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(57) ABSTRACT 
A printer for simultaneously printing an entire line of 
characters in accordance with information received in 
the form of binary coded characters includes a plural 
ity of discs respectively located at a plurality of 
aligned print locations. Each disc has a plurality of 
type characters embossed around its peripheral sur 
face, and is rotated to successively present its type 
characters at the print location. The received charac 
ters are stored and provided with addresses corre 
sponding to the print locations. Each type character, 
as it is presented, is successively compared with all of 
the stored characters, and the disc at each location 
which corresponds to the address of a stored character 
that compares with the presented type character is 
stopped from further rotation to maintain the corre 
sponding presented type character thereon at the print 
location. After all the discs have been stopped, all of 
the selected type characters at the aligned print loca 
tions are simultaneously impacted with a print receiv 
ing surface to transfer the entire line of print thereto. 

26 Claims, 8 Drawing Figures 
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LINE PRINTER WITH RECIRCULATING LINE 
STORE AND LINE PRINT MEMORIES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to devices for converting elec 

trical signals into a readable format and, in particular, 
to an impact printer for simultaneously printing a line 
of printed characters in accordance with information 
received in the form of digital electrical signals. 

2. Description of the Prior Art 
Due to the rapidly increasing use of computers in re 

cent years, a great need has developed for a printer ca 
pable of economically transforming electrical signals, 
such as from digital computers, into a readable printed 
format. Economy in this area can best be realized by 
maximizing the rate at which the printer can operate 
and by reducing equipment cost. The factor which im 
poses the greatest limitation on the efficient use of 
computers is the long readout time, the time it takes for 
the computed information to be put into a readable 
form, relative to the computation time. Similarly, the 
cost of data transmission, over telephone lines for in 
stance, is directly proportional to the time that the lines 
are in use which, in turn, is directly proportional to the 
time it takes to receive and print the transmitted infor 
mation. Thus, there is a great demand for a cheap, reli 
able and fast printer. Unfortunately, up until now, this 
demand has not been met. Presently, printers are either 
slow, unreliable or prohibitively expensive for most ap 
plications. 
One of the first attempts at reducing readout time 

consisted of modifying the standard teletypewriter, 
which prints one character at a time, so that it would 
operate at faster speeds. These attempts have met with 
only minor success due to the inherent time limitations 
imposed by successively impacting one character at a 
time against the print receiving material. This duplica 
tion of impacting motion reduces the efficiency of the 
printing mechanism, inherently makes the printer 
noisy, causes excessive wear to severely limit the oper 
ating life and reliability of the printer and, as stated, 
limits the maximum operating speed at which the 
printer can operate. 

In an attempt to resolve these problems, a variety of 
so-called electromechanical 'line printers' have been 
developed which simultaneously print a plurality (but 
less than a full line) of characters. One known printer 
of this type comprises a rotating drum having a matrix 
of type characters embossed around its cylindrical sur 
face. As the drum rotates, identical characters are suc 
cessively presented at each of a plurality of print loca 
tions. A print hammer adjacent each of the print loca 
tions impacts the print receiving material such as pa 
per, against selected ones of the characters as they are 
presented. For example, as the letter "A" is presented 
at all the print locations, selected ones of the printer 
hammers, such as the first and thirteenth print hammer, 
are actuated to impact the paper against the presented 
type letter "A." The same action occurs as the letter 
"B" is presented, and so on until the drum has made a 
complete revolution and all of the characters are 
printed. 
Using this approach, the operating speed may be in 

creased somewhat, but the aforementioned problems 
with regard to single-character printing remain, and 
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2 
some new problems are created. First, the mechanism 
is made much more complex and, thus, more prone to 
failure, by the provision of a plurality of independently 
actuated print hammers for each of the print locations. 
The duplication of impacting motion is not reduced by 
this approach, but rather, is simply distributed over a 
plurality of print hammers. Finally, due to the fact that 
the print hammers impact the type characters 'on the 
run,' precision timing is essential. The coil dynamics of 
the print hammers are critical to obtaining a uniform 
and readable line of print, for the print hammer must 
impact the selected character on the character drum 
the instant that the character is precisely aligned with 
the theoretical base line for each line of print. Further 
more, these critical timing requirements require highly 
sophisticated control circuits which make the printer 
unduly expensive. 
Another approach of solving the operating speed re 

quirement has been to make the "printer' action en 
tirely, or almost entirely, electrical. One known ap 
proach along this line has been to use a television pic 
ture tube to display the characters. A rapid operating 
speed is easily achieved, but the displayed data is, of 
course, not very portable, multiple copies cannot be 
provided and, again, the required use of sophisticated 
control circuits make such a display unit inherently ex 
pensive. 
Another known printer uses the basic approach as in 

a television picture tube display by spraying ink, rather 
than electrons, through controlled deflection magnets 
onto the paper. The deflection magnets deflect the ink 
particles to form the desired characters, but due to the 
excessive power and critical timing requirements, only 
one character can be sprayed onto the paper at a time 
for all practical purposes. One of the major drawbacks 
in such an ink spraying approach is that carbon copies 
of the printed material cannot be made. Also, such a 
unit has stringent specification requirements with re 
gard to timing, power, ink temperature, etc., which 
make it prone to failure and, again, inherently expen 
SWe. 

SUMMARY OF THE INVENTION 

The improved printer of the present invention over 
comes the disadvantages of the prior printers noted 
above in a novel and simple manner. In the present 
printer, a plurality of identical discs, each of which car 
ries an ordered sequence of type characters around its 
peripheral surface, are simultaneously rotated to suc 
cessively present the type characters thereon at aligned 
print locations. A printer control receives information 
in the form of electrically coded characters, stores a 
plurality of received characters corresponding to a line 
of print, and provides an address corresponding to a 
print location for each of the stored characters. After 
a complete line of characters is stored, they are com 
pared with eacy type character as it is presented at the 
print location, and the character discs at the locations 
corresponding to the addresses of each stored charac 
ter which compares with the presented type character 
is stopped to maintain the type character thereon at the 
print location. After all of the discs have been stopped 
with their respective selected type characters at the 
print location, the print receiving material is simulta 
neously impacted against the selected type characters 
at the print locations to transpose the entire line of 
print thereto. After the line has been printed, the discs 
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are again rotated and selectively stopped until the char 
acters on each of the discs are in a preselected align 
ment. During the time that the line of characters is 
being selected a new line of coded characters may be 
received and stored, so that after all the discs have been 
positioned into their preselected alignment, selection 
of a new line of characters may commence immedi 
ately. 
Thus, a principal feature of the printer is that an en 

tire line of selected type characters are first maintained 
at respective print locations and then simultaneously 
impacted with a print receiving material, so that the 
aforementioned problems due to critical timing and 
wear requirements are either entirely eliminated or 
substantially reduced. 
Another important feature of the unique printer of 

this invention is that the provision for first selecting and 
then simultaneously printing all the characters of a line 
of print allows for a much simpler and, thus, much 
more reliable printer control circuit and printer mecha 
nism. 
Yet another feature of the improved printer of this 

invention is the provision of simultaneously printing an 
entire line of characters substantially reduces the 
printer operating noise. 

Still another feature of the printer is the provision of 
means for detecting reception of an erroneous charac 
ter and for storing and printing an error character in its 
place. 
A further feature of the invention is the provision of 

a code disc synchronized with the rotation of the char 
acter discs, and means for detecting the code thereon 
for indicating to the printer control which type charac 
ter is being presented. 

Still a further feature of the invention is a means for 
detecting a control function character representing the 
end of a line of print, and means for selecting the ap 
propriate type characters and actuating the printer to 
print the selected type characters in response thereto. 
Yet a further feature of the printer is the provision of 

a means for automatically actuating the printer to se 
lect the appropriate type characters and print the se 
lected type characters when the maximum storage ca 
pability of the printer control has been exhausted so 
that subsequently received characters will not be lost. 

Still another important feature of the printer is the 
provision of a recirculating memory for storing an en 
tire line of received characters. 
Yet another important feature of the invention is the 

provision of a means for indicating to the printer con 
trol when all of the selected characters are at their re 
spective print locations. 
A further important feature of the invention is the 

provision of a means for indicating when all of the discs 
have been positioned with the type characters thereon 
in a preselected alignment so that selection of a new 
line of characters may commence. 

Still another feature of the invention is that the discs 
are disengaged from their rotary driving means when 
all of the characters are in the preselected alignment 
and a new line of characters to be selected is not being 
stored. 
One more feature of the invention is that the code 

disc and character disc may be easily changed to allow 
the printer to receive information in different codes 
and to print different characters. 
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4. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further features and advantages of the invention will 
be apparent from the following description taken in 
connection with the accompanying drawings, in which: 

FIG. 1 is a front view, partially in section, of a pre 
ferred embodiment of the printer mechanism showing 
the arrangement of the character discs and the code 
disc, 

FIG. 2 is a view, partially in section, of the left side 
of FIG. , showing the character discs, the disc selector 
mechanism, the print locations and the impact printing 
bar, 
FIG. 3 is a front view of the clutch drum with several 

character discs mounted thereto; 
FIG. 4 is a side view of FIG. 3 showing the location 

of the reset and character selection mechanisms and 
the character code disc, 
FIG. 5a is a block diagram of a portion of a preferred 

embodiment of a control circuit for the printer mecha 
nism of FIGS. 1-4; 
FIG. 5b is a block diagram of the remaining portion 

of the control circuit for the printer mechanism of 
FIGS. 1-4, the first portion of which is shown in FIG. 
Sa, 
FIG. 6a is a circuit logic diagram of the portion of the 

printer control circuit shown in block form in FIG. 5a, 
and 

Flg. 6b is a circuit logic diagram of the portion of the 
printer control circuit shown in block form in FIG. 5h. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

As previously explained, the line printer of this inven 
tion comprises a printer mechanism which performs 
the actual printing function and a printer control which 
control the printer mechanism in accordance with re 
ceived information. Exemplary embodiments of the 
printer mechanism and the printer control are respec 
tively shown in FGS. 1-4 and FIGS. 5-6 and will be de 
scribed in that order. 

Referring first to FIGS. 1 and 2, the printer mecha 
nism or printer 20 includes a plurality of type character 
carrying members or annular character discs 22-n (n 
equals l through N, N being the total number of char 
acter column locations in a full line of print, such as 72) 
respectively located adjacent a plurality of aligned 
print locations 28-n. Each character disc 22-n carries 
a plurality of print or type characters 24 embossed 
around its outer peripheral surface which are succes 
sively presented at the print location 28-n of that disc 
as it is rotated about its major axis. 

In the preferred embodiment, the character carrying 
members 22-n comprise annular discs, but it should be 
understood that any shaped members capable of carry 
ing and presenting a plurality of embossed characters 
could be used. For example, the characters could be 
embossed on the surface of a closed loop which is 
driven past the print locations. Also, typically, all of 
character discs 22-n are identical, each disc carrying 
the same characters in the same order around its pe 
ripheral surface, but, for purposes of receiving crypto 
graphic messages for example, each of the discs might 
be different. 
The print characters 24 for most applications are the 

standard characters found in most typewriters, such as 
all of the upper and lower case letters of the alphabet, 
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numerals 0 through 9, all of the punctuation marks and 
a character space. However, any symbols could be 
used. For example, the printer might be used to trans 
mit weather maps or the like, in which case the charac 
ters would comprise weather symbols. 
A cylindrical clutch drum 29, extending through the 

annular opening 38 of each of character discs 22-n and 
frictionally engaged therewith, provides the rotary 
drive for discs 22-n which rotate therewith. As shown 
in FIGS. 3 and 4, a set of four clutch fingers 40, 
mounted to clutch drum 29 and extending in a substan 
tially tangential relationship to cylindrical surface 42, 
resiliently and frictionally engages the inner surface of 
the annular opening 38 of each of character disc 22-n. 
Axial shaft 44 of clutch drum 29 is axially coupled to 
gear 55 (FIG. 2), which is driven in rotation by motor 
46 through gear 53, pulley wheel 51, drive belt 50 and 
disc drive clutch 48 in an obvious manner whenever 
drive clutch 48 is engaged by the printer control. Dur 
ing intervals when the printer control does not have a 
complete line stored, the printer control disengages 
disc drive clutch 48 to allow motor 46 to idle, to con 
serve power. 
However, upon reception of a complete line of char 

acters, disc drive clutch 48 is engaged to initiate pre 
sentation of type characters 24. Also, upon reception 
of a complete line of characters, a line feed clutch (not 
shown) or any like suitable mechanism is engaged to 
rotate printing bar or printing roll 34 in a direction indi 
cated by curved arrow 35 to advance the print receiv 
ing material on paper 36 to a new line. 
A character code disc 52 axially mounted to clutch 

drum 29, and extending between light source or lamp 
56 and photodetectors 54, is provided to detect and in 
dicate to the printer control which of print characters 
24 is being presented at print locations 28-n. As shown 
in FIG. 4, character code disc 52 carries a plurality of 
circumferentially located character codes 61 in the 
form of code holes 57 at preselected ones of a plurality 
of radial locations. Code disc 52 rotates with clutch 
arm 29 so that as each print character 24, which is not 
on a character disc 22-n that has been stopped, is pres 
ented at its print location 28-n, the character code 61 
corresponding to that presented character 24 is posi 
tioned between lamp 56 and photodetectors 54 and de 
tected thereby. Those photodetectors 54, which are ad 
jacent a location at which a code hole 57 is present, are 
energized by the light from lamp 56 passing there 
through and those adjacent a location at which a code 
hole 57 is not present are not energized. A unique com 
bination of code holes is provided for each presented 
character, and, thus, the collective state of photodetec 
tors 54, which are electrically coupled to the printer 
control, give a unique indication to the printer control 
of the character being presented. Code disc 52 also car 
ries a clock code hole 59 which is presented to a clock 
pulse photodetector 58 during presentation of each of 
the character codes 61. Clock photodetector 58 gener 
ates a clock pulse which enables the printer to make a 
selection which will be explained in more detail herein 
after. 
A character selector mechanism 27 mounted adja 

cent each of character discs 22-n at various circumfer 
ential locations 33 is provided to stop character discs 
22-n as the type characters 24 thereon corresponding 
to the received characters are presented. Selector 
mechanisms 27 comprise a solenoid selector coil 35 
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6 
coiled around a push member 31 in mechanical en 
gagement with a pivotal mounted character stop mem 
ber or pawl 30. During presentation of each type char 
acter 24, as indicated by photodetectors S4, it is com 
pared with an entire line of received characters stored 
in the printer control. If the presented character as in 
dicated and the stored character at any location com 
pare, the selector coil 35 at that location is energized 
and kept energized until all of the other selector coils 
have been similarly energized and the line has been 
printed. Upon energization of selector coil 35, push 
member 31 is pushed against pawl 30 which pivots into 
engagement with one of a plurality of ratchet gear teeth 
or stop surfaces 32 of character disc 22-n. Upon en 
gagement of pawl 30 with any of stop surfaces 32, the 
frictional coupling forces between the disc character 
22-n and clutch drum 29 are overcome and the charac 
ter disc 22-n stops rotating with the selected presented 
character maintained at its print location 28-n. The po 
sition of pawl member 30 relative to stop surface 32 be 
fore and after energization of coil 35 is respectively 
shown in FIGS. 2 and 4. 
Upon one complete revolution of clutch drum 29, all 

of character discs 22-n have been stopped with their 
selected type characters at print locations 22-n. This 
condition is detected by the printer control which, in 
response thereto, energizes a printing bar clutch (not 
shown) or other suitable mechanisms to impact print 
ing bar 34 and, thus, paper 36 and inked ribbon 37 or 
the like against the line of presented type characters 24 
at print locations 28-n, thus, simultaneously imprinting 
the entire line of characters onto paper 36. 
As may already be understood from the foregoing, 

prior to selective stopping of any of character discs 
22-n, they must all be positioned relative to one an 
other and code disc 52, with the characters on each of 
discs 22-n in a preselected alignment in order for the 
detected character code to accurately represent a 
known set of presented characters of which some may 
be selected. In most applications, the set of presented 
characters comprises the same presented characters 24 
at each print location 22-n, as illustrated in FIGS. 1 and 
3, with all of the type characters 24, "A," “B," "C," 
etc., in alignment. If such a preselected alignment is 
used, detection of a character code 61 corresponding 
to a letter of the alphabet would indicate to the printer 
control that that letter of the alphabet was being pres 
ented at all of the print locations 28-n and could be se 
lected. 
After the line of characters 24 has been printed, all 

of the selector coils 30 are deemergized to release char 
acter discs 22-n to, once again, rotate with clutch drum 
29. At that point, type characters 24 are no longer in 
the preselected alignment and, thus, the detected char 
acter codes 16 are not representative of the predeter 
mined sets of presented characters. Thus, a reset mech 
anism, as shown in FIG. 4, is provided to reposition 
character disc 22-n with the characters on each of the 
discs in the preselected alignment. The reset mecha 
nism selectively stops character discs 22-n until type 
characters 24 are again in the preselected alignment 
desired. Each of character discs 22-n carries a reset 
stop surface 60 on its outer peripheral surface which 
extends outwardly from the center of the disc beyond 
print characters 24, as shown in FIG. 4. After all of the 
characters have been printed and pawl members 30 
have been moved out of engagement with character 
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stop surfaces 32 to release character discs 22-n with 
clutch drum 29, the printer control engages a reset bar 
clutch or other suitable device, to move a reset bar 62 
into the path of engagement 64 of stop surfaces 60 of 
all character discs 22-n. Upon engagement with reset 
bar 62, the frictional coupling forces between clutch 
drum 29 and character discs 22-n are overcome and 
each of discs 22-n stops rotating. Upon completion of 
one revolution, all of the reset stop surfaces 60 are in 
engagement with reset bar 62 and character discs 22-n 
are positioned with type characters 24 in the desired 
preselected alignment. At this point, the character 
code being detected corresponds to the predetermined 
set of characters at print locations 28-n, and the reset 
bar clutch is disengaged to move reset bar 62 out of en 
gagement with the stop surfaces 60 to allow selection 
of another line of print. 

In summary, during operation, the printer control re 
ceives electrical digital signals in the form of binary 2 
coded characters corresponding to print characters 24, 
stores a plurality of these characters corresponding to 
a complete line of print and compares the stored char 
acters with the set of presented characters as indicated 
by the photodetectors 54 and selectively stops charac 
ter discs 22-n in accordance with that comparison. 
When a line of print is stored, disc drive clutch 48 is en 
gaged by the printer control to rotate clutch drum 29. 
As clutch drum 29 rotates, character discs 22-n are se 
lectively stopped until a complete revolution of clutch 
drum 29 has been made and a full line of print charac 
ters 24 corresponding to the line of stored characters 
is present at the aligned print locations 28-n. The 
printer control then actuates a print bar clutch (not 
shown) to impact the printing bar 34 and, thus, paper 
36 against the line of selected print characters 24 at the 
print locations 28-n. The printer control then deener 
gizes or resets all of the selector coils 35 to release all 
of the character discs 22-n and engages a reset clutch 
(not shown) to move the reset bar 62 into the path of 
engagement 64 of stop surfaces 60. Upon the next com 
plete revolution of clutch drum 29, all of the character 
discs 22-n are reset, reset bar 62 is moved out of the 
path of engagement 64 and a new line of print may be 
selected. If another line of stored characters is not pres 
ent, the printer control disengages character disc drive 
clutch 48 to allow motor 46 to idle until a new line of 
characters is received. If another line of stored charac 
ters is present, the process is repeated. 
Referring now to FIGS. 5a and 5b, a preferred em 

bodiment of the printer control is shown in block form 
in which the flow of data is shown in dashed lines and 
control signals are indicated by solid lines. The data in 
the form of binary coded characters (a binary 1-state 
represented by a high voltage and a binary 0-state 
represented by a low voltage) appears on data input 
lead 100 and enters receiving register 102 in a serial 
by-character fashion with the characters entering in ei 
ther a parallel-by-bit or serial-by-bit fashion. If the 
printer control is operated in a synchronous system, a 
data input clock signal transmitted with the data ap 
pears on data input clock lead 104, in a synchronous 
system, this clock signal is provided to enable the re 
ceiver to distinguish between the various bits and char 
acters. For purposes of illustration only, the printer 
control will be described as operating in such a syn 
chronous system. 
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Two checks are performed on the incoming data as 

it is received. The first check is a receive parity check 
to verify the accuracy of transmission and reception of 
data. It is performed by a bit parity compare circuit 
block 106. Error detection by parity check involves 
transmitting each character with either an odd or even 
number of 1-state bits and then checking the received 
character to determine whether it also has the odd or 
even number of 1-state bits as transmitted. Each char 
acter comprises a plurality of information bits, such as 
seven, and one parity bit. If the information bits have 
an even number of 1-state bits, a 1-state is provided in 
the parity bit, and, if there are an odd number of 1-state 
information bits, a 0-state is generated in that parity bit, 
thus maintaining the odd parity of the seven bit infor 
mation character in the full eight bits of the transmitted 
character. 

If the bit parity compare circuit block 106 detects a 
character having the wrong parity, it generates a wrong 

O parity signal which is coupled to a character transfer/- 
error symbol enable block 108 which generates an 
error symbol enable signal at the end of each erroneous 
character in response thereto. The error symbol enable 
signal is coupled to an error symbol generator block 
110 which, in turn, transfers the code of an error sym 
bol, such as an asterisk, to a character store block 112 
in place of the erroneous character. This error symbol 
will eventually appear in the printed line at the location 
of the erroneous character and will indicate to the 
reader that an erroneous character was received. This 
feature is particularly important where an erroneous 
character could not be easily detected from the context 
of the other printed matter, as where the message com 
prises all numerals. 

If the parity is proper, the character transfer/error 
symbol enable block 108, upon completion of recep 
tion of the character by receiving register 102, gener 
ates a character transfer enable signal to enable charac 
ter transfer block 114 which, in response thereto trans 
fers the complete character in receiving register 102 to 
the character store block 112 in a parallel-by-bit fash 
ion. The character is stored in character store block 
112 on a temporary basis until it can be transferred to 
another memory, as will be explained hereinafter. 
The other aforementioned check performed on the 

received characters is provided by a line feed and print 
detect block 116. Typically, a nonprinting control 
function character is transmitted at the end of each line 
of print to indicate to the printer control that a line of 
characters has been received, a new line should be 
started and that the printing cycle may commence. The 
line feed and print detect block 1 16, upon detecting re 
ception of this control character, generates a new line 
signal which activates a character disc drive clutch cir 
cuit block 118 to engage character disc drive clutch 48 
to initiate presentation and selection of the print char 
acters, as previously explained. The new line signal also 
activates a line feed clutch circuit block 120 to engage 
the line feed clutch (not shown) associated with print 
ing roll 34 to advance the paper to a new line and, fur 
ther, enables transfer of the stored characters from one 
memory to another as will be explained in more detail 
hereinafter. 
Each character which is transferred from either re 

ceiving register block 102 or error symbol generator 
110 to character store block 112 is provided with a 
character address by character address circuit block 
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122. Character transfer/error symbol enable block 108 
generates a transfer signal to address advance/compare 
inhibit block 124 which, in turn, generates an advance 
signal to character address block 122 to provide a new 
address. 
An overflow detect circuit block 126 monitors the 

character address and, if the address reaches a prese 
lected count, such as 72, corresponding to a full line of 
print, it generates an overflow signal which activates 
the print disc drive clutch block 118 and line feed? 
clutch block 120. The overflow detect signal also 
enabes transfer of the stored characters in the same 
manner as the new line signal, and either of these sig 
nals may be considered to comprise a line transfer en 
able signal. Detection of an overflow condition is done 
to prevent loss of data which would otherwise occur if 
an overfilled line condition was presented by virtue of 
transmission of a number of characters between con 
trol function characters which exceeds the maximum 
number corresponding to a full line of print, as may 
happen where inadvertently a control character is not 
transmitted at the end of the line. 

In either case, upon detection of the control charac 
ter or upon occurrence of an overflow condition, char 
acter address block 122 is reset to a preselected start 
ing address. A manual address select block 128 is pro 
vided to allow manual selection of the address to which 
the character block 22 is reset, thus enabling manual 
selection of the left margin. This feature is quite useful 
where printed paper formats are being used which re 
quire a fixed left hand margin and results in a saving of 
transmission time by eliminating the requirement for 
'spacing over" each time a new line is started. 
As each character is stored in character store block 

112, its address, as provided by a character address 
block 122, is compared by a characterfline address 
compare block 129 with the address of a storage loca 
tion in line storage recirculating memory block 130 
(FIG. 5h), as provided by line/print address block 132. 
Any one of several types of memories would be suit 
able, but for purposes of illustration the line storage 
block 130 will be described as comprising a recirculat 
ing memory which recirculates at a rate determined by 
clock 134. Line/print address block 132 comprises a 
counter which assumes a unique count, or line storage 
character address, as each corresponding character 
storage location in line storage memory block 130 is 
presented at data input access point 136. 
Clock 134 operates at a much greater rate than the 

data input clock so that access to each storage location, 
ao indicated by the line address, is provided before the 
next transmitting character can be received. When the 
character address and the line address compare, ad 
dress compare block 129 generates a compare signal 
on output 131 to character to line store transfer control 
block 138. Transfer control block 138, in response to 
the compare signal, generates a transfer enable signal 
on output 139 which enables character store block 112 
to transfer the character stored therein to data input 
access point 136 through character output 141. Trans 
fer control block 138 also generates a transfer enable 
signal to enable line storage memory 130 to receive and 
store the character. 
Once the character is entered into the line storage 

memory, character advance/compare inhibit block 124 
gives an inhibit command to compare block 129 to pre 
vent resampling of the contents of the character stor 
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age block 12 during subsequent periods of access to 
that location. When the next character is entered in the 
character storage block 12, the character address 
block is updated by one count and compare block 129 
is again enabled so that during input access to the cor 
responding storage location indicated by line address 
circuit block 132, a new character may be entered into 
the storage location immediately following the one pre 
viously entered. 
The outputs of both the line feed and print detect 

block 116 and the overflow detect block 126 are cou 
pled together at output 137 which is connected to line 
store to line print memory transfer control block 138. 
As stated, when either the new line signal or overflow 
signal is generated, which indicates that a line of print 
has been received and entered into the line store mem 
ory, it appears on output 137 as a line transfer enable 
signal which enables the transfer control block 138 to 
transfer the line of characters to line print memory 138. 
The line storage and line print memories recirculate 
and the line print address block 132 advance, all at the 
same rate as determined by clock 134. Thus, the count 
of address block 132 simultaneously represents corre 
sponding storage locations of both line print memory 
136 and line storage memory 130, and an address com 
pare to enable transfer between these memories need 
not be provided. 

After all of the coded characters previously stored in 
line storage memory 130 are transferred to line print 
memory 136, the actual printing cycle begins. The 
characters in line print memory 136 successively ap 
pear at line print character compare register block 140 
and are compared with the presented characters 142, 
as indicated by character code disc or presented char 
acter detect block 44, by presented/stored character 
compare block 146. To avoid false comparison while 
the characters are being entered into the compare 
character register 140, a character compare inhibit 
block 147 inhibits character compare block 46 except 
when a full character has been entered. 
A character selector circuit 150 is provided for each 

of selector coils 35 and, as each stored compared char 
acter appears at character compare register 140, a 
character select enable block 148 detects its address 
and enables an appropriate character selector circuit 
150-n. If the store character in register 140 compares 
with the character presented, a compare signal is gen 
erated which is coupled to all of the selector circuits 
150-n. The enabled character selector circuit 150-n, in 
response to the compare signal, energizes the selector 
coil 35 to select the presented character 142 at the 
point location corresponding to the address of the 
stored character being compared. 
During presentation of each print character 24, all of 

the stored characters are successively entered into reg 
ister 140 and compared there with and the presented 
print character at the locations corresponding to the 
addresses of the stored characters which compare 
therewith are selective. For example, if the coded char 
acter 'A' was stored in print address No. 1 and print 
address No. 70, print character “A,” as it is presented 
at all print locations, is selected at print locations 28-n 
and 28-70. The next character is then presented and 
selected at the appropriate print locations and so on, 
until all of the print characters 24 corresponding to the 
stored characters in the line print memory 136 have 
been selected. 
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After the full line of print characters has been se 
lected, as indicated by presented character detect 
block 144 detecting a disc cycle complete character 
after all of the characters have been presented, a 
printer status and control circuit block 152 activates a 
printing bar clutch block 154 to engage the printing bar 
clutch (not shown) to simultaneously impact the print 
receiving material with the selected print characters. 
After the line is printed, printer status control circuit 
block 152 generates a signal to clear line print memory 
136, generates a reset signal to eset all the characterse 
lector circuits 150-n and activates reset bar clutch 
block 156 to engage the reset bar clutch (not shown) 
which repositions the character discs, as previously ex 
plained. 
After the character discs are repositioned, printer 

status control circuit block 152 provides a printer cycle 
complete signal on output 157 to print disc drive clutch 
circuit 1 18 to disengage print disc drive clutch 48 until 
generation of the next line transfer enable signal. Dur 
ing the entire printing cycle, a new line of characters 
may be received and stored in line storage recirculating 
memory 130 and, upon generation of a line transfer sig 
nal, the printing cycle for the new line is repeated. 

Referring to FIGS. 6a and 6b, a particular printer 
control circuit is shown with illustrative logic circuits 
corresponding to the circuit blocks of FIGS. 5a and 5b 
indicated by the same reference numerals. The printer 
control circuit is designed to receive data synchro 
nously in a nonreturn-to-bias coding system, but could 
operate asynchronously or could receive data in any of 
the many digital formats by making only slight alter 
ations therein. 
The received characters appearing on data input lead 

100, as previously explained, comprise binary coded 
characters as illustrated by a wave form 302 of one 
such character. For purposes of illustration, the format 
of the received characters will be presumed to com 
prise seven information bits 303, numbered one 
through seven, and one parity bit, bit number eight. A 
binary 1 or 1-state is represented by a high voltage as 
shown in bit numbers three, five and six, and a binary 
0 or O-state is represented by a low voltage, as shown 
in bit numbers one, two, four, seven, eight of wave form 
302. Each character is represented by a unique combi 
nation of l-state and 0-state bits. For example, the 
character represented by wave form 302 might be the 
letter 'Z.' A 'space" might be represented by a char 
acter code of all seven bits in the 0-state. The period of 
each bit is defined by the period of an input clock signal 
as illustrated by wave form 304, with each time period 
between successive clock pulses defining successive 
bits. In an odd parity system, as will be described herein 
the parity bit, bit number 8, is in the 1-state, if and only 
if, there are an even number of l-state information bits 
and in the 0-state, if and only if, there are an odd num 
ber of l-state information bits. Thus, if the full 8-bit 
character is not erroneous, it has an odd number of 1 
state bits. 
Receiving register 102 comprises a shift register hav 

ing eight stages R1 through R8, one stage being pro 
vided for each of the bits in a character. The voltage 
appearing on input 306 of each of the stages enters that 
stage and appears at its output 308 in response to a neg 
ative transition (i.e., a transition from a 1-state to a 0 
state) of the data input clock signal 304 on clock input 
lead 104. The input 306 of each stage is connected to 
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the output 308 of the next stage, so that the state pres 
ent in each stage shifts to the next stage on each nega 
tive clock transition. Thus, the state of bit number one 
first enters register stage R8, then register state R7, 
etc., and, as bit number one enters stage R7, bit num 
ber two enters stage R-8, etc. After eight clock pulses, 
a full eight bit character is entered into receiving regis 
ter 102 with bit number one in shift register stage R1 
and the parity bit, bit number eight in shift register 
stage R8. Although the characters are received in a 
serial-by-bit fashion, they could be entered in a paral 
lel-by-bit fashion by providing an entire register for 
each bit. 
The bit parity compare circuit 106, which performs 

the parity check on the received characters, comprises 
a NAND gate 310 having an input 312 coupled to the 
clock input lead 105, an input 314 coupled to output 
308 of the parity bit storing shift register stage R8, and 
an output 316 coupled to toggle input 318 of monosta 
ble multivibrator or flip-flop 320. The output of a 
NAND gate assumes a 0-state if, and only if, all of its 
inputs are in a l-state, and, thus, each time a l-state is 
entered into shift register stage R8, output 316 makes 
a negative transition from a 1-state to a 0-state. This 
transistion toggles flip-flop 320 (i.e., causes its outputs, 
normal or Q output 320 and inverting or O output 322, 
to exchange states). Flip-flop 320, prior to reception, 
is in a 0-state with its Q output in the 0-state, and its O 
output in the 1-state. Thus, upon the entering of a full 
character, it will be in the l-state, if the character has 
an odd parity, and in a 0-state, if the character has an 
even bit parity. 
Normal output 321 and inverting output 322 are cou 

pled to character transfer/error symbol enable block 
circuit 108 which determines when a full character has 
entered into receiving register 102 to enable character 
transfer circuit 114, if the character has the proper, 
odd bit parity, or to enable error symbol generator 1 10, 
if the character has an improper, even bit parity, as in 
dicated by the normal and inverting outputs 321 and 
322 of flip-flop 320. 
Transfer/enable circuit 108 includes a three-stage bi 

nary counter 324 which has its toggle input 325 cou 
pled to clock input lead 104 to count the clock pulses 
thereon and a three-input AND gate 326, which has an 
input coupled to the normal output of each of the 
stages of counter 324 to detect, and generate a 1-state 
pulse on its output 328 during, every eighth clock 
pulse. Output 328 is coupled to input 330 of AND gate 

' 332 and to input 334 of AND gate 336 and comprises 
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one of three outputs of transfer/error enable circuit 
108. Normal output 321 is coupled to input 338 of 
AND gate 336 and inverting output 322, which carries 
a signal in the opposite state of normal output 320, and 
to input 340 of AND gate 332. 
The output of an AND gate assumes a l-state if, and 

only if, all of its inputs are also in the 1-state. As ex 
plained, if the received character has odd parity, input 
338 is in the l-state when output 328 switches to the 
l-state on the eighth input clock pulse, and, thus, AND 
gate 336 generates a 1-state transfer pulse to enable 
character transfer circuit 114. The transfer enable 
pulse is also coupled to a clear direct input 311 of flip 
flop 320, which is cleared in response thereto so that 
normal output 321 will be in the 0-state at the begin 
ning of reception of the next character. However, if the 
received character has an even parity, input 340 is in 
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the 1-state when output 328 switches to the 1-state, and 
AND gate 332 generates a 1-state pulse to enable error 
symbol generator circuit 110. In either case, upon re 
ception of a complete character, AND gate 326 gener 
ates a l-state pulse which comprises the aforemen 
tioned line transfer signal for address advance/compare 
inhibit circuit 124 and an inhibit signal for line feed and 
print detect circuit 116, as will be explained in more 
detail hereinafter. 
Character transfer circuit 114 comprises a plurality 

of NAND gates T1 through T7, each having an input 
342 coupled to an output 308 of receiving register 
stages R1 through R7, respectively. Each of NAND 
gates T1 through T7 also has an input 344 coupled to 
the output of AND gate 336 which provides the charac 
ter transfer enable pulse, as explained. 
The outputs of NAND gates T1 through T7 are re 

spectively coupled to clear direct inputs 346 of shift 
register stages C1 through C7 of a shift register 343 
which comprises character store circuit 112. A 1-state 
enters each stage whenever its set direct input 346 as 
sumes a 0-state. While the character is being entered 
into the receiving register 102, inputs 344 are in a 0 
state, and clear direct inputs 346 are in a 1-state, but, 
upon completion of reception of the character, if the 
parity is proper, the t-state, character transfer enable 
pulse coupled to inputs 344 enables of NAND gates 
T-1 through T-7, and those transfer NAND gates which 
have their input 342 coupled to a receiving resister 
stage having its output 308 in the l-state, switch to a 
O-state to enter a l-state into the character store shift 
register state to which they are connected. Thus, if the 
character represented by wave form 302 was stored in 
receiving register 102 with shift register stages R-3, R-5 
and R-6 in the l-state and register stages R-1, R-2, R-4, 
R-7 and R-8 in the 0-state, upon transfer, the coded 
character would appear in character store 112 with 
shift register stages C-3, C-5, C-6 in the -state and 
shift register stages C-1, C-2, C-4 and C-7 in the 0 
state. The parity bit is not transferred for it is a known 
quanity and carries no information. After the character 
is shifted out of character store, shift register 343, shift 
register stages C-1 through C-7 are again in a 0-state 
and a new character may be entered. M 
The error symbol generator circuit 110 comprises a 

plurality of inverter gates E-2, E-3, E-5 and E-7 having 
their outputs 348 respectively coupled to set direct in 
puts 346 of character store, shift register stages C-2, 
C-3, C-5 and C-7 and having their inputs 350 coupled 
to the output of AND gate 332 which, as previously ex 
plained, provides the error symbol enable pulse. While 
the character is being entered into receiving register 
102, inputs 350 of the error symbol inverter gates E-2, 
E-3, E-5 and E-7, and inputs 344 of transfer NAND 
gates T-1 through T-7 are in a 0-state and, thus, set di 
rect inputs 346 are in a l-state. Upon completion of re 
ception of an erroneous character; i.e., one having an 
even parity, the error symbol enable pulse is generated, 
inverted by inverter gates E2, E3, E5 and E7 and ap 
pears as a 0-state pulse at the appropriate set direct in 
puts 346 to enter a 1-state in the character store stages 
T2, T3, T5 and T7. The remaining character store 
stages remain in the 0-state, since the character trans 
fer enable pulse is not generated. This code combina 
tion of a 0-state in shift register stages T1, T1 and T6 
and a 1-state in shift register stages T2, T3, TS and T7 
represents an error symbol which will later appear on 
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the printed line at a location where the erroneous char 
acter would appear if correct. It should be appreciated 
that this code combination is arbitrary and a different 
error symbol could be obtained by simply coupling the 
error symbol inverter gates to different shift register 
stages of shift register 343. 
The character address circuit 122 which provides an 

address for each of the characters stored in character 
store register 343 comprises a plurality of flip-flops B1, 
B2, B4, B8, B16, B32 and B64 connected to operate as 
a binary counter 351 capable of counting up to the 
maximum number of characters in a line of print, such 
as 72. The toggle input 352 of the first stage of counter 
351, flip-flop B1, is coupled to the normal output 354 
of a dynamic S-R flip-flop 356 which comprises the ad 
dress advance/error inhibit circuit 124 discussed previ 
ously. Output 328 of AND gate 326 is coupled to reset 
input 358, and each time the transfer pulse thereon 
makes a negative transition from the l-state to the 0 
state after the transfer to the character store register is 
complete, normal output 354 and, thus, toggle input 
352 switch to a 0-state, which advances character ad 
dress counter 351 by one count. 
As previously explained, characterfline address com 

pare circuit 129 generates a -state, compare pulse on 
output 360 when the line address corresponds with the 
character address. This compare pulse enables the 
character to line store transfer control circuit 138 to 
transfer the character into line storage recirculating 
memory 130, as will be explained in more detail herein 
after. Compare circuit 129 is inhibited from generating 
another compare pulse during the period after the 
character has been transferred to character store cir 
cuit 12 and before a new character has been entered 
to prevent subsequent entrance into the line storage 
memory of an all O-state character in place of the trans 
ferred character. An inhibit input 355 of compare cir 
cuit 129 is coupled to normal output 354 of flip-flop 
356 and, when in the l-state, inhibits generation of the 
compare pulse. As explained, normal output 354 
switches to the O-state in response to the negative tran 
sition of the transfer pulse, and the compare circuit is 
enabled. When the character address and line address 
compare, output 360 switches to the 1-state, remains in 
the 1-state until the transfer is complete and then re 
turns to the O-state. This negative transition of the com 
pare pulse is coupled to set input 362 which switches 
normal output 354 and, thus, inhibit input 355 back to 
the 1-state to inhibit further comparison. The next 
transfer pulse resets flip-flop 355 and the compare and 
inhibit cycle is repeated. 
Character to line store transfer control circuit 138 

(FIG. 6b) comprises a plurality of logic gates which, 
upon being enabled by the compare pulse from com 
pare circuit 129, couple output 141 of character store 
circuit 112 with data input access point 136 of line stor 
age memory 130. The line storage recirculating men 
ory comprises a recirculating shift register 380, driven 
by clock circuit 134, and having a sufficient number of 
stages 382 to store a full line of print. Clock circuit 134 
drives both shift register 380 and character counter 
384 which is capable of counting up to the maximum 
number of characters in a full line of print and com 
prises line/print address circuit 132. Thus, line/print 
address counter 384 recycles at the same rate as line 
storage shift register 380 recirculates, with the counter 
advancing by one count each time a character storage 
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location is presented at input data access point 136. 
The clock circuit 134, which may comprise any suit 
able free running oscillator, operates at a much greater 
rate than the data input clock so that line storage shift 
register 380 recirculates through an entire cycle during 
storage of each character in character store circuit 122. 
During the interval between compare signals the 

characters recirculate through NAND gates 386 and 
388 of transfer control circuit 138, being twice inverted 
thereby. Output 141 of character storage circuit 112 
(FIG. 6a) is coupled to input 392 of NAND gate 394 
(FIG. 6b) which has its other input 393 coupled to out 
put 131 of character/line address compare circuit 124. 
The toggle inputs 396 of the shift register stages of 
character store shift register 343 are coupled to the 
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character transfer enable output 139 of AND gate 398 
which as one input 397 coupled to the clock circuit 134 
and the other input 401 coupled to output 131 of com 
pare circuit 129. 
The compare pulse, which indicates that the storage 

location for the address of the character stored in char 
acter storage circuit 112 is at input data access point 
136, enables AND gate 398 to couple the clock pulses 
from clock circuit 134 to toggle inputs 396 of the char 
acter store circuit which, in response thereto, shifts the 
character stored therein to input 392 of NAND gate 
394. Simultaneously, the l-state compare pulse is in 
verted to a 0-state pulse by inverter gate 403 and cou 
pled to input 400 of NAND gate 386 which assumes a 
1-state in response thereto. NAND gate 394 which is 
enabled by the compare pulse, inverts the voltage states 
of the character bits appearing at input 392 and again 
inverts the character bits and applies them to input 402 
of NAND gate 388 which shifts them into the line stor 
age shift register 380. When the entire character has 
been entered, the compare pulse switches 9back to a 
0-state to enable NAND gate 386 to transfer the recir 
culating stored characters. 
After a complete line of characters has been stored 

in the line storage shift register 380, as indicated either 
by generation of the O-state line transfer enable pulse 
on output 137 from line feed and print compare circuit 
116 or overflow detector circuit 126, the line of char 
acters is transferred to line print memory circuit 136, 
line storage memory 102 is cleared and character ad 
dress circuit 122 is reset. Line feed and print compare 
circuit 116 comprises a NAND gate 364 having seven 
of its inputs coupled to the appropriate normal or in 
verting outputs of shift register stages R1 through R7 
and an eighth input 405 coupled to output 328 of AND 
gate 326. After a full character has been entered into 
the receiving register 102, output 328 and, thus, input 
405 switch to a l-state and a compare is made. As illus 
trated in FIG. 6a, the other seven inputs of NAND gate 
364 are coupled to the normal outputs of stages R1, 
R2, R5 and R6, and to the inverting outputs of stages 
R3, R4 and R7. When the control character is entered 
into receiving register 102, shift register stages R1, R2, 
R5 and R6 are in the -state, and stages R3, R4 and R7 
are in the O-state, all of the inputs to NAND gate 364 
are in the i-state and, thus, output 366 of NAND gate 
364 and output 137 switch to the O-state. 
As explained, if a control character is not received 

after reception of a preselected number of characters, 
overflow detect circuit 126 generates a line transfer en 
able pulse. Overflow detect circuit 126 comprises a 
NAND gate 368 having its inputs coupled to the out 
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puts of the appropriate flip-flop stages of character ad 
dress counter 324 to detect a count corresponding to 
the maximum number of characters in a full line of 
print, such as 72. When the count reaches this prese 
lected number, all of the inputs of NAND gate 368 are 
in the -state and output 370 of NAND gate 368 and 
output 137 switch to a 0-state. 
The line transfer enable pulse on output 137 is cou 

pled to character disc drive clutch circuit 118, line feed 
clutch circuit 120, character to line store transfer con 
trol circuit 38 and manual address select circuit 128, 
each of which perform their respective functions in re 
sponse thereto. The line transfer enable pulse activates 
the print disc drive clutch circuit 118 to engage charac 
ter disc drive clutch 48 to initiate presentation of the 
print characters, activates line feed clutch circuit 120 
to advance the paper by one line, resets character ad 
dress counter 351 through manual address select cir 
cuit 128, activates line store to line print memory trans 
fer control circuit 138 to enable transfer of the line of 
characters in the line storage memory to the line print 
memory circuit 136 and causes the line store memory 
to be cleared after the line transfer is complete. 
The manual address select circuit 128 comprises a 10 

position rotary switch 406 for selecting the 'units' po 
sition of the left-hand margin and an eight position ro 
tary switch 408 for selecting a “10s' position of the 
left-hand margin. The position of switches 406 and 408 
determines the count to which character address 
counter is reset at the beginning of each new line and, 
thus, determines the location of the left-hand margin. 
For example, with switch 406 in position M3 and 
switch 408 in position M20, the character address cir 
cuit 122 in response to the line transfer enable pulse is 
reset to counter number 22 and, when the first received 
character of the new line is received, address counter 
35 is advanced by one count to 23, which is the new 
location at which it will eventually appear. The counter 
will advance consecutively by one count as each subse 
quent character is received until it is again reset to 
count 22 at the completion of the next line. 
The center terminals 410 and 411 of switches 406 

and 408 are coupled through inverter gate 410 to line 
transfer enable output 137 and the switch contacts M0 
through M9 of 'units' switch 406, and switch contacts 
M00 through M70 of “ Os' switch 406, are coupled to 
the appropriate set direct inputs 412 and clear direct 
inputs 414 of the binary counter stages of character ad 
dress counter 351. Each flip-flop stage of counter 351 
assumes a -state in respone to the 1-state pulse applied 
to its set direct input 412 and a 0-state in response to 
the l-state pulse applied to its clear direct input 414. 
As illustrated in FIG. 6b, contact M3 is connected to 
set direct input 112 of binary counter stage B2 and to 
clear direct input 114 of counter stage B1, while 
contact M20 is connected to set direct inputs of 
counter stages B4 and B16 and to clear direct inputs of 
stages B8, B32 and B64. Hence, when switches 406 and 
408 are in the appropriate positions corresponding to 
a left-hand margin location of 23 the 1-state, inverted 
line transfer enable pulse from inverter gate 410 pulse 
is applied through the switch contacts M20 and M3 to 
these set direct and clear direct inputs to reset the 
counter to a binary count of 22. The remaining switch 
contacts are similarly connected. 
Also in response to the line transfer enable pulse, the 

line storage/print memory transfer control circuit 138 
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transfers an entire line of characters in line storage re 
circulating memory 130 into line print memory circuit 
136. The line print recirculating memory circuit 136 
comprises a recirculating shift register 437 identical to 
that of the line storage memory and is also driven by 
clock 134. Thus, the line storage memory, the line print 
memory and the line print address circuits operate in 
synchronism, which allows the line/print address 
counter to simultaneously provide the address for both 
memories which eliminates the need for an address 
compare during address transfer from one to the other, 
as is required during the transfer from character store 
circuit 12. 
Line store to line print memory transfer control cir 

cuit 138 comprises a NAND gate 420 for transferring 
the characters from the line store to the line print mem 
ory, and a NAND gate 422 for allowing recirculation 
of the line print memory except during transfer. During 
the interval between line transfer enable pulses, input 
424 of NAND gate 420, which is coupled to line trans 
fer enable output 137 through inverter gate 426, is in 
a 0-state which keeps NAND gate 420 disabled from 
transferring any characters. Input 428 of NAND gate 
422 is directly coupled to line transfer enable output 
137 and, thus, during the interval between line transfer 
enable pulses maintains its output in a l-state to enable 
recirculation through inverter gate 439 and NAND 
gate 422. 
The output of NAND gate 386 which inverts the data 

recirculating through line store shift register 380 is cou 
pled to input 441 of NAND gate 420. Upon generation 
of the line transfer enable pulse, input 424 switches to 
a 1-state which enables NAND gate 424 to invert the 
once inverted data at input 441 and apply the twice in 
verted data signals to data input access point 443 of 
line print register 437. The 0-state transfer enable pulse 
coupled to input 428 also disables NAND gate 422 
from recirculating the inverted data signals from in 
verter gate 439 applied to input 443. When the line 
transfer enable pulse terminates, all of the characters 
are entered into line print register 437, and inputs 424 
and 428 switch states to respectively disable further 
transfer and enable recirculation. 
After a sufficient period of time to transfer all of the 

characters to the line print memory circuit, the line 
transfer enable pulse returns to the l-state. Output 137 
is coupled to input 431 of monostable multivibrator or 
single-shoft 430, and in response to this positive transi 
tion of the line transfer enable pulse, the output 429 of 
single-shot 430, which is coupled to data input access 
point 136 assumes a 0-state for a sufficient length of 
time to clear line storage shift register 380; that is, to 
enter 0-states into all of register stages 382. After the 
line store memory is cleared, output 429 returns to the 
1-state, and storage of a new line of characters therein 
may commence. 
The data output 445 of line print register 437 is cou 

pled to input 447 of AND gate 439 which has its input 
coupled to data input access point 441 of line print 
character compare register 140 and, thus, as the char 
acters recirculate, they are successively shifted into line 
print compare character register 140. Compare charac 
ter register 140 comprises a seven storage shift register 
436 having shift register stages S1 through S7 which are 
driven by clock 134 and are thus in synchronism with 
line print register 473 and line/print address couner 
384. 

18 
As each stored character is entered into compare 

register 436, a selector circuit 150-n corresponding to 
the address of that character is enabled by a binary 
coded decimal to decimal converter circuit or charac 
ter selector circuit 148. Converter circuit 148 has an 
input 440 coupled to the output of each of the flip-flop 
stages of line/print address counter 389 and produces 
a l-state pulse on one of its 10 "units' outputs 442 and 
on one of its eight "10s' outputs 444 to indicate the 
decimal equivalent of the binary count of the register. 
For example, when the character having a print address 
of 52 is entered into compare register 436, a -state 
pulse will appear on the number 50 "10s' output 444 
and on the number two 'units' output 442. 
A different pair of outputs from converter circuit 

148, one from "units' outputs 442 and one from " Os' 
outputs 444, are coupled to an enabling NAND gate 
446 of each of the selector circuits 150-n. For example, 
as shown in FIG. 6b, enabling gate 446 of selector cir 
cuit 150-1 for print location number one has an input 
coupled to the number one 'units' output and the 
number zero "10s' output. Similarly, enabling NAND 
gate 446 of selector circuit 150-72 has an input cou 
pled to the number two 'units' output and the number 
70 '10s' output. Only when the character is stored in 
character compare register 436, will the input pair to 
NAND gate 446 of the selector circuit 150-n corre 
sponding to the address of that character be in a l-state 
and, thus, only during the storage of that character in 
compare register 436 will the selector circuit 150-m 
stop the character disc at the print location corre 
sponding to that address be enabled. All of the remain 
ing selector circuits are disabled. 
The outputs 445 of each of compare register stages 

S1 through S7 are respectively coupled to inputs 447 
of presented/stored character compare circuit 146 
which may comprise any suitable matrix of inhibit gates 
or the like and need not be shown in detail. All of the 
characters stored in line print register 437 are succes 
sively entered into character compare register 436 and 
compared with the presented print characters during 
presentation of each of the characters. phototransistor 
preamplifiers A1 through A7, respectively, coupled to 
and responsive to phototransistors P1 through P7 and 
operating in cooperation with character code disc 52, 
provide an indication of which characters are being 
presented. As previously explained, character code 
disc 52 rotates with the unselected character discs and 
presents a unique code combination of code holes 57 
between light source S6 and selected ones of photode 
tectors 54, phototransistors P1 through P7, during pre 
sentation of each of the unselected characters. The pre 
amplifiers which have their phototransistors aligned 
with a code hole 57 and are, thus, impinged by the light 
451 from light source 56, such as preamplifiers A6 and 
A7 as illustrated in FIG. 6b, generate a l-state pulse on 
output 453, and those preamplifiers, such as A1, whose 
phototransistors are not impinged by the light 451 be 
cause a code hole 59 is not aligned therebetween, 
maintain a 0-state on each of their outputs 453. 
When the output states of the preamplifiers A1 

through A7 respectively correspond to the states of the 
compare register stages S1 through S7, compare circuit 
146 generates a 1-state compare pulse on output 455 
which is coupled to an input 457 of AND gate 448. An 
other input 459 to AND gate 449 is coupled to a pre 
amplifier AT which generates 1-state clock pulses in 
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response to a phototransistor PT being impinged by 
light from light source S6 when clock code holes S9 is 
in alignment therewith. Clock code hole 59 is pres 
ented to phototransistor PT during the trailing edge of 
each group of character code holes 57 and has a 
greater resolution than character code holes 57; i.e., 
clock code holes 59 are smaller in diameter than the 
character code holes 57. The provision of clock code 
hole 59 insures that a compare pulse will not be gener 
ated until all of the character code holes of each char 
acter code 61 have aligned with tieir respective photo 
transistors which, in turn, have had sufficient time to 
switch on in response thereto. 
A third input 463 of AND gate 448 is coupled to out 

put 465 of AND gate 467 of character compare inhibit 
circuit 147 which generates a 1-state pulse thereon as 
each complete character is entered into character com 
pare register 436. Until an entire character has entered 
into character compare register 436, output 465 and, 
thus, input 463 are maintained in a 0-state to inhibit 
generation of the compare pulse by AND gate 448. 
When all of the inputs to AND gate 448 are in the 1 
state indicating that a complete character is stored in 
compare register 436 and that it compares with the 
presented character, it generates a 1-state compare 
pulse on output 449, which is coupled to inputs 451 se 
lector enable AND gates 446. However, only the AND 
gate 446 corresponding to the address of the stored 
character being compared is enabled during this period 
and, thus, only that selector circuit can respond 
thereto. The enabled NAND gate 446 generates a 1 
state set pulse on output 455 which sets an S-R flip-flop 
or latch circuit 450 of the enabled selector circuit 150 
n. The normal output 452 of latch circuit 450 assumes 
a 1-state in response to the set pulse which is inverted 
by inverter gate 454 and coupled to an NPN transistor 
456 which turns on in response thereto to energize the 
selector coil 458 to stop the character disc with the se 
lector character at the print location. 
After all of the stored characters have been com 

pared with the presented character, the appropriate 
latch circuits 450 set and the corresponding selector 
coils 458 energized, another character is presented and 
the process is repeated. After all the characters have 
been presented and the appropriate ones selected, a 
disc cycle complete character code is presented by 
code disc 52 and detected by AND gate 460 of printer 
status/control circuit 152 which generates a 1-state, 
disc cycle complete pulse on output 461 in response 
thereto. The disc cycle complete pulse is coupled to 
AND gate 462 which generates an identical l-state 
pulse on output 463 to activate a printing bar clutch 
circuit 463 to engage the printing bar clutch, as previ 
ously explained. Output 461 of AND gate 460 is also 
coupled to input 465 of a monostable multivibrator or 
single-shot 464 which, after a sufficient time for the im 
pact printing action to be completed, generates a 0 
state clutch cycle complete pulse on output 467. The 
clutch cycle complete pulse on output 467 is coupled 
to all of the reset inputs 469 of latch circuits 450, input 
471 of AND gate 435 data input access print 443 of 
line print register 437, and input 473 of reset bar clutch 
circuit 475 which, in response thereto, respectively 
reset all the latch circuits 450, clear line print register 
437 and character compare register 436, and energize 
the reset bar clutch circuit 475 to engage the reset bar 
clutch (not shown). The clutch cycle complete pulse is 
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also coupled to toggle input 477 of a toggle flip-flop 
468 which s set in response thereto. 
Clutch drum 29 and, thus, character discs 22-n con 

tinue to rotate to reset the character discs until, after 
a complete revolution, the disc cycle complete charac 
ter code is again detected by AND gate 460 which gen 
erates another 0-state pulse in response thereto. Since 
flip-flop 468 was set with inverting output 470 and, 
thus, input 479 in the 0-state, AND gate 462 is disabled 
and its output 465 remains in the 0-state. However, 
previously disabled AND gate 474 is enabled by the 1 
state of normal output 472 of flip-flop 468 and gener 
ates a printer cycle complete pulse in response to the 
second disc cycle complete pulse on output 477. The 
printer cycle complete pulse on output 477 is coupled 
to print disc drive clutch circuit 118 which disengages 
the drive clutch 48 in response thereto to allow drive 
motor 46 to idle until generation of the next line trans 
fer enable pulse. Upon generation of the next line 
transfer enable pulse, the process is repeated to print 
another line of characters. 
What is claimed is: 
1. A control for a printer having a plurality of print 

locations, each of which is successively presented with 
an ordered sequence of characters, one character at 
each location being selectable for simultaneous print 
ing, comprising: 
means for receiving information in the form of binary 
coded characters in serial fashion corresponding to 
said presented characters, each coded character 
containing a pre-selected number of bits, one of 
said received coded characters representing a non 
printing control function; 

character storing means for storing at least one char 
acter, said receiving means upon receiving a first 
character transferring a second character to said 
character storing means, said character storing 
means including a line store memory for storing a 
plurality of characters corresponding to a full line 
of print at a plurality of line store character storage 
locations, and means for providing an address for 
each of said line store storage locations, a line print 
memory for storing said plurality of characters in 
a plurality of line print character storage locations, 
and means for providing an address for each of said 
line print storage locations; 

means for comparing the presented characters with 
the stored characters; 

means for selecting a presented character at each lo 
cation in accordance with said comparison; 

means for actuating said selecting means to initiate 
selection of said presented characters in response 
to reception of said control function character; and 

means for actuating said printer, after a character has 
been selected at each of said locations, to print all 
of said selected characters. 

2. The printer control of claim 1 wherein said receiv 
ing means receives said bits in a serial fashion. 

3. The printer control of claim 2 including means op 
erably associated with said receiving means for provid 
ing an address for each character transferred to said 
character storing means. 

4. The printer control of claim 3 wherein said address 
is a count representing the print location at which the 
character is to be selected. 

5. The printer control of claim 3 including means op 
erably associated with said receiving means for manu 
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ally preselecting the address of the first character of 
each group of characters representing a line of print. 

6. The printer control of claim wherein said receiv 
ing means comprises a serial shift register. 

7. The printer control of claim 1 wherein said re 
ceived characters have a preselected bit parity and said 
control circuit includes means operatively associated 
with said receiving means for detecting an improper 
parity. 

8. The printer control of claim 7 including means re 
sponsive to detection of an improper parity to store an 
error character in place of the character having the im 
proper parity. 
9. The printer control of claim 1 including means op 

erably associated between said line print memory and 
said actuating means for actuating said selecting means 
to initiate selection of said presented characters in re 
sponse to reception of a preselected number of charac 
ters corresponding to a full line of print. 

10. The printer control of claim 1 including means 
operably associated between said receiving means and 
said character storing means for detecting an erroneous 
character and means responsive to said detector for 
transferring an error character to said character storing 
means in place of the erroneous character. 

11. The printer control of claim 1 including means 
operably associated between said receiving means and 
said line store memory for transferring each character 
to a line store storage location having an address corre 
sponding to the character address thereof. 

12. The printer control of claim wherein said line 
memory comprises a recirculating memory. 

13. The printer control of claim 1 wherein the ad 
dress providing means for said line print memory com 
prises the address providing means for said line store 
memory. 

14. The printer control of claim 1 including means 
operably associated between said line store memory 
and said line print memory to transfer the characters 
from said line storage locations to the corresponding 
line print memory locations in response to the recep 
tion of a control character. 

15. The printer control of claim 14 wherein said se 
lecting means selects the presented character, at each 
print location corresponding to the address of the 
stored character that compares there with. 

16. The printer control of claim 1 wherein both said 
line storage memory and said line print memory com 
prise recirculating memories, both of said recirculating 
memories recirculating at the same rate. 

17. In a printer having a plurality of type carrying 
members, each of said members carrying a plurality of 
type characters, drive means operatively connected to 
said members for moving each of said members to pres 
ent successive characters on each member at respec 
tive aligned print locations, a character selector asso 
ciated with each member actuatable for maintaining a 
selected type character on a member at its respective 
aligned print location, and printing means operatively 
associated with said members for simultaneously im 
printing all of the presented type characters maintained 
at their respective print locations on a print receiving 
surface, a printing control system comprising: 

a character command receiver for receiving com 
mand input information in the form of coded com 
mand characters representative of the different 
characters on the type carrying members, one of 
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22 
said coded command characters representing a 
nonprinting control function for initiating a charac 
ter type selection process; 

addressing means operatively associated with said re 
ceiver for providing each coded command charac 
ter with an address representative of a print loca 
tion; 

recirculatory storage means operatively associated 
with said addressing means including a line store 
memory having a plurality of line store memory po 
sitions each corresponding to an address for receiv 
ing and storing a plurality of command characters 
at their corresponding address corresponding to a 
full line of print, a line print memory having a plu 
rality of line print memory positions each corre 
sponding to an address for receiving the stored 
command characters from the line store memory 
and generating a line print command signal repre 
sentative of the line of print desired to be printed, 
and means associated between said line store mem 
ory and line print memory to transfer the command 
characters from the line store memory positions to 
the line print memory positions in response to the 
reception of the command control character; 

a character detector associated with each type carry 
ing member for sensing which character is at the 
corresponding print location and for generating a 
character detect signal representative thereof. 

comparator means operably associated between said 
character detector and said line print memory for 
comparing the line print command signal with each 
character detect signal, said comparator means 
generating a character select signal for said com 
parator means generating a character select signal 
for each type carrying member whenever said com 
pared signals for that member match signifying that 
the desired type character on a given type carrying 
member is at the desired print location; 

a character selection actuator operably associated 
with each selector and said comparator means for 
actuating each selector in response to its corre 
sponding character select signal and generating a 
print command signal when all of the selectors 
have been actuated, and 

a print actuator operably associated between said 
character selection actuator and said printing 
means for actuating said printing means in re 
sponse to said print command signal whereby a line 
of type is imprinted on the print receiving surface. 

18. The printing control system of claim 17 wherein 
said print actuator generates a print complete signal 
after a line of print has been imprinted, said system in 
cluding means operatively associated with said print ac 
tuator and said selectors responsive to said print com 
plete signal for releasing said selectors to their initial 
State. 

19. The printing control system of claim 17 wherein 
said information comprises binary coded characters, 
each character containing a preselected number of bits, 
wherein said receiver receives said bits in serial fashion. 

20. The printing control system of claim 19 wherein 
said receiver includes a serial shift register. 

21. The printing control system of claim 19 wherein 
said characters have a preselected bit parity, said con 
trol system including means operatively associated with 
said receiver for detecting improper parity and means 
operatively associated with said detecting means and 
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said storage means responsive to the detection of an 
improper parity to store an error character in place of 
the character having the improper parity. 
22. The printing control system of claim 1 wherein 

said addressing means includes means operably asso 
ciated with said storage means for manually preselect 
ing the address of the first coded command character 
of each group of said characters with comprise a line 
of print. 
23. The printing control system of claim 1 wherein 

said receiver receives a coded command character one 
at a time and transfers a second character to said stor 
age means, said system including means operatively as 
sociated with said receiver for detecting an erroneous 
coded command character and means operatively asso 
ciated with said detecting means and said storage 
means responsive to said erroneous character detector 
for transferring an error character to said storage 
means in place of the erroneous coded command char 
acter. 

O 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

24 
24. The printing control system of claim 17 wherein 

said line print command signal is generated after recep 
tion of a preselected number of coded command char 
acters which correspond to a full line of print. 

25. The printing control system of claim 17 wherein 
both said line store memory and said line print memory 
comprise recirculatory memories which recirculate at 
the same rate. 

26. The printing control system of claim 17 wherein 
each type carrying member is a disc which carries the 
type characters in said ordered sequence on its outer 
peripheral surface, said type characters being pres 
ented for selection by rotation of said discs by said 
drive means, each selector stopping the rotation of its 
respective disc when the selected character thereon is 
presented at its print location, said character detector 
including a coded member mounted for rotation with 
each disc and means for detecting the code corre 
sponding to the character being presented. 
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