 respective character are viewed of its 
respective character slit and of the exposure zone. In 
other words, the projected character will be closer to 
point 80 as shown in FIG. 4 than point 82. In the other 
extreme, when lower case characterZ is projected, it 
will be to the left, as FIGS. 4 and 5 are viewed, of its 
respective character slit and closer to side 82 of the ex 
posure zone than side 80 thereof. - , 

The particular function of the character slits is best 
explained in relation to actual operating parameters‘ 
within which the apparatus illustrated is capable of op 
erating. An initial factor which is fixed in value is the 
bit rate possible for transmission. over standard voice 
grade telephone lines, viz., 2400 bits/second.,Typical 
alphanumeric codes use v8 bits/character which dictates 
a maximum transmission and recording rate of 300 
characters/second. Since character _ disc '26 carries 
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8 
three character sets and one character per set is pro 
jected the disc must rotate at a rate of 100 revolutions/ 
second in order to achieve the 300 ‘character/second 
recording rate (3 characters/revolution is the maxi 
mum recording rate). For typical typewriter spacing, 
10 character/linear inch of drum surface is required. If 
84 ‘characters are desired per line then the recording 
zone limited by slit mask 6 is 7 inches. This results in 
a drive speed for chain 58 of 25 inches/second. At this 
speed, the chain, and hence the optical units attached 
thereto, will progress approximately one. character 
space during the time disc 26 moves the equivalent of 
one character set through the exposure» zone. This is re 
alized when it is considered that the chain.58 moves at 
the rate of 300 character spaces/second while disc 26 
moves one character set through the exposure zone in 
one three-hundredth of a second at the rate of 100 

revolutions/second. ‘ 

With the preceding factors and parameters under 
stood, the problem of uniform spacing or recorded 
characters can be better appreciated. Since the tangen 
tial velocity of a typical 4-inch diameter disc is approxi 
mately 1200 inches/second, one aspect of the spacing 
problem is overlap in the recording of two characters 
on the discoccurrring very close to one another, e.g., 
lower case character 2 and upper case character A. The 
amount of time elapsin'g between the projection of 
these two characters is so small as to be negligible for 
practical considerations. However, in spite of this fact, 
proper spacing of these two characters is accomplished 
in accordance with the principles of the present inven 
tion. Let the center of the exposure zone which corre 
sponds to the‘ center lines 84 and 86 in FIGS. 4 and 5 
represent a zero position. To the‘ left of this zero posi 
tion are negative values of distance and to the right 
thereof positive values. These negative and positive val 
ues relate distance of the center of a ‘character space 
from its associated character slit when that character 
slit is at'thezero position (when the lamp5>0 is ener 
gized'if it is desired to record the character in that char 
acter space). Since the position'of the character spaces 
are predetermined relative'to their character slits, a 
table of distance values can be attributed to each char 
acter in a character set. With 52 characters per set, val 
ues from 425.5 to '—25.5 can be given the characters'as 
follows: i ' 

A +255 N +125 a —0.5 
B +2.45 0 +115 b -1.5 o -14.5 
c +235 1’ +105 6 —2.5 p —15.5 
D +225 0 +9.5 a —3.5 q —1s.5 
E+2l.5 R+8.5 ¢—4.5 r~—l7.5 
F +205 s +7.5 [-5.5 s —1s.5 
0 +195 T +6.5 g -5.5 [-19.5 
H +l8.5 u +5.5 h —7.5 .1 -20.5 
1+17.5 v + 4.5 i—8.5 v -21.5 
.1 +165 w +3.5 j —9.5 w -22.5 
x +155 x +2.5 - k —10.5 x -23.5 
1. +145 Y +1.5 1-1 1.5 y —z4.5 
M +135 2 +0.5 m —12.5 2 -25.5 

These values’represent the numerator in a ratio having 
52 as the denominator so 52. the character space is di 
vided into 52 increments; As noted hereinabove, upper 
caseycharacter A has its character slit 68 aligned with 
the left-most edge of its character space. Therefore, the 
center of this character is 255/52 of a character space 
from its character slit in a direction previously defined 
as positive. Similarly, the lower case character 2 is 
given a value of —25.5'/52. Therefore, if the sequence 
of characters is “zA”, the distance between'these two 
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characters on the drum 2 must be equal to one charac 
ter space. If it ‘is less than this amount, the recorded 
characters will overlap; if greater than this amount, the 
spacing between the recorded characters will be incor 
rect. This can be expressed by the simple equation: 
DA — D, + d = l (where d = distance traveled by the I 
lens-mirror assembly). 
which translates when using the above table to: 
(+ 25.5/52) .— (~25.5/52) + d= +51/52 + 1/52 = 52/ 
52 == 1 ~ 1 

In the sequence such as “Az“, it can also be demon 
strated that there will be only one character space be 
tween characters on the drum 2 as follows: 

Again using the above Table, D2 = 25.5/52 and DA = 
25.5/52. In this particular sequence one character 
space is moved by the chain 58 per passage of a charac 
ter set through the exposure zone. Therefore d will be 
equal to 52/52 or one character space, as the character 
set including the blank character space containing the 
projected character A’passes the exposure zone, plus 
another amount of 51/52 required to move the second 
character set through the exposure zone to bring the 
lower case character 1 thereto. So d will equal (52/52 
+ 51/52) and the three term equation translates to: 

(—25.5/52) — (+25.5/52) + (52/52 + 51/52) =1 

(—-5l/52) + (lO3/52) = 52/52 =1 

This demonstration with the two sequences of charac 
ters ‘establishes the effectiveness of the character slits 
in insuring that the space is substantially uniform be 
tween the recording of any two characters in the set re 
gardless of the distance separating their stencils on the 
character disc. I 
With the explanation of the character disc and the 

function of the character slits therein given above, it 
can be appreciated that since the exposure zone is actu 
ally two‘ character spaces wide, something must insure 
that only one character is projected at a time. As FIGS. 
4 and 5 are viewed, it can be seen that two characters 
are usually in the exposure zone between points 80 and 
82 with the ex‘ception'of the ?rst and last characters of 
the sets. In order to eliminate the possiblity ‘that two 
characters will be projected, optical ?eld stop disc 32 
is employed. Its utilization can best be seen with refer 
ence to FIGS. 3, 4 and 5 which show the relationship 
between the two discs. Disc 32 rotates in a direction as 
indicated by the arrow and has its rotation synchro 
nized with that of the character disc so that one of the 
spiral segments 36 passes through-the exposure zone 
coincidently with the passage therethrough of one of 
the character sets on disc 26. This is evident from the 
positions of the discs as depicted in FIG. 4 or 5. While 
FIGS. 4 and 5 do not show two characters in the expo 
sure zone, it can be pictured when the character disc 
is advanced so that,'for example, upper case characters 
A and B are in the exposure zone together. In that situ 
ation, the optical field stop disc 32 would block charac 
ter A’s projection and permit the projection of charac 
ter B via transparent segment '36. 
From a consideration of FIGS. 4 and 5, it can seen 

that the same movement of the characters within the 
exposure zone as delimited by sides 80 and 82 therof 
can be accomplished by a single disc 200, illustrated in 
FIG. 7, which disc combines the features of both the 
disc 26 and 32. To this end, the A of FIG. 4 when in its 
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10 
correct position (i.e. between the center line 84 and the 
side 80) could be transferred from the character disc 
26 to the aperture disc 32 in exactly the orientation 
shown. Each successive character, therefore, B, C, etc., 
could be also placed on the aperture disc when in its 
correct position as it moves through the exposure zone. 
As will be appreciated the resulting character set 
formed on the aperture disc will follow the spiral seg 
ment 36 thereby resulting in a spiral segment 202 con 
taining a complete set of characters as shown in FIG. 
7. The other spiral segments would be formed in the 
same manner. 
The resulting spiral segments each have a radius from 

the center of the disc 200 which corresponds to the 
equation: 

where R is the radius of a segment measured from the 
center of the disc 200, R, is the shortest radius of the 
segment as mesured from the center, K is a constant 
and 6 is the angle subtended by R and R0. A set of char 
acter slits 204 for each character set is positioned on 
the disc 200. Unlike the slits of the disc 26, the slits 202 
arepositioned in exactly the same position relative to 
their associated character spaces. 
As shown, the same amount of area, i.e., that occu 

pied by two characters, is required for illumination by 
the ?ash lamp 50. Accordingly, a ?xed aperture struc 
ture 208 having an aperture 210 disposed in the expo 
sure zone will prevent adjacent characters from being 
partially projected. 
Now that the mechanical aspects of the apparatus de 

picted in FIGS. 1 to 5 have been described, one facet 
of this apparatus will be explained which lends it the ca 
pability of very high speed recording. This capability is 
partially due to the role played by the moving optical 
system comrised of the lens-mirror units including lens 
46 and mirror 48 attached to the drive chain 58 via 
members 49 and 56. However, by itself this optical sys 
tem could not achieve the ultimate speed capability but 
in cooperation with the collimating optical assembly 42 
it is all possible. ~ 

The recording zone in a typical recorder may be ap 
proximately seven inches long and is de?ned bythe 
opening in the slit-mask 6 in the direction of the drum ‘5 
axis. The spacing of the lens-mirror units is such that 
the distance between the focal paths in the plane of the 
slit mask of the two units closest to the recording zone 
is exactly equal to the dimension of the slit mask’s 
opening measured in the direction of the axis of the re 
cording drum 2. In other words, viewing FIG. 2 of the 
two lens-mirror units intercepting the collimated image 
projection re?ected by mirror 44 the one on the left is 
focusing whatever character is being projected onto the 
slit mask and the one on the right is just focusing the 
same character image through the slit mask’s opening 
and onto the drum surface. In exactly this manner dead 
time between the recording of adjacent lines of alpha 
numeric information is eliminated or reduced to such 
an in?nitesimal amount that in practice it is on 
existent. Consequently, as the lens-mirror unit on the 
left completes the recording of one line of information, 
the unit on the right is just beginning the next line of in 
formation. From this explanation it can be appreciated 
that the spacing of the lens-mirror units on the drive 
chain is somewhat critical. 
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It is helpful in the discussion to refer back to the pa 
rameters offered to show a practical environment of 
the’ recording apparatus. In theexample being used, the 
lines of alphanumeric information recorded have a ver 
tical density of six lines per inch. Therefore the drum 
must move through the recording zone at approxi 
mately 0.625 inches per second." ‘ ‘ I’ 
As noted hereinabove, the spacing of the lens-mirror 

units alone is not enough to insure this high speed and 
non-existent dead time between successive line record 
ings. The collimated character projection is also impor 
tant. From the abovediscussion of the precise spacing 
of these lens-mirror units, it is essential that each lens 
46 focuses the same character being projected at that 
instantof time. This is made possible by utilizing ‘Huy 
gens’ theory that the wave front of light emission can 
at any future time be determined by assuming that 
every point ‘on a given wave front acts as the center of 
a new disturbance emanating from that point. In other 
words, a new wave front can-be found by treating each 
point of theold wave front as a new source of light from 
which a secondary wavelet emanates in all directions. 
Therefore, when the light emitted by ?ash lamp 50 is 
collected and translated by the optical arrangement 54, 
which includes conventional condenser or collector 
lenses, through the transparent character shaped area 
in the exposure zone, that wave front so shaped by the 
transparent area includes a multiplicity of individual 
light'sources corresponding to the points of the charac 
ter’s area. These light sources radiate light in all direc 
tions but the collimating assembly 42 acts to collimate 
it'so that many images of the projected character are 
focused at infinity by this assembly 42. By means of 
mirror 44 andlenses46, two of these images are inter 
cepted and. focused by the two lens-mirror units asone 
leaves and one enters the recording zone. _In this man-v 
ner, the projected character image is instantly available 
to the unit on the right as the next line is being recorded 
immediately after the preceding line ‘5 recording. was 
completed.‘ ' ' 

‘ I-Iavng described the mechanical aspects of the pres- 
ent invention and the function of the character slits, 
reference will now be made to FIG. 6 which schemati-V 
cally' depicts the logic circuitry employed to control the 
recording process. As noted hereinabove, the appara 
tus of this invention can be used on the receiving 'end 
of a standard voice grade telephone link over which is 
transmitted coded groups of binary bits representative 
of information or data as well as various control words.v 
Such bit groups are received by the circuit of FIG. 6 at 
an input terminal 3 which serially supplies these bits to 
the input of a conventional shift. register 5 and to a con 
ventional clock bit recovery circuit 7.-The latter pro 
vides suitable recovered clock pulses to a counter 9 of 
conventional'design which has a full count-capacity 
equal to the number ofbits employedto represent a 
particular alphanumeric character. In the particular ex 
ample used in this description, eight bits have been re 
ferred to as constituting a bit group._' Circuit 7 also 
supplies these recovered clock pulses to the shift input 
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in the shift register 5. Code words such as SYNC and 
START aredecoded by this conventional detector cir- ‘ 
cuit 13 which may be comprised of various gate combi 
nations as is well known in the art. As shown in FIG. 6_, 
the two outputs of the detector 13 are labeled “Start" 
and “Sync”. Each of these outputs will be energized 
when the proper word is detected as being stored in the, 
shift register 5. ' 1 > 

In addition to the parallel output to the detector 13, 
shift register 5 also has a‘ parallel output to a conven 
tional eight stage digital register 15 which, in turn, has 
parallel outputs to another identical register 17 and so 
on until an'eighth‘ such digital register 19 is reached. 
These registers serve as a very short-buffer for the code 
groups before and during the recording process. 
Before the actual receipt of coded information is de 

scribed, a description of the link between the logic cir 
cuit of FIG. 6 and the mechanical side of the recording 
apparatus will be given. As was described in connection 
with FIGS. 1, 2, and 3, photocell housing 78 houses two 
photodetectors referred to as a clear photodetector and 
a character photodetector which detect the presence of ' 
slits 38 and the character slits, respectively, of the char 
acter disc 26. These two photocells or photodetectors 
are'coupled to suitable ampli?ers 21 and 23, respec 
tively, via input terminals 25 and 27 associated there 
with. 4 t 

The character photocell and ampli?er 23 provide a 
signal each time one of the character slits passes the 
photocell. This signal constitutes what will be referred, 
to as simply a clock pulse, in distinction to the recov~ 
eredclock pulse. Such a clock pulse is supplied to 

' many sub-systems of the circuit of- FIG. 6. The charac 
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of the shift registerS which shift the bits: of the bit , 
group thereinto. In addition to the shift register 5 and 
the counter '9, the recovered clock pulses are also pro 
vided as an input to gate 11. - . . 

As for the detector, these pulses actually serve to en 
able an input gate in the detector 13 so that the detec 
tor can decode certain code words temporarily stored 
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ter counter 29 receives them to index its count.>ln_addi 
tion, the flash lamp trigger gate 31_and the register load 
circuits 33 receive these clock pulses to respond in a 
particular manner to be vdescribed hereinafter. 
The clear photocell and amplifier 21 provide a clear 

signal indicative of each time one of the slits 38 on the 
character disc passes housing 78.‘ These signals serve 
many roles, one of which is to clear or reset the charac 
ter counter 29 to its initial condition, for example, zero. 
The eight logic gates represented by block 35 are en 
abled by a delayed clear signal, which permits the com 
plement of the contents ‘of the eighth register 19 to be 
loaded into the character counter 29. In addition, these 
clear pulses or signals serve as one input to gate 37 and 
to set ?ip-?op 39 for purposes'to be described hereinaf 
ter. 1 a 

In continuing this description of the links between 
the mechanical apparatus and the logic control circuit 
of FIG. 6, reference must be made to output terminal 
41 which, via an inverter 43, couples the output trigger 
signal generated by trigger gate 31 to the ?ash lamp 50 
previously referred to in connection with the descrip 
tion of FIGS. 1 and 2. Also, mention is appropriate of 
output terminal 45 which is coupled to suitable control 
relays initiating particularv sub-systems in the xero 
graphic processarea such as the pre~exposure corotron 
and xerographic drum drive thereby preparing the pho 
toreceptor for the recording step as well as other drive 
for the chain, 58v and discs 26 and 32. > 

In operation, the circuit of FIG. 6 receives sync bit 
groups ?rst which are shifted into-shift register 5, de 
tected by detector 13, and indicated as a pulse to an in 
sync circuit 76 which may be of any suitable design to 
monitor a sequence of received sync pulses. An in sync 
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condition is indicated by a signal at terminal 51 which 
can be coupled to other circuits responding to such a 
condition. This in sync signal is provided to reset all the 
flip-flops included in the register load circuits 33 as 
well as flip-flops 55 and 57. By way of inverter 59 cou 
pled to terminal 51, an inverse signal of opposite polar 
ity to that of the in sync signal is supplied to reset flip 
flop 61. Practically, this means that once the recording 
apparatus reaches an in sync condition, the flip-?ops 
mentioned above as being coupled to terminal 51 are 
placed in an initial reset condition. . 

After this in sync condition is reached, a START 
word is transmitted to the recorder which, like the 
SYNC words, is shifted into shift register 5 and de 
tected by detector 13. It should be noted that because 
of the design of the logic controlling the loading of the 
eight digital or buffer registers, none of‘ the SYNC 
words are initially translated to these registers from the 
shift register 5. The same is true for this ?rst START 
word. However, this ?rst start word does act to enable 
gate 1 1 and, upon the trailing edge of the output signal 
therefrom, places flip-flop 55 in a set condition. This 
occurs on the trailing. edge of one of the recovered 
clock pulses. However, due to the propagation time. in 
herent in the flip-?op 55, gate 63 remains disabled. As 
noted before in connection withoutput terminal 45, 
this first START word is required when a xerographic 
recording medium is utilized to permit preparation of 
the xerographic process stations. In addition, the level 
at output terminal 45 is also used to begin the chain 
drive which moves the lens-mirror units throughthe re 
cording zone. 

After the ?rst START word, additional SYNC words 
may be transmitted and then the second START word 
is sent. This word is decoded by detector 13 and gate 
11 is once again" enabled. However, since the reset 

‘input of flip-flop 55 is wired directly to ground poten 
tial, the output of gate 11 has no effect on its set condi 
tion'in which it remains. But the enabling of gate 11 
does effect the enabling of gate 63 and, upon the trail 
ing edge of the pulse at its output, ?ip-?op 57 is set. 
This generates a high level signal at itsset output which 
enables one input of gate 65. , ' ‘ 

‘ The other inputs to this gate 65 originate from the 
counter 9, character photocellampli?er 23, and latch 
67 Consisting of gates 69 and 71. The first two of these 
inputs can be considered at a high level. As forthe 
latch, its gate 69 monitors two inputs; one from counter 
9 and the other from gate 71. This second gate 71 mon 
itors the output of gate 69 and the reset output of flip 
flop 53 in the register load circuit 33 which controls the 
‘loading of the second buffer register 17.Since ?ip-?op 
53 is initially in a reset condition by action of the in 
sync signal, it supplies a high level signal to gate 71. 
The results of these inputs on latch 67 is to provide a 
high level signal to gate 65 to be translated into a trail 
ing edge'by gate 65 and inverter 73 thereby setting flip 
flop 61. A high level condition is then created at the 
output side of inverter 75, the input of which is coupled 
to the output of gate 77. This high signal is sufficient to 
enable the loading of the first buffer register 15- with 
the contents of shift register 5. This would be the, ?rst 
character after the second START word. 
Before detailing the action of the register load cir 

cuits.33, it may be helpful to briefly describe their func 
' tion. Once a word is loaded from the shift register 5 
into the ?rst buffer register 15, the loaded word then 
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effectively “slides” through the buffer register until it 
reaches the last, or eighth register in the example of 
FIG. 6, or an empty register immediately “upstream" 
from a loaded or full register. How this is accomplished 
will now be described. For simplicity and ease of under 
standing the circuit of FIG. 6, not all of the circuits 33 
have been illustrated in the same detail as the ?rst one. 
lt is to be understood that each such circuit associated 
with the buffer registers (with the exception of register 
19) has the same design as the one detailed in FIG. 6 
in the dashed block 33. 
With the output of gate 77 experiencing a level tran 

sition from high to low, to high, the output of gate 68 
goes high and then low providing a trailing edge to the 
toggle input of flip-?op 53 thereby setting this ?ip~flop. 
This trailing edge coincides with the trailing edge of 
one of the clock pulses supplied to gate 65. With ?ip 
flop 53 set, the output of latch 67 goes low effectively 
disabling gate 65. Also, via inverter 81 coupled to the 
set output of ?ip-flop 53, a resetting pulse is supplied 
to flip-flop 61. 
Gate 83 monitors the clock pulses, the set output of 

?ip-flop 53, and an output from the next circuit 33 
“downstream”. This output comes from the reset out 
put of the ?ip-?op included in that particular load reg 
ister circuit 33. Since that ?ip-?op would be initially in 
a reset condition, this is a high level signal. "Therefore, 
with flip-flop 53 in an initially set condition, the output 
level of gate 83 goes high-low-high and, accordingly, 
the output level of inverter 85 goes low-high-low pro 
viding an enabling pulse to the second buffer register 
17 to permit the word to continue its “slide” toward the 
last of the buffer registers. This same operation contin 
ues to let the word go from one buffer register to the 
next succeeding one until it ends up in the eighth regis 
ter 19. Meanwhile, with the high-low-high sequence 
from the output of gate 83 and a high signal from gate 
77, the output of gate 79 goes low-high-low providing 
a resetting edge to the toggle input of ?ip-flop 53, 
thereby preparing it for the next received bit group at 
input terminal 3. I - 

This-same preparatory cycle is accomplished in the 
remaining circuits 33 by ‘the action of gate 83 as con 
veyed by the output therefrom which is an input to gate 
79’s counterpart in the next successivedownstream cir 
cuit 33. v 

The technique of loading the last or eighth register 19 
differs somewhat from that which has been described 
in connection with the other buffer registers. The load 
ing of this register 19 is controlled in the ?rst instance 
by gate 87 which has two inputs; from two other gates 
‘89 and 91. When either of these two gates generates a 
low level signal at its input to gate 87, then a load pulse 
will be generated by the latter to load register 19. As 
seen from FIG. 6, gate 89 monitors an output from the 
preceding register load circuit 33 which comes from 
inverter 85’s counterpart therein. In addition to this, it 
monitors the reset output of ?ip-?op 93. As will be seen 
hereinafter, this flip-flop is in a reset condition at this 
time and hence a high level signal is at one of the inputs 
to gate 89. Sincethe outputof the inverter in the circuit 
33 just upstream from the last register goes through the 
same level changes as was described in connection with 
inverter 85, that input to gate 89 will experience a low 
high-low level transition. During the high level, the out 
put of gate 89 will be low thus providing a high level 
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load pulse at the output of gate 87 effecting 
of the last register 19. - 
As the inverter in the last circuit 33 goes through the 

low-high-low sequence of level changes’, a trailing edge 
is coupled to the toggle input of ?ip-?op 95 which acts 
to set this’ ?ip-?op. This puts a high level signal on the 
input of gate 37 coupled to the set output of this ?ip 
?op 95. This gate 37 has two other inputs, one of which 
comes from the set output of the ?ip-?op in the last cir 
cuit 33. The other input is from the ‘clear photocell am 
pli?er 21. _ > 

The role of gate 37 is to indicate to ?ip-?op 93 when 
the last two‘ buffer registers are loaded so that the re 
cording'process can begin._ , 
‘This .signal from gate 37 is not translated to ?ip-?op 

93 until a character set begins its pass through ‘the ex 
posure zone previously described, i.e., a'clear signal is 
supplied to gate 37 from’ the clear photocell; At this 
point flip~flop 93 will be set and a signal will emanate 
from the set output of this ?ip-?op and be translated to 
one input of gate 97. ‘Before following through the ex 
planation of this gate and its other input, reference 
should be first made to what other events take place at 
the initiation of the signal. 
As noted hereinabove, the clear signal clears the 

character counter 29 after a predetermined time from 
which, dictated by delay circuit 99, the complement of 
register 19 is transferred or loaded into counter 29 via 
gates 35 enabled by the delayed clear pulse. 
The complement of the register 19, when once 

loaded into the character counter 29, is augmented by 
one as each character in the particular, character set 
passes through the exposure zone. The code for the 
characters is so chosen that when the counter reaches 
its full count, the character represented by the code 
word in register 19 will be ‘at the exposure zone. For ex 
ample, if the desired character to be recorded was an 
upper case character M, then its code ‘or bit group 
could be 00001101 which would have“slid” into regis 
ter 19. Upon the generation of the next clear pulse, the 
complement of- this ‘ number 11110010, would be 
loaded via gates 35 into the character counter 29;‘As 
each cha'racter'inythe ‘set passed the character photo 
cell,‘its respectivecharacter slit would be detected and 
a clockpulse generated which wouldv be supplied to 
counter 29 to increase its contents by one. Therefore, 
after 13 character slits were detected and the upper 
case character M was at the exposure zone, the con 
tents of the counter 29 would be 11111111 or‘ a full 
count. This condition would be detected by a series of 
gates represented in FIG. 6 by block 101 and indicated 
by a full count signal supplied to the trigger gate 31. 
The other inputs to this gate need be satisfied before 
the character in the exposure zone would be projected 
onto the xerographic drum 2 by lamp 50. ' 

the loading ‘ 
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One input is from ?ip-?op 103 which is set'upon the > 
coincident occurrence of two events: a signal'from ?ip- 1 
?op 93 and a high level signal from’ input terminal 105. 
This latter signal can be generated in several ways‘ and 
is used to insure that the moving optical systems will be _ 
in the right position relative to the recording zone when 
projection begins. Therefore, a microswitch or photo 
cell system can be used to insure that’when this signal 
is generated thechain 58 is in a predetermined posi 
tion. - ' '- . ' 

Another input to the trigger gate 31 is from the clock 
pulse source, character photocell ‘amplifier 23. 
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The‘ ?nal input to this gate comes from the output of 

gate 107 which monitors the reset output of ?ip-?op 39 
and the output of trigger gate 31 itself. The output of 
trigger g'ate3l' is normally high and ?ip-?op 31 is set 
by the clear pulse from ampli?er2l. ' 

‘ Therefore, all inputs to gate 31 are high thereby pro 
viding a low level signal at its output which is inverted 
by inverter 43 and translated to lamp 50 via output ter 
minal 41 as a high level signal. The upper case charac 
ter M is then projected onto the recording medium. 
When the lamp is ?ashed, a low level pulse disables 

gate 107 and triggers monostable multivibrator 109 
which, in turn,disables gate 91. Since the automatic set 
and reset inputs of the ?ip-?ops used in FIG. 6 are level 
sensitive, during the disabled condition of gate 91, ?ip 
?op 39 is reset. In addition, ?ip-?op 95 is reset. Since 
the reset output of the ?ip-?op feeds back to the next . 
preceding register load circuit 33, speci?cally as one 
input to gate 83 and the input gateassociated with the 
input of ?ip-?op 53 therein, the output of this gate 83 
goes low permitting the output of its respective gate 79 
to go high providing the penultimate buffer register 
with a loading pulse. Coincidently with this, the low 
level pulse from gate 91 also is supplied as one input of 
gate 87 thereby permitting this gate to supply the last 
reister 19 with a load pulse also so that it can accept the 
contents of the penultimate register. It may be noted 
that affirmative loading is used in the stream of buffer 
registers so that zeros can be loaded from one register 
to another without first clearing the latter. 
Before thelabove description was started using the 

upper case character M as an example, the ?rst word 
was located in the last register. Therefore, suitable de 
tecting gates can be incorporated into detector 110 
which monitors the contents of register 19. The detec 
tor also detects other control words such as SPACE, 
STOP, and SYNC. When it detects one of these words, 
it translates an inhibit signal to output terminal 41 
which effectively inhibits the energization of the ?ash 
lamp ‘even though all conditions at the input to gate 31 - 
are satisfied. _ - 

The‘foregoing discussion'related to apparatus utiliz 
ing' the disc con?guration depicted in FIGS. 3, 4, 5 and 
7. Thesencon?gurationsl‘limit the printing speed of the 
illustrative apparatus. One of the factorsvcausing such 
limitation is the smear and displacement of a latent im 
age. The smear is caused by the movement of the‘char 
acter during exposure by the ?ash lamp, and the dis 
placement is due to the tolerances‘ in timing the occur 
rence of the ?ash. Both of these problems are related 
to the speed of the character disc. The ‘exposure of par 
allel sets of character tracks would permit higher print 
ing rates while keeping the disc speed within the toler 
ances imposed by the above limitations. 
Turning now to FIG. 8, there is shown therein a char 

acter disc 300 in accordance with the principles of this 
invention which permits the simultaneous projection of 
vparallel lines of characters. As'shown in FIG. 8, the 
character disc includes a set of concentric'character 
tracks 302, illustratively three. A separate-?ash lamp is 
utilized to expose each character track and the ?ash 
lamp optical system is aligned so that at any point in 
time each lampgwill illuminate the same character in 
each of the character tracks. A ?xed aperture structure 
304 with apertures 306 for each. track is also used to 
prevent illumination of adjacent characters in the same 
set. The remainder of the optical system is the same as 
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that described above with the exception that the lenses 
and mirrors must be made larger to accommodate the 
increased ?eld of view. 
The character disc and optical system are aligned 

such that each lamp will project a character onto the 
photoreceptor surface and will be spaced one line from 
the character projected from the adjacent character 
track. This allows adjacent lines to be projected and 
printed simultaneously.- Although adjacent lines are 
being printed simultaneously, the printing of character 
positions is staggered columnwise as shown in Table I. 

TABLE I 

Character Position 

Flash Time Line 
.1 1 X 

2 
3 

2 l XX 
2 . 

3. 
3 1 XXX 

2 
3 . . 

4 l XXXX 
' 2 X 

3 
S l XXXXX 

2 XX . 
3 

6 l XXXXXX 
. 2 XXX 

. 3 _ . 

7 l XXXXXXX 
2 XXXX 

. 3 X 

8 1 XXXXXXXX 
- 2 XXXXX 

3 XX 
9 -l XXXXXXXXX 

2 XXXXXX 
3 XXX 

It should be noted that the character tracks on disc 
300 are shown to have a spacing of two trackwidths. 
This allows a tolerance in the illumination of the char 
acter area. If it is found that this tolerance is not 
needed, then the tracks can be separated by one width. 
This will allow the character position printing sequence 
to be position 5, line 1; position 3, line 2; position 1, 
line 3 instead of position 7, line 1; position 4, line 2; po 
sition 1, line 3; as shown in Table 1. It should also be 
noted that while only three tracks have been shown on 
disc 300, this is not meant to limit the possibilities of 
having more lines projected simultaneously by adding 
more tracks. ‘ 

In order to accommodate the simultaneous printing 
> of a plurality of lines, the logic- circuitry schematically 
depicted in FIG. 6 must be reproduced as many times 
as there are lines that are going to be printed simulta 
neously. Each flash lamp requires a separate circuit of 
the type shown in-FIG. 6. In addition, the transmitter 
must be designed to'transmit as many lines of data as 
are required for the simultaneous printing and circuitry 
must be added to shift the incoming information to the 
circuitry for the proper ?ash lamp This additional cir 
cuitry has not been shown because‘ its implementation 

20 

25, 

30 

35 

45 

60 

65 

18 
would be obvious to one skilled in the art. 
The above description of a high speed alphanumeric 

recording apparatus in accordance with the principles 
of the present invention ful?lls all the desirable require 
ments of a high speed recorder that meets the standard 
typewriter quality and versatility. 
While the foregoing description has referred to opti 

cally detectable slits in the character disc 26, other de 
techable indicia may be used, for example, conductive 
areas, embossed areas, or any other type of readily de 
tectable opaque or index. 
While the invention has been described with refer-' 

ence to a preferred embodiment, it will be understood 
by those skilled in the art that various changes may be 
made and equivalents may be substituted for elements 
thereof without departing from the true spirit and 
scope of the invention. 
What is claimed is: 
1. Character projection apparatus comprising > 
a character disc having a plurality of pattern areas ar 
ranged in concentric spiral con?gurations relative 
to the center of said character disc, each pattern 
area including a set of uniformly spaced and sized 
opaque character spaces each having centered 
therein a transparent alphanumeric character 
shaped area, I 

a corresponding plurality of selectively ?ashable light 
sources disposed adjacent one surface of said disc, 

'means adjacent the opposite surface of said disc for 
collimating illumination passing through said disc, 

means for focusing said collimated illumination to 
project said characters of said disc onto a light re 
sponsive recording medium, and 

means for moving the ?rst character space of each of 
said pattern areas past a corresponding light source 
at a ?rst ?xed position relative thereto and the last 
character of said each pattern area past said corre 
sponding light source in a second position contigu 
ous said first position. I 

2. The apparatus of claim 1 further including a sta 
tionary aperture for preventing projection of more than 
one character at a time from each of said pattern areas. 

3. The apparatus of claim 2 wherein the radius of 
each of said spiral con?gurations relative to the axis of 
said disc is equal to R0 + K0, 
where R,7 is the shortest radius of said each con?gura 

tion, K is a constant, and 6 is the angle subtended 
by the radius of said each spiral con?guration and 
R0; . _ . _ 

4. The apparatus of claim 3 wherein each of said pat 
tern areas includes a ?xed number of character sets ar 
ranged seriatim around the center of said character 
disc, each of said ?xed number of character sets within 
said each pattern area being in a spiral condiguration 
having common shortest and longest radii and the char 
acter sets of different pattern areas being radially 
aligned. 
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