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My invention relates to high speed printers, and more 
particularly to a system for checking the operation of 
a serially operated high speed printer to detect errors 
which may occur during a printing cycle. 

Serially operable high speed printers have been devel 
oped in which a selected group of character type faces are 
serially presented to a printing location at which they 
may be impacted by a print hammer to form an impres 
sion of the character on a recording sheet. Ordinarily, a 
set of characters is provided for each column to be printed 
on the recording sheet, and the characters are arranged 
in axially spaced fonts along the surface of a constantly 
rotating print wheel, the fonts being skewed circumfer 
entially so that a given character arrived in printing posi 
tion successively for the successive columns to be printed. 
Means is provided for storing a group of character codes, 
one for each column in a line to be printed, each identify 
ing the character to be printed in the associated column. 
As each skewed row of characters of a given kind ap 
proaches the printing position for the first column, the 
storage means is scanned, the character code for a given 
column being scanned as the character for that column 
in the row under consideration approaches the printing 
position, and all of the stored characters for the line to 
be printed which agree with the character in the row 
coming into position are printed by actuating their asso 
ciated print hammers. The stored characters being scanned 
are rewritten in the storage unit after comparison with 
the character then coming into position, and the scanning 
is repeated as the next skewed row of characters comes 
into position. 

In such a system, it is possible that a print hammer 
will fail to be actuated even though a true comparison has 
been made between a character stored for that column 
and a character coming into printing position. It is also 
possible that, even though a stored character may agree 
with a character coming into position, the agreement will 
not be registered and the hammer will fail to be actuated. 
Further, it may occasionally occur that a hammer is fired 
which should not have been fired. It is the object of my 
invention to facilitate the detection of errors of this kind, 
so that information erroneously recorded may be easily 
detected and the machine may be stopped for necessary 
repairs when indicated by the occurrence of persistent 
cOS, 

Briefly, an error checking system for a serially oper 
ated printer in accordance with my invention comprises 
apparatus for checking that a hammer has been actuated 
each time agreement is detected between a stored char 
acter code and a character code corresponding to a char 
acter coming into printing position, and also checking 
that no hammer has been fired unless agreement has been 
found. The system of my invention also includes apparatus 
for producing an alarm signal if a print cycle is started 
but not properly completed by the printing of each stored 
character and the erasing of the character from the 
storage system. The apparatus is controlled by signals 
which are normally provided for print cycle control pur 
poses, or which may be readily made available in a high 
speed printing system. In accordance with one embodi 
ment of my invention, I provide a timer which is started 
in response to a start print signal at the beginning of a 
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printing cycle, and which produces a sampling pulse at 
the end of a period corresponding to a full revolution of 
the print roll. The start print signal is also used to set a 
bistable circuit to a first state. During the printing cycle, 
characters which have been printed are erased from the 
memory, and when all characters have been erased from 
the memory, a signal is produced which indicates that 
printing has been completed. This signal is employed to 
reset the bistable circuit to an opposite state. Apparatus is 
provided for producing an alarm signal if the bistable 
circuit has not been reset when the timer produces its 
sampling pulse, and for resetting the timer when the 
bistable circuit is reset. 

Apparatus is also provided for checking the operation 
of the printer during a printing cycle. In a serially oper 
able high speed printer, an agreement pulse is produced 
each time a stored character is found to be the same as 
a character type face coming into printing position. These 
agreement pulses are employed in the apparatus of my 
invention to set a suitable bistable circuit, such as a cen 
ter-tripped flip-flop, to a reference state. Means is pro 
vided for detecting the operation of each hammer actu 
ating circuit, to produce a hammer echo pulse each time 
a hammer is actuated. These hammer echo pulses are 
used to set the bistable circuit to its opposite state. A 
suitable sampling pulse is provided, following each time 
in which an agreement pulse may be produced by a time 
permitting the actuation of a hammer, to sample the 
state of the bistable circuit and produce an alarm signal 
if it is in its reference state. The circuit is so arranged 
that whether an agreement pulse occurs without a hammer 
actuating pulse, or a hammer actuating pulse occurs with 
out an agreement pulse, the bistable circuit will be set 
in its reference state when the sampling pulse occurs. 
The apparatus of my invention will best be understood 

by reference to the following detailed description, to 
gether with the accompanying drawings, of a preferred 
embodiment thereof. 

In the drawings, 
FIG. 1 is a schematic elevational view of a portion of 

a high speed printer, showing the relation of the print 
roll and print hammers; 

FIG. 2 is a schematic perspective sketch of the portion 
of the high speed printer shown in FIG. 1 and also show 
ing the manner in which character codes may be gener 
ated as various characters come into printing position; 

FIGS. 3a and 3b, when arranged horizontally side by 
side with FIG. 3a at the left, comprise a schematic wiring 
diagram of an error checking system for a high speed 
printer in accordance with my invention. 

Referring first to FIGS. 1 and 2, I have shown a por 
tion of a high speed printer comprising a series of print 
hammers such as the hammer 1, each provided with an 
actuating coil such as the coil 2. The hammers are dis 
posed in a row defining a printing station adjacent the 
Surface of a constantly rotating print roll 3. A carbon 
ribbon such as 4 and a recording means such as a sheet 
of paper 5 may be disposed between the hammers and 
the print roll in the manner indicated, and fed by con 
ventional apparatus which stops the paper in printing 
position for each line to be printed. 
As indicated in FIG. 2, a series of fonts of characters, 

one for each hammer corresponding to a column to be 
printed, is axially spaced along the surface of the print 
roll 3 and circumferentially staggered so that, for exam 
ple, the letter A for the first column arrives in printing 
position slightly before the letter A for the second co 
lumn, and so on. While various other techniques may be 
employed for serially delaying the arrival of characters 
for the successive columns in printing position, such as 
skewing the print roll axis or progressively delaying the 
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hammer actuating circuits, the arrangement shown is 
preferred. 
As indicated schematically in FIG. 2, a shaft encoder 

6 is provided which may comprise a disc 8 on the shaft 
7 of the print roll 3, provided with a coded row of radial 
apertures for each character in the fonts of columns 
around the print roll, each row comprising six spaces 
each pierced with an aperture or not according as a 
corresponding bit in a character code defining the asso 
ciated character is 1 or 0, a seventh space, if desired, to 
define a parity bit, an eighth space pierced with an aper 
ture to indicate the location of the character. If desired, 
a special character comprising a symbol to be printed 
when an illegitimate character has been found in memory 
may be located in each font, and marked by a single 
aperture on the disc 8 radially displaced from the eight 
spaced rows just described. 
The disc 8 is placed between a bank of nine annps, 

not shown, and a corresponding bank of photocells 
schematically indicated at 9, to provide pulses comprising 
a character code group of seven pulses for each legiti 
mate character to be printed, a single pulse for the special 
character, and a character pulse for each character. It 
will be apparent that more or fewer character code pulses 
could be provided if desired, to produce a code having 
a capacity consistent with the number of characters in 
each font, but for an alphanumeric font comprising sixty 
four characters six pulses are conveniently provided to 
define the characters using a full binary count, with a 
seventh output pulse provided to introduce a parity bit, 
by conventional techniques, for purposes of checking the 
parity of the stored character codes. As will appear, the 
parity bit is not essential because the apparatus of my 
invention is capable of checking parity, as well as illegiti 
mate characters, without a special parity bit. 

Referring next to FIGS. 3a and 3b, I have shown, in 
connection with an operation checking system in accord 
ance with my invention, so much only of a serially opera 
ble printer system as is necessary to understand the struc 
ture and operation of the apparatus of my invention. 
In particular, various circuits for timing and program 
ming the storing and processing of information in a high 
speed printer, well known to those skilled in the art, 
have not been shown, and various functions necessarily 
performed in such a system and helpful in understanding 
the apparatus of my invention have been indicated quite 
schematically. 
As shown, the system comprises a timing means 10 

consisting of apparatus for producing control pulses for 
use in timing the operation of the system. While various 
conventional means may be employed for this purpose, 
I have shown an AND gate A of conventional construc 
tion enabled when three signals are simultaneously ap 
plied to its three input terminals to produce a signal at 
its output terminal for setting a conventional flip-flop 
FF1 to a first state. The flip-flop FF1 is set to its first 
state at the end of each print cycle, as will appear. A 
"start print” signal, generated in any known conventional 
manner to indicate that such operations as the feeding 
of paper and the loading of a new line of characters into 
memory are complete, is employed to set the flip-flop 
FF1 to a second state at the beginning of each print cycle. 
When the flip-flop FF1 is in its first state, it produces 

a signal at a selected one of its output terminals labelled 
"clock-stop' and serving to reset a conventional gated 
one-shot multivibrator OS1 by removing a gating level 
from its input terminal G to permit it to respond to 
trigger pulses applied to its input terminal T. Suitable 
gated one-shot multivibrators for use as OS1, and other 
one-shot multivibrators to be described, are shown and 
described in copending U.S. application Ser. No. 358,853, 
filed on Apr. 10, 1964, by John C. Sims, Jr., for Variable 
Word Length Internally Programmed Information Proc 
essing System, and assigned to the assignee of my appli 
cation. 
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4. 
Trigger pulses are at times applied to the one-shot 

multivibrator OS1 by a conventional OR gate OR1, which 
produces an output pulse when a suitable input signal is 
applied to either of its input terminals. A first input 
terminal at times receives a signal from a conventional 
AND gate A2, when suitable signals are simultaneously 
applied to its two input terminals. The second input 
terminal of the gate OR1 at times receives a signal, 
labelled "recycle” from the output terminal of a con 
ventional one-shot multivibrator OS2, in response to a 
triggering pulse from the output terminal of the multi 
vibrator OS1. In practice, the time delays of the multi 
vibrators OS1 and OS2 might be, for example, 2 micro 
seconds and 8 microseconds, respectively. As shown, two 
additional conventional one-shot multivibrators OS3 and 
OS4 are connected in series, with the input trigger termi 
nal of the multivibrator OS3 connected to the output 
terminal of the multivibrator OS. Each of the multi 
vibrators OS3 and OS4 may have delays of 2 micro 
seconds if the other time delays are as given above. 
The operation of the timing means 10 will be apparent 

to those skilled in the art. Briefly, at the start of a print 
cycle the “clock stop” level will be removed by operation 
of the flip-flop FF1. A level "in print cycle,” produced 
as described below, will be applied to one input terminal 
of the AND gate A1. The first character pulse produced 
by the shaft encoder (FIG. 2) will cause the gate A2 
to produce an output signal, applied through the gate 
OR to trigger the multivibrator OS1. Two microseconds 
later, assuming the values given above, an output pulse 
will be produced by the multivibrator OS1, serving to 
trigger the multivibrators OS2 and OS3 and acting as the 
first of a series of “read sample' pulses. After a further 
delay of two microseconds, a pulse will be produced by 
the multivibrator OS3, used as a “write sample” signal to 
allow the entry of a character into memory, as will 
appear, and also to step a conventional 10-bit shift reg 
ister SR1 serving to select one of ten memory address 
lines in a memory address matrix, to be described. Two 
microseconds later, the multivibrator OS4 produces a 
'delayed clock” pulse, for purposes to be described. 
Finally, a new cycle is initiated by a “recycle pulse" pro 
duced by the multivibrator OS2 eight microseconds after 
the initial triggering pulse from the multivibrator OS1. 
The timing means 0 will continue to cycle in this manner 
until the "clock stop” signal is produced by the flip-flop 
FF, in a manner to be described. 
A core plane memory matrix 14 is provided which may 

be of a conventional type employing 840 ferrite cores 
arranged in a 7 x 120 array, wired as shown for the four 
typical cores 16. Each core is provided with a vertical 
"read line, which is adapted to be energized by a cur 
rent of predetermined value to produce an output pulse 
On an output Sense line if the core is saturated in one 
Sense, and to produce no output pulse if the core is sat 
urated in the opposite sense. Each core is also provided 
with a vertical "write" line and a horizontal input line, 
each adapted to be energized with half of the current 
necessary to Saturate the core in the opposite sense from 
the Sense to which it is driven by the “read' line, to set 
the core when half current is applied to both the “write" 
line and the input line for the particular core. Seven input 
lines are provided to the horizontal input windings of the 
Core matrix, to which pulses representing characters iden 
tified by a code sequence of six bits followed by a parity 
bit may be applied. 

Reading from and writing into the memory matrix 14 
is controlled by a memory address matrix comprising the 
shift register SR1 described above and a second twelve 
bit shift register SR2, of conventional construction. The 
shift register SR1 has ten sequential states in each of 
Which it enables one of ten output lines L. through L10 
to produce an output signal enabling one pair of a set of 
conventional AND gates labelled AR or AW, plus an 
address bit identifying numerical suffix, such as the pair 
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of gates AW1 and AR1. The enabled gate labelled AR 
produces an output pulse at the “read sample' time, and 
the enabled gate labelled AW-produces an output pulse 
at the “write sample' time. 
The output terminals of the AND gates AW- are each 

connected to the output terminals of a different one of 
ten write amplifiers such as WAi, WA2, etc. Similarly, 
the AND gates AR- are connected to control read ampli 
fiers such as RA1, RA2, etc. These amplifiers may be of 
any known conventional construction. When actuated by 
a signal from the associated AND gate, the amplifiers 
such as WA1 and RA produce a current pulse on vertical 
write and read lines, respectively, in the memory matrix 
14. The shift register SR2 selects the high ordered digit 
of the memory address from one of twelve groups of ten 
addresses and the shift register SR1 selects one of ten 
addresses within the group selected by the shift register 
SR2. To this end, the shift register SR2 has twelve sequen 
tial states in each of which a different line H1 through 
H12 is enabled in a conventional manner to control an 
associated gate WRA1 through WRA12 to serve as a cur 
rent sink. The gates such as WRA1 may be of any con 
ventional construction, but for example may be NOR 
gates of the type disclosed in the above cited copending 
application of John C. Sims, Jr., which have output ter 
minals serving as ground level current sinks when a neg 
ative potential is applied to their input terminals. 

Each of the gates WRA1 through WRA2 is connected 
to a different set of ten vertical read lines and ten vertical 
write lines, isolated by diodes as shown. Within each 
group associated with a gate such as WRA, each “read' 
line is connected to a different one of the ten read ampli 
fiers RA1 through RA10, and each “write" line is con 
nected to a different one of the ten write amplifiers WA 
through WA10, in the manner sufficiently indicated in 
the drawing. Thus, in any given state of the shift register, 
at the "read' sample time full switching current is sup 
plied by one of the read amplifiers such as RA1 and flows 
to the current sink provided by one of the gates such 
as WRA1, so that one column of the memory is read out 
in each state of the shift registers. 
As indicated in the drawing, when the shift register 

SR1 is reset from its tenth state to its first state, a signal 
"step high order' is produced in a conventional manner 
and steps the shift register SR2 to its next state. As step 
ping proceeds, in response to successive “write sample” 
pulses, the memory will be scanned from column 1 
through column 120. The “write sample' pulse following 
the processing of column 120 will produce a final “step 
high order' signal from the shift register SR1, restoring 
the shift register SR2 to its initial state. At the same time, 
with the lead H12 energized, the gate A1 in the timing 
means 10 will produce an output signal to set the flip 
flop FF1 to produce its "clock stop' level, stopping the 
timing cycle. A new cycle will be commenced by the next 
character pulse, as described above. 
The horizontal output lines of the core memory matrix 

14 are applied in parallel through conventional sense 
amplifiers SA to a conventional seven bit register RA, 
which may comprise a series of flip-flops or the like. The 
output of the register R1 is applied in parallel to a clear 
memory detector 17, a code comparator 18, and a set of 
Seven re-write gates 19. The construction and function 
of these units will next be described. 
The clear memory detector 17 may comprise a con 

ventional OR gate OR2 to which are applied in parallel 
all of the output signals from the register R1. Assuming 
a code in which the presence of a signal capable of actu 
ating the gate OR2 indicates a “1” bit in the character 
in the register Ri, the gate OR2 will produce an output 
pulse each time any character is stored in the register R. 
The output of the gate OR2 is connected to one input 

terminal of a bistable circuit here shown as a flip-flop 
FF2. This flip-flop may be of conventional construction, 
adapted to be set to a reference state by the output of 
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6 
the gate OR2, and reset to an opposite state by an output 
pulse produced by a conventional AND gate A3. The 
AND gate A3 has two input terminals, to one of which 
the character pulses from the character pulse generator 8 
in FIG. 2 are applied, and to another of which an "in 
print cycle” signal, to be described, is applied. 
One output terminal of the flip-flop FF2 is connected 

to one input terminal of a conventional AND gate A4. 
A second input terminal of the AND gate A4 is connected 
to receive the "clock stop' signal, described above. If the 
flip-flop FF2 is in its reset state on count 21 of the 
counter, the AND gate A4 will produce a "print-com 
plete” pulse to indicate that the memory has been cleared 
and all characters stored in it have been printed. 
The shaft encoder 9 has its output terminals connected 

to the input terminals of a conventional eight bit register 
R2, which may comprise a set of flip-flops or the like. 
The output terminals of the register R1 and the seven ter 
minals of the register R2 representing data and parity are 
connected to the input terminals of a conventional code 
comparator 18, wherein apparatus of a conventional type 
well known in the art is provided for detecting agree 
ment between the output of the shaft encoder 9 and the 
output of the core plane memory matrix 14. The eighth 
bit of the register R2, if provided, stores a bit indicating 
the approach of an "illegitimate character' symbol to 
printing position, for purposes to be described. 
The code comparator 18 produces an agreement pulse 

when agreement is found between the characters stored in 
the registers R1 and R2. This agreement is applied, 
through an OR gate OR4, to the input terminals of a 
conventional inverter 24, which, in the absence of an 
agreement pulse, produces an output signal indicating "no 
agreement' that is applied to each of the seven re-write 
gates 19. As will appear, a second input to the gate OR4 
provides a substitute "agreement' signal under certain 
circumstances. As indicated by the typical gates shown, 
these gates 19 may comprise an AND gate such as 25, 
having one terminal connected to the "no agreement' 
line and a second input terminal connected to one of the 
seven output lines of the register R1. The output terminal 
of each of the AND gates such as 25 is connected to the 
corresponding input terminal of the core plane memory 
matrix 14. The storage provided by the register R1 per 
mits a character stored in the register at the “read sam 
ple' time, and not printed, to be rewritten in the same 
location in memory at the “write sample' time. Char 
acters that have been printed are not rewritten in mem 
ory. However, where 000000 is a legitimate character code 
and parity is not checked, it may be desirable to restore 
locations in memory that have been printed to some se 
lected code other than 000000, with consequent changes 
in the logic of the memory clear detector to ignore the 
Selected code. 

Referring to FIGS. 3a and 3b, the flip-flop FF3 is set 
to one state by the “start print” signal derived from the 
memory clear detector 17. The “start print” signal is 
also applied to start a timer 31, which may be of any 
suitable construction designed to produce an output pulse 
for each revolution of the print roll following the “start 
print” signal if not first reset by a "print complete” signal. 
Any of various known gated monostable circuits could 
be employed for this purpose, but as here shown, the timer 
comprises a conventional single shot multivibrator OS5 
followed by a conventional AND gate A5 enabled by an 
"in print cycle' level produced by the flip-flop FF3 when 
Set by the "start print' signal and removed when the 
flip-flop FF3 is reset by a "print complete' signal. Typical 
ly, the duration of the output pulse of the one-shot multi 
vibrator OS5 would be about 760 milliseconds in high 
Speed printing Systems operating at a drum speed of 
1000 r.p.m. s 
The output pulse of the timer 31 is supplied to one 

input terminal of a conventional flip-flop FF4, the other 
input terminal of which is connected to any suitable re 
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setting circuit, such as a current source controlled by a 
manual switch, to produce an "alarm reset' signal when 
desired. A selected output terminal of the flip-flop FF4 
produces an alarm level labelled “alarm 2' to energize 
any desired indicating or control equipment, here typified 
as an indicator lamp K2. The illumination of this lamp K2 
indicates that a print cycle has been started and followed 
by a complete revolution of the print roll without the pro 
duction of a "print complete' signal, indicating an error 
in operation. 
The agreement pulse produced by the code comparator 

18 is supplied to a distributor 38, which may be timed by 
the “read sample” signals to sequentially distribute agree 
ment pulses to the appropriate one of 120 hammer driver 
circuits during a scanning cycle. As indicated, the dis 
tributor may comprise 120 gates such as the AND gate 
39, each having one terminal connected to the agreement 
pulse line, another terminal connected to one of the ten 
low order address lines such as L., and another input 
terminal connected to one of the twelve high order ad 
dress lines such as H. The hammer driver circuits may 
be of any conventional type known to those skilled in the 
art, and are here shown as comprising a power amplifier 
41 energized by the output of the corresponding AND 
gate 39 in the distributor 38. The output terminals of the 
amplifier 41 are connected through the coil 2 of the as 
sociated hammer, and are also connected through a coul 
pling capacitor such as 42 to one of 120 hammer echo 
pulse lines. The hammer echo pulse lines are connected to 
an OR gate OR3, of conventional construction, which also 
has an input terminal connected to the agreement pulse 
line. The gate OR3 accordingly produces an output pulse 
each time a hammer is fired, and also each time an agree 
ment pulse is produced. This output pulse is applied to a 
center-tripped terminal of a conventional center-tripped 
flip-flop FF5, to change its state each time the OR gate 
43 produces an output pulse. As shown, the flip-flop FF5 
is also provided with a direct set terminal controlled by 
the “start print” signal to assure that the flip-flop will be 
in a reference state at the beginning of each print cycle. 
One output terminal of the flip-flop FF5 is connected to 
one input terminal of a conventional AND gate A6, which 
has a second input terminal connected to receive "delayed 
clock” pulses produced as described above. Thus, after 
each agreement pulse, followed by the firing of a corre 
sponding hammer, the flip-flop FF5 changes state twice 
and if it does so the arrival of the next "delayed clock” 
pulse will not cause the AND gate A6 to produce an out 
put pulse. However, if one or the other of the setting 
pulses for the flip-flop FF5 is missing, the "delayed clock” 
pulse will cause an output pulse to be produced by the 
AND gate A6 to set a conventional flip-flop FF6 to pro 
duce an “alarm 1 level, here shown as energizing an in 
dicator lamp K1. The illumination of this lamp will in 
dicate either that a hammer has been fired which should 
not have been fired or that a hammer has not been fired 
which should have been fired. 

Having described the structure of one embodiment of 
my invention, its operation will next be described. Re 
ferring first to FIG. 3a, the memory is first loaded with 
120 character signals in any conventional manner, not 
shown. After the memory has been loaded, a 'start print 
pulse may be produced in a conventional manner and 
the flip-flop FF3 will be set to produce an "in print cycle” 
level to enable the AND gate A2 to start the timing 
means at the next character pulse. When the first charac 
ter pulse appears following the setting of the flip-flop 
FF3, it will provide a pulse to the gate ORi and then 
trigger the multivibrator OS3 to begin a scanning cycle. 
At the same time, the gate A3 will reset the flip-flop 
FF2. As the first vertical “read' line is energized in the 
core plane memory matrix 4, the character stored for 
the first column is read into the register R1 and applied 
to the code comparator 18. Assuming that it is in agree 
ment with the code produced by the shaft encoder 9, 
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3. 
an agreement pulse is applied to cut off the rewrite gates 
19 and prevent the stored character from being rewritten 
in the memory, and also to actuate the first gate 39 in 
the distributor 38 to apply a hammer driving signal to 
actuate the amplifier 41 for the first column hammer in 
the hammer driver circuits 40. The firing of this hammer 
supplies an output pulse to the OR gate OR3. As described 
above, the flip-flop FF5 is first set by the agreement 
pulse, and then reset by a hammer echo pulse by the 
gate OR3. Accordingly, when the delayed clock pulse 
following the “read sample' pulse which energized the 
first column "read' line occurs, the gate A6 will be dis 
abled and the alarm flip-flop FF6 will not be set. 
At the same time that the first character for the first 

column was read out to the code comparator 18, one or 
more pulses were applied in parallel to the OR gate 
OR2 in the memory clear detector 17 to set the flip-flop 
FF2. The Scanning cycle will then continue, with each 
stored character in the memory matrix 14 being sequential 
ly compared with the first character Supplied by the shaft 
encoder 9, and whether or not any further outputs are 
produced by the CR gate OR2, the memory clear detector 
will not respond during this cycle because the flip-flop 
FF2 has been set. However, any disagreement between an 
agreement pulse and a hammer echo pulse will cause the 
flip-flop FF5 to be set to the state in which the gate A6 
will be enabled to pass the next delayed clock pulse. If 
this occurs, the flip-flop FF6 will be set to its alarm 
state and the indicator lamp Ki will be illumined. When 
count S2 is reached in the first scanning cycle, that is, 
when lead H2 is energized and the "step high order' 
signal is produced, the gate A1 in the timing means 10 
will reset the flip-flop FF to its “clock stop' state, and no 
further operation will take place until the next character 
pulse is received. 
As each successive character is presented by the shaft 

encoder 9 to the code comparator i8, the scanning cycle 
just described will be repeated, with characters producing 
an agreement with the output of the shaft encoder being 
printed, and erased from the core plane memory matrix 
14. When the last stored character has been printed, a 
final scanning cycle will take place, in response to the 
character pulse following the character pulse for the last 
character in the font. This character pulse will cause the 
timing means it to be started as before, and begin its 
counting cycle. The flip-flop. FF2 will also be set by the 
character pulse, and all the columns of the memory matrix 
14 will be successively scanned on the counts of the 
counter from one to 120. Since all of the characters 
have been erased from memory, the OR gate OR2 will 
produce no output pulse during this scanning cycle, and 
the flip-flop FF2 will remain set. Accordingly, when the 
"clock stop' level is produced, the flip-flop FF2 will 
enable the gate A4 to pass a "print complete' pulse. 
This "print complete' pulse will be applied to reset the 
flip-flop FF2 which was set by the “start print” signal. 
At the same time the "start print' signal was applied, 
the timer 3 was started by triggering the single shot 
multivibrator OS5. When a complete revolution of the 
print roll has been made, the timer 3 will produce its 
output pulse to enable the AND gate A5. However, since 
the flip-flop FF3 has been reset by the “print complete' 
signal, no output pulse will be produced. On the other 
hand, if the "print complete' level had not been pro 
duced, the gate A5 would set the flip-flop FF4 to provide 
the "alarm 2' level to energize the indicator lamp K2. 

Various controls may be exercised in response to the 
“alarm. 2' signal provided by the flip-flop FF4. If desired, 
the printer may be stopped, or printing may be continued 
by ignoring the alarm indication or manually overriding 
it if the flip-flop FF4 is normally connected to stop the 
printer. Alternatively, it may be desirable to locate an 
"illegitimate character' symbol in the font for each charac 
ter on the print roll, and to follow the memory scan in 
which the flip-flop FF4 was set by a scan in which the 
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illegitimate character symbol is printed in each column 
for which the gate OR2 produces an output pulse. For 
this purpose, the outputs of the gate OR2 and the flip-flop 
FF4 in its "alarm 2' state may be applied to an AND 
gate A7, the output of the AND gate A7 being combined 
in an OR gate OR4 with the output of the comparator 
18 to provide the "agreement' signal for the system. The 
location of the illegitimate character symbol on the print 
roll is immaterial, because printing may begin on any 
character pulse. However, to carry out the illegitimate 
character printing operation at the proper time, either 
a character code identifying the illegitimate character 
must be provided on the code wheel 8 in FEG. 2, to be 
detected by a decoding network controlled by the com 
parator 8, or preferably, a separate illegitimate charac 
ter bit is produced by the shaft encoder 9 as described 
above, stored in the register R2 as the eighth bit, and 
applied as the third input to the gate A7, as shown. 

It will be apparent that, while I have shown various 
logical functions implemented by AND, OR, and NOR 
gates, other implementing circuits could be substituted 
by applying appropriate known logical transformations. 

While I have described my invention with reference to 
the details of a specific embodiment, many changes and 
variations will occur to those skilled in the art upon 
reading my description, and such can obviously be made 
without departing from the scope of my invention. 

Having thus described my invention, what I claim is: 
1. Apparatus for checking the operation of a serially 

operable high speed printer of the type comprising a 
plurality of print hammers, a character code generator 
for serially producing codes representing characters on 
a print roll successively arriving in printing position adja 
cent said hammers, storage means for storing a code rep 
resenting a character to be printed for each hammer, 
code comparing means synchronized with a train of clock 
pulses for scanning said storage means once for each 
character code produced by said code generator and pro 
ducing an agreement signal for each corresponding stored 
code, and means controlled by each agreement signal for 
actuating the corresponding hammer, said apparatus com 
prising, bistable circuit means alternately actuated to op 
posite states by a succession of applied signals, means 
for applying the agreement signals to said bistable cir 
cuit means, means responsive to the actuation of any 
of the hammers for applying a signal to said bistable cir 
cuit means, and means for sampling the state of the 
bistable circuit means, at a time after each clock pulse 
sufficient to permit the actuation of a hammer, for pro 
ducing an alarm signal if an odd number of signals have 
been applied to said bistable circuit means. 

2. In a serially operable high speed printer, a plurality 
of printing transducers, one for each column in a line to 
be printed, recycling memory means for storing a series 
of character codes, one for each printing transducer, and 
responsive to a sequence of applied scanning signals for 
producing output code corresponding to the stored codes 
and rewriting them in the memory, encoding means for 
producing a series of character codes representing a series 
of characters available for printing by said transducer, 
means for producing a series of scanning signals for each 
code produced by said encoder means, code comparator 
means for producing an agreement signal in response to 
two applied codes having a predetermined relationship, 
means for applying the codes produced by said encoder 
means to said comparator means, means controlled by 
said scanning signals for sequentially applying the charac 
ter codes stored in said recycling memory means to said 
comparator means, a gate means for each printing trans 
ducer operable when enabled for operating the transducer 
in response to an agreement signal from said comparator, 
means controlled by said scanning signals for sequentially 
enabling said gate means as each stored code correspond 
ing to a transducer is applied to said comparator means 
to permit the corresponding transducer to be actuated if 
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an agreement signal is produced, pulse generating means 
responsive to said transducers for producing an output 
signal for each transducer that is actuated, means for 
registering the parity of the sum of the agreement signals 
and the signals produced by said pulse generating means, 
means controlled by said scanning signals for producing 
a series of delayed signals, one for each scanning signal 
and occurring before the next scanning signal, and means 
controlled by said delayed scanning signals and said 
registering means for producing an alarm signal if the 
registered parity is odd. 

3. In a high speed printing system, a plurality of print 
ing transducers, one for each column in a line to be 
printed, means for producing a train of clock pulses, 
means synchronized with the clock pulse train for apply 
ing actuating signals to said transducers, means con 
trolled by said transducers for producing an output sig 
nal in response to the actuation of a transducer, means 
controlled by said output signals and said actuating sig 
nals for registering the parity of the sum of said signals, 
means controlled by said clock pulse train for produc 
ing a delayed clock pulse for each clock pulse in said 
train, and means controlled by said delayed clock pulses 
and said registering means for producing an alarm sig 
nal when the registered parity is odd. 

4. In a high speed printing system, a series of printing 
transducers arranged in a row defining a print station 
adjacent a rotating print roll bearing a font of characters 
for each transducer, storage means for storing a series 
of character codes, one for each transducer, shaft en 
coder means synchronized with the print roll for produc 
ing a series of character codes representing characters ap 
proaching the print station, means synchronized with the 
print roll for producing a series of character pulses, one 
for each code produced by said shaft encoder means, 
means controlled by said character pulses for producing 
a series of scanning signals, scanning means controlled 
by said scanning signals and operatively connected to 
said storage means for sequentially producing character 
codes coresponding to the codes stored for each trans 
ducer, code comparator means controlled by said shaft 
encoder means and said scanning means for producing 
an agreement signal for each stored code corresponding 
to the code produced by the shaft encoder means, a gate 
means for each transducer operable when enabled to 
actuate the transducer in response to an agreement sig 
nal produced by said comparator, means controlled by 
said scanning signals for sequentially enabling said gate 
means as corresponding stored characters are scanned, 
gate means controlled by said transducers for producing 
a signal each time a transducer is actuated, registering 
means controlled by said agreement signals and the sig 
nals produced by said gate means for registering the 
parity of their sum, delay means controlled by said 
scanning signals for producing a delayed signal for each 
scanning signal, and means controlled by said registering 
means and said delayed signals for producing an alarm 
signal when the registered parity is odd. 

5. In a high speed printing system of the type com 
prising storage means for storing a code representing a 
character to be printed for each column in a line to be 
printed, a constantly rotating print roll bearing a font 
of characters for each column to be printed, a printing 
transducer adjacent each font and operable when ener 
gized to print the character then adjacent, a character 
code generator for producing a character code signal 
identifying each character coming into printing position, 
means for scanning said storage means once for each 
character code signal, and means controlled by said Scan 
ning means for comparing the character code signal with 
the stored character codes and producing a signal for 
energizing each transducer associated with a stored code 
which agrees with the character code signal, code check 
ing apparatus comprising registering means controlled by 

75 said comparing means and said transducer means for 
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registering the parity of the Sunn of said energizing sig 
nals and the number of transducers energized by said 
signals, and delayed gate means controlled by said regis 
tering means and said scanning means for producing an 
alarm signal when the registered parity is odd. 

6. In apparatus for checking the operation of a Se 
rially operated high speed printer of the type compris 
ing a constantly rotating print roll bearing a plurality 
of fonts of characters sequentially presented to a print 
station defined by a row of print hammers, one for each 
font, the combination comprising storage means for stor 
ing a character code representing a character to be 
printed for each of said hammers, means for producing 
a start print signal, code comparing means enabled by 
said start print signal and actuated as each character on 
said fonts approaches the print station for sequentially 
removing the character codes from said storage means 
and comparing them with a comparison code represent 
ing the character coming into position, means controlled 
-by said comparing means when a stored code agrees with 
the comparison code for actuating the hammer associ 
ated with the stored code, means controlled by Said com 
paring means when a stored code does not agree with 
the comparison code for replacing the stored code in 
the storage means, a bistable circuit having first and 
second states, means controlled by said start print sig 
nal for setting said bistable circuit to its first state, means 
controlled by said storage means for producing a print 
complete signal when no codes remain in said Storage 
means, means controlled by said print complete signal 
for setting said bistable circuit to its second state, and 
timing means controlled by said start print signal and 
said bistable circuit in its first state for producing an 
alarm signal at a time following the start print signal 
adequate to permit a line to be printed. 

7. The apparatus of claim 6, in which each font of 
characters includes a selected character representing any 
illegitimate character, and further comprising means 
synchronized with said print roll for producing an ille 
gitimate character signal when said selected characters 
approach the print station, a second bistable circuit, means 
controlled by said alarm signal for setting said second 
bistable circuit to a predetermined state, and means con 
trolled by said second bistable circuit in said predeter 
mined state, said storage means, and said illegitimate 
character signal for actuating each hammer for which any 
code is stored to print the selected character in the cor 
responding column. 

8. In a high speed printer, a core plane memory matrix 
for storing a plurality of character codes, one for each 
column in a line to be printed, an array of printing means 
each sequentially operable to print one of a predeter 
mined series of characters, code generating means Syn 
chronized with said printing means for producing a Series 
of codes representing the different characters which may 
be printed as the printing means becomes operable to 
print them, means for producing a start signal, sequen 
tial comparator means enabled by said start signal and 
synchronized with the code generating means for Se 
quentially reading the stored codes of the memory matrix 
and comparing them with the code produced by the 
code generating means, means for restoring to the mem 
ory matrix the codes read out of the matrix which do 
not agree with the code produced by the code generat 
ing means, means for detecting the presence of codes in 
said matrix and producing a print complete signal when 
no codes remain in the matrix, a bistable circuit, means 
controlled by said start print signal for setting said bi 
stable circuit to a first state, means controlled by said 
print complete signal for setting said bistable circuit to 
a second state, and timing means controlled by said start 
print signal and said bistable circuit in its first state for 
producing an alarm signal after said code generating 
means has produced codes representing all characters 
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which may be printed if the print complete signal does 
not first set said bistable circuit to said second state. 

9. Apparatus for checking the operation of a high 
speed printer of the type comprising means synchronized 
with a train of character pulses for comparing character 
codes stored for each column to be printed with char 
acter codes representing characters in printing position 
and producing signals for firing hammers associated with 
each column in which the stored code agrees with the 
code for the character in printing position, comprising 
a bistable circuit, means controlled by the signals pro 
duced by said comparing means for setting said bistable 
circuit to a first state, means controlled by the firing 
of any hammer for setting the bistable circuit to a sec 
ond state, means for producing a series of delayed clock 
pulses lagging the system synchronizing train by an 
amount sufficient to permit the firing of a hammer, and 
gate means controlled by said delayed clock pulses and 
said bistable circuit in its first state for producing an 
alarm signal. 

10. Apparatus for checking the operation of a high 
Speed printer of the type comprising a plurality of ham 
mers, sequentially operable means for actuating the ham 
mers as characters coming into printing position match 
character codes stored for the hammers, means for pro 
ducing a start print signal, and means for producing a 
print complete signal, said apparatus comprising a bi 
stable circuit, means controlled by said start print signal 
for setting said bistable circuit to a first state, means 
controlled by said print complete signal for setting said 
bistable circuit to a second state, and timing means con 
trolled by said start print signal and said bistable cir 
cuit in its first state for producing an alarm signal de 
layed from the start print signal by an amount sufficient 
to permit all of said hammers to be actuated if said print 
complete signal is not first received. 

11. A fully checked serially operable high speed print 
ing system comprising an array of printing transducers, 
cyclically operable means for placing a series of charac 
terS Successively in printing position relative to said 
transducers, means for producing a start print signal, 
memory means for storing a series of character codes, 
One for each transducer, scanning means enabled by said 
Start print signal for sequentially reading out of the 
memory means all of the stored codes once for each 
character coming into position, code comparing means 
for comparing the codes read out with each character 
coming into printing position and producing an agree 
ment signal for each agreement between a code read 
Out of the memory means and the character coming into 
position, means controlled by said code comparing means 
for reading back into the memory means each code not 
in agreement with the character coming into position, 
means controlled by Said scanning means and said agree 
ment signals for actuating the transducer associated with 
a code read out of the memory means when an agree 
ment signal is produced, means controlled by said trans 
ducers for producing an output signal for each transducer 
that is actuated, registering means controlled by said 
agreement signals and said output signals for register 
ing the parity of their sum, means controlled by said 
Scanning means for producing a series of delayed sig 
nals, one for each character code read out of the mem 
Ory means, gate means controlled by said delayed signals 
and said reigstering means for producing a first alarm 
signal if the registered parity is odd, a bistable circuit, 
means controlled by said start print signals for setting 
said bistable circuit to a first state, means controlled by 
said memory means for producing a print complete sig 
nal when said memory means is cleared of stored char 
acters, and timing means controlled by said start print 
signal and said bistable circuit in its first state for pro 
ducing a second alarm signal delayed by an amount at 
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