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United States Patent Office Re. 24,447 
Reissued Mar. 25, 1958 

1. 

24,447 
DAGNOSTIC INFORMATION MONITORING 

SYSTEM 

Richard M. Bloch, Newton, Mass., assignor to Raytheon 
Manufacturing Company, Newton, Mass., a corpora 
tiom of Delaware 

Original No. 2,634,052, dated April 7, 1953, Serial No. 
89,871, April 27, 1949. Application for reissue May 
3, 1957, Serial No. 659,195 

41 Claims. (Cl. 235-61) 
Matter enclosed in heavy brackets appears in the 

original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This invention relates in general to the handling of in 
formation in the form of time-varied electric waves, and 
more particularly to methods of and means for Super 
vising the accuracy of and correct handling of such in 
formation. 

It is known to supervise or monitor the identity of an 
electric wave which is being transferred from one place 
to another by means of another electric wave identical 
with the first and transferred therewith or subsequently 
thereto. Such a procedure requires either complete dupli 
cate handling equipment or a complete repetition of the 
operation being supervised. Likewise, it is known, in the 
art of electronic and electrical computing machines, to 
supervise the operations of such machines by sending the 
same problem through twice simultaneously or twice in 
succession. The former process again requires complete 
duplicate equipment, and the latter process obviously con 
sumes double the time required merely to perform the 
desired operations. 
The present invention provides means to monitor in 

formation in the form of time-varied electric waves which 
creates for each item of information a characteristic 
time-varied electric wave of a prescribed short duration 
which is employed as an indicator and is thereafter car 
ried with the main electric wave as an additional, readily 
separable part thereof. Each time the main electric 
wave is handled, the indicator is created anew, and the 
new indicator is then compared with the indicator that 
is carried with the main electric wave for the purpose of 
ascertaining whether or not the main electric wave has 
undergone any change. The amount of additional equip 
ment required to provide the indicators is approximately 
twenty percent as extensive as the equipment that handles 
the main information, while the simultaneity of systems 
employing complete duplicate equipment is substantially 
preserved. Further, the present system is diagnostic for 
the reason that a new indicator is created from the main 
wave each time it is handled or transferred, so that the 
place in a complete system where a fault may have 
occurred can be readily known. The present invention is 
adaptable to use with limitless forms of information 
handling systems and various kinds of wave forms. It 
has utility, for example, in telemetering systems of all 
kinds and varieties, and in electrical computing machines 
of all degrees of complexity. 

In its use in computing machines, the invention is par 
ticularly valuable in that it may be modified in many ways 
to supervise not only the identity of information which 
is transferred from place to place within the machine, 
but also the accuracy of mathematical operations per 
formed upon such information. Thus, for example, an 
addition of two quantities which are represented by first 
and second electric waves is supervised by means which 
creates from each wave a short indicator wave in ac 
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cordance with a prescribed scheme, then creates from 
the sum of the two original waves a third short indicator 
wave, and then operates upon these indicator Waves in 
a prescribed manner to produce an electric wave which 
has only one possible form if the addition was performed 
correctly. The means for accomplishing this supervision 
is again small in extent as compared with the main con 
puting equipment, and functions practically simultaneous 
ly therewith. Other processes of subtraction, multiplica 
tion, and division are supervised by analogous means and 
methods. 
While the invention is not limited in its employment 

to any particular form of electric wave, it is most easily 
understood in connection with systems which store and 
transfer information in the form of electric waves con 
sisting of groups of discrete pulses. Digital telemeter 
ing systems and computing machines employing the 
binary system of notation employ such groups of dis 
crete pulses to represent information items. In one 
form, a group of discrete pulses represents a binary num 
ber by providing a pulse space in a train of time-spaced 
spaces for each digit of the number, the presence of an 
electric pulse in a space representing a “1” and the ab 
sence of a pulse in a space representing a "0." 
When the information which is being handled in the 

binary notation system originates in the decimal system, 
it must be converted to the binary form. Similarly, end 
product information is often converted to the decimal. 
form. The present invention employs means which super 
vises the accuracy of such conversions, also, by creating 
indicators for the quantity being converted, the conversion 
product, and the unconverted remainder, the indicators 
being created in accordance with a scheme such that 
their sum results at all times in an electric wave which 
can have only one possible form if the conversion has 
been effected correctly. 
The foregoing and other features of the invention will 

become more apparent from the detailed description of 
certain specific embodiments that follows. The descrip 
tion refers to the accompanying drawings, wherein: 

Figure 1 is a block diagram of a system which generates 
a four-column binary indicator from any multi-columnar 
series of pulses and pulse spaces representing, for ex 
ample, a binary number; 

Figure 2 is a circuit diagram illustrating certain details 
of Figure 1; 

Figure 3 is a block diagram illustrating one phase of 
the operation of Figure 1, 

Figure 4 is a block diagram illustrating another phase 
of the operation of Figure 1; 

Figure 5 is a diagram showing a group of time-spaced 
pulses representing an item of information in binary 
notation as handled in accordance with the invention; 

Figure 6 is a block diagram of a system which super 
vises the identity of a group of pulses like that shown in 
Figure 5 which is being transferred from one location to 
another; 

Figure 7 is a circuit diagram of an arrangement which 
may be employed for sensing or coincidence checking in 
the systems shown in Figure 6 and Figure 8; 

Figure 8 is a block diagram of a system which super 
vises the correct performance of an arithmetic operation 
upon two binary quantities; 

Figures 8A, 8B and 8C are modifications of the system 
of Figure 8; 

Figure 9 is a block diagram of a suitable weighting 
circuit for use in the system of Figure 8; 

Figure 10 is a block diagram of a system which super 
vises the accuracy of conversions between the binary and 
decimal systems of notation; 

Figure 11 is a chronological diagram illustrating the 
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time relationship existing among certain of the pulses 
which are employed in the system of Figure 10; 

Figure 12 is a circuit diagram illustrating details of cer 
tain parts of Figure 10; 

Figures 13, 14 and 15 are circuit diagrams illustrating 
various forms of gate circuits which may be employed in 
carrying out the invention; and 

Figures 16 and 17 are circuit diagrams illustrating two 
forms of a phase inverter which may be employed in 
carrying out the invention. 
MONITORING THE IDENTITY OF INFORMATION 

Referring now to Figure 1, a binary number consisting 
of a chronological series of voltage pulses 17, for which an 
indicator is to be generated, is provided from a binary 
number input source represented by a block 10. The 
pulses 17 may be either positive or negative, as desired. 
In the present description, negative pulses are illustrated. 
The pulses 17 of the number from the block 10 are se 
quentially provided in parallel to three gates 11, 12 and 
13, which may be called weighing gates #1, #2 and #3, 
respectively. The three weighting gates are normally 
closed, in the sense that they do not permit the pulse 17 
to pass, and are operated to an open, or pulse-passing, 
condition by means of negative gate control pulses 18 
furnished by a pulse generator 14 via two delay lines 15 
and 16. The binary number consists of a chronological 
series of pulse spaces, each of which may or may not be 
occupied by a pulse 17, which spaces are repeated at a 
predetermined repetition frequency. The pulse generator 
14 furnishes gate control pulses 18 at a pulse repetition 
frequency which is one-third that of the binary number. 
A synchronizing pulse 19, furnished from a Suitable mas 
ter, timing source (not shown), is furnished to both the 
binary number input 10 and the pulse generator 14 in 
order that each gate control pulse 18 shall occur simul 
taneously with a predetermined number pulse 17 or pulse 
space of the binary number. The gate control pulse 18 
is applied directly to weighting gate #1, and at the same 
time to the first delay line 15. The pulse which emerges 
from the first delay line 15 is applied directly to weight 
ing gate #2 and at the same time to the second delay line 
16. The pulse which emerges from the second delay line 
16 is applied directly to weighting gate #3. The gate 
control pulse 18 is delayed in each delay line 15 and 16 
by an amount equal to the spacing between two adjacent 
pulses 17 of the binary number which occupy adjacent 
pulse spaces. The effect of this arrangement is that 
pulses 17 which occupy successive pulse spaces of the 
binary number from the input 10 pass through successive 
gates from gate #1 to gate #3 and then back to gate if 1. 
Four "flip-flop” circuits, of a kind to be described be 

low, are represented by blocks 21, 22, 23 and 24, respec 
tively. These blocks are in columns 1, 2, 3 and 4, re 
spectively, of a binary system register. The binary num 
ber pulse 17 which passes through weighting gate #1 
is provided to the column 1 flip-flop 21 via a signal input 
line 26, the number pulse 17 passing through gate #2 
to the column 2 flip-flop 22 via a signal input line 27, 
and the number pulse passing through gate #3 to the 
column 3 flip-flop 23 via a signal input line 28. The col 
umn 4 flip-flop 24 is provided with a signal input line 29. 
As will be explained below, each of the flip-flops 21 to 
24, inclusive, is arranged so that it will change state each 
time a number pulse 17 is applied via its signal input 
line 26, 27, 28 or 29, respectively. Each of the flip 
flops 21 to 24, inclusive, is provided also with a signal 
output line 31, 32, 33 and 34, respectively, in which neg 
ative output voltage pulses 92 appear. An amplifier A 
may be included in each output line, if desired. In each 
flip-flop, one state of the flip-flop represents the digit "1" 
standing in the column of the flip-flop, while the other 
state represents the digit "O' standing in the column. 
When the flip-flop changes from the “1” state to the “0” 
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state, a pulse appears in its output line, as will be ex 
plained more in detail below. 
The output line 31 of the column 1 flip-flop 21 is con 

nected by way of a first carry gate 36 to the signal input 
line 27 of the column 2 flip-flop 22. The output line 32 
of the column 2 flip-flop is connected by way of a second 
carry gate 37 to the signal input line 28 of the column 3 
flip-flop 23. The output line 33 of the column 3 flip 
flop is connected by way of a third carry gate 38 to the 
signal input line 29 of the column 4 flip-flop 24. The 
carry gates 36, 37 and 38 are all normally closed in the 
sense that they do not permit the output pulse 92 to pass, 
and are simultaneously operated to an open or pulse 
passing condition by a negative pulse 40 furnished by a 
count control pulse generator 39 which is connected 
to all three carry gates in parallel. The pulse 40 fur 
nished by the count control pulse generator 39 occurs 
simultaneously with each binary number pulse or pulse 
space, the generator 39 being controlled, if desired, by 
the same central synchronising mechanism (not shown) 
which provides the synchronizing pulse 19. 
The four flip-flops 21 to 24, inclusive, and their asso 

ciated carry gates 36 to 38, inclusive, may be termed a 
"register,' here a four-column register. The simultaneous 
states of the individual flip-flops at any one instant define 
a four-column binary quantity, which quantity is said to 
“stand in the register' at that instant. The quantity 
which stands in the register at the end of the operation 
upon the binary number for which an indicator is created 
is the indicator. The manner in which the register is 
operated to create an indicator will be presently ex 
plained in greater detail in connection with Figure 3. 
The signal output line 34 of the column 4 flip-flop 24 

is connected by way of a shift gate 46 and a delay line 
44 to a first side input line 41 of the column 3 flip-flop 
23. The signal output line 33 of the column 3 flip-flop 
is connected by way of a shift gate 47 and a delay line 43 
to a first side input line 35 of the column 2 flip-flop 22. 
The signal output line 32 of the column 2 flip-flop is 
connected by way of a shift gate 48 and a delay line 42 
to a first side input line 30 of the column 1 flip-flop. 21. 
The signal output line 31 of the column 1 flip-flop is 
connected by way of a shift gate 49 to a serial read-out 
terminal 50. The shift gates 46, 47, 48 and 49 are all 
normally closed in the sense that they do not permit the 
output pulse 92 to pass, and are simultaneously operated 
to an open, or pulse-passing, condition by a negative pulse 
93, furnished by a shift read-out control pulse generator 
51 which is connected to all the shift gates in parallel. 
The shift read-out control pulse generator 51 is operated 
only when it is desired to remove or “read out” the infor 
mation standing in the register, namely, the indicator of 
the main binary number. A reset pulse generator 20 which 
produces negative reset pulses 86 is connected in parallel 
to a second side input line 45 of each of the flip-flops 
21 to 24, inclusive. The reset pulse generator is oper 
ated in cooperation with the shift read-out control pulse 
generator 51 during a read-out operation, as will pres 
ently be explained in connection with Figure 4. The de 
lay lines 42, 43 and 44 provide a time delay to the 
passage of the output pulses 92 furnished thereto which 
is substantially longer than the duration of a shift read 
out pulse 93. 
A single-pulse generator 25 which produces a single 

negative pulse 95 at the end of the indicator-creating op 
eration, is connected to the signal input line 26 of the 
column 1 flip-flop. 21 for the purpose of adding the binary 
quantity “1” to whatever binary quantity stands in the 
register at the end of the operation wherein an indicator 
is created, and prior to reading out the indicator. The 
purpose of adding 1 will also be presently explained. 

Referring now to Figure 2, the circuits therein illus 
trated are the column 1 and column 2 flip-flops 21 and 
22, respectively. Considering the column 1 flop-flop. 21, 
the circuit is basically an Eccles-Jordan circuit including 
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first and second triodes 54 and 55, respectively, connected 
at their anodes to an anode voltage terminal B-, via 
anode resistors 56 and 57, respectively, and at their 
cathodes to a common ground via a cathode resistor 58, 
which is bypassed for alternating current by a suitable 
capacitor 59. An inductor 60 is connected between the 
anode resistor 57 of the second triode and the B -- ter 
minal. A diode 84 is connected in shunt with the induc 
tor, the cathode being connected to the B- end thereof. 
Each anode of each triode is connected via a suitable 
paralel-resistance-capacitance circuit 61 or 62 to the con 
trol grid 64 or 7 of the other triode. The control grid 
7 of triode 55 is connected to the output line 32 of the 
column 2 flip-flop 22 via the delay line 42, the shift gate 
48, the first side input line 30, a capacitor 72, and a diode 
73 in series, the anode of the diode 73 being connected 
to the grid 71. A resistor 75 is connected between the 
grid 71 and ground. A resistor 74 is connected be 
tween the cathode of the diode 73 and the cathode of 
the triode 55. By this connection to the grid of triode 
55, an output pulse 92 from the column 2 flip-flop. 22 
is impressed upon the column 1 flip-flop. 21 if the shift 
gate 48 is in an open condition. The reset pulse generator 
20 is connected to the control grid 64 of triode 54 by 
way of the second side input line 45, a capacitor 87, 
and a diode 65 in series, the anode of diode 65 being 
connected to the grid 64 and the cathode of diode 65 
being connected to the cathode of the triode 54 via a 
resistor 67. A resistor 66 is connected between the con 
trol grid 64 and ground. 
Thus far, the circuit of the two triodes 54 and 55 will 

be recognized as the well-known Eccles-Jordan circuit 
which can be triggered at either of the control grids 
64 or 71 by means of a negative pulse applied at the 
cathode of the diode 65 or 73, respectively. Each of 
the control grids 64 and 71 has a second diode 77 and 
78, respectively, connected thereto at its anode. The 
cathodes of these second diodes are connected together 
and via a coupling capacitor 79 to the signal input line 
26 which is connected to weighting gate #1. A resistor 
80 is connected from the cathodes of the second diodes 
77 and 78 to the cathodes of the triodes 54 and 55. A 
negative pulse 17 brought into the flip-flop via the input 
line 26 will change the state of the flip-flop regardless 
of its preexisting state. A negative pulse 86 or 92, 
which is brought into the flip-flop at one side or the 
other only, will change the state of the flip-flop only if 
the triode to which it is applied is previously in a con 
ductive state. 
The output signal line 31 of the flip-flop is connected 

via a coupling capacitor 83 to the junction point 52 of 
the anode circuit resistor 57 of the second triode 55 and 
the inductor 60. The diode 84 is connected at its anode to 
said junction point. When the second triode 55 is ren 
dered non-conductive, the potential of the anode thereof 
assumes a "high' state, and, when this triode is rendered 
conductive, the anode potential thereof assumes a “low” 
state. The Eccles-Jordan circuit of the flip-flop is so 
dimensioned that it can occupy only one state wherein 
the first triode 54 is conductive and the second triode 55 
is nonconductive, or the opposite state, and its state is 
abruptly changed by a negative pulse such as the pulse 
17, 86 or 92 properly applied thereto. When the second 
triode 55 is abruptly rendered conductive, current be 
gins abruptly to flow through the inductor 60. During 
the initial surge of current, the junction point 52 of the in 
ductor and the anode resistor 57 undergoes a corres 
pondingly abrupt change in potential in the negative di 
rection with respect to the B-- terminal, and thereafter 
a substantially exponential change in potential in the 
positive direction, returning eventually substantially to 
the potential level of the B-- terminal. . These changes 
produce the output pulse 92. Any tendency of the junc 
tion point 52 to assume a potential which is positive with 
relation to the B-- terminal is inhibited by the diode 84 
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6 
which is shunted across the inductor 60, since the diode 
becomes conductive when that happens and short-circuits 
the inductor. Thus, when the second triode 55 is abrupt 
ly rendered nonconductive, no positive pulse correspond 
ing to the negative pulse 92 is produced. The diode 84 is 
thus employed as a diode clamp, and it will be recognized 
by those skilled in the art that a crystal or other form of 
dry rectifier may be employed in place of an electron-tube 
diode, if desired. 
The circuit of the column 2 flip-flop 22 is identical to 

that of the column 1 flip-flop. 21 and will not be described 
in detail. Similar elements of both circuits bear the same 
reference characters. Likewise, the column 3 and 4 flip 
flops 23 and 24, which are not shown in Figure 2, have 
similar circuits to that of the column 1. The column 4 
flip-flop. 24, however, has no input line to the first side 
thereof, and accordingly, in column 4, the first side input 
diode 73, and its resistor 74 and capacitor 72, may be 
omitted, if desired. 

Each flip-flop is operated by negative pulses. The input 
pulse 17 from a weighting gate is a negative pulse applied 
to the cathodes of input diode 77 and 78 in parallel. 
This pulse cuts off the triode 54 or 55 which is conductive, 
thereby rendering the other triode conductive. The out 
put pulse 92 from a shift gate 46, 47 or 48 is negative, 
and is applied through the capacitor 72 and first side 
input diode 73 to the control grid 71 of the second triode 
55, and is effective to cut off triode 55 should that tube 
be conducting when pulse 92 arrives. The reset pulse.86 
from the reset pulse generator 20 is negative, and is ap 
plied through a capacitor 87 and second side input diode 
65 to the control grid 64 of the first triode 54, and is 
effective to cut off triode 54 in the event that that tube is 
conducting when the reset pulse 86 arrives. Thus, the 
pulse 17 from the weighting gate causes a change of state 
of the flip-flop regardless of the state thereof at the time 
pulse 17 arrives, while the reset pulse 86 or the output 
pulse 92 changes the state of the flip-flop only if the triode 
to which it is applied is conductive at the time of ap 
plication. 

It is important to remember that the output of each 
flip-flop. 21 to 24, inclusive, is either a negative pulse 

As a matter of definition, it may 
be stated that, when the second tricde 55 is in a noncon 
ductive condition, a “1” stands in the flip-flop, and, when 
triode 55 is in a conductive condition, a “O'” stands in 
the flip-flop. The basis of this definition is that the nega 
tive pulse 92, which the flip-flop will furnish when the 
second triode 55 is rendered conductive, is employed to 
represent the digit 1 being extracted from the flip-flop. 
In accordance with this definition, when the negative reset 
pulse 86 is furnished to the flip-flops, it causes all four 
flip-flops to stand simultaneously at zero, 
The various gates of the system of Figure 1 may be 

constructed in accordance with Figure 13, if desired. In 
Figure 13, a signal input pulse 801 is applied at a signal 
input terminal 802. Terminal 802 is connected to one 
side of an input coupling capacitor 803, which is connect 
ed at the other side to the junction 804 of a resistor 805 
and a unidirectional conductor 806. The unidirectional 
conductor 806 and others shown and described herein 
may be of any desired form, for example, an electron 
tube diode or a crystal or other form of rectifier may 
be used, and will hereafter be referred to simply as a 
rectifier. The function of rectifier 806 is essentially 
that of a clamp and it is poled to conduct current to 
ground at 807 whenever the junction 804 becomes positive 
with respect to ground. In this manner, the signal pulse 
is maintained practically purely negative. Resistor 805 
is connected at its other end to the junction 868 of a 
second rectifier 809 and one side of an output coupling 
capacitor 811. The second rectifier 809 is connected to 
ground at 812 via a second resistor 813, and is poled to 
become conductive between ground and junction 808 
whenever the junction 808 is negative with respect to the 
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grounded side of the rectifier. The junction 814 of this 
grounded side and the second resistor 813 is connected via 
a gate pulse coupling capacitor 815 to a terminal 86 
via which a negative gate pulse 817 is introduced. The 
output coupling capacitor 811 is connected at its free 
side to a signal pulse output terminal 818. 
The values of resistors 35 and 813 are designated as 

R and R2, respectively. R1 is much greater than R2, for 
example, these may be 5,600 ohms and 300 ohms, respec 
tively. The peak magnitude of the gate pulse 817 should 
be at least as great as that of the signal pulse 801, and is 
preferably slightly greater. If these conditions are pro 
vided, the gate pulse 817 is able to so bias the grounded 
side of the second rectifier 809 with respect to ground 
that the signal pulse 801 cannot render junction 808 nega 
tive with respect to said grounded side. Thus, if the gate 
pulse 817 and the signal pulse 80 occur simultaneously, 
the signal pulse 801 passes through capacitor 803, resistor 
805, and capacitor 811 to the output terminal 801. In this 
condition, the gate is said to be "open.” On the other 
hand, if the gate pulse 817 is absent, the signal pulse 801 
is able to render junction 808 negative with respect to the 
grounded side of the second rectifier 809, and is there 
fore conducted to ground at 812 via the second resistor 
813. The resistance of the rectifier 809 when conductive 
is about 100 ohms. Acordingly, the total resistance from 
the input terminal 862 to ground at 812 is 6,000 ohms, 
and junction 808 is 400 ohms from the grounded end of 
this resistance. Thus, there is in effect a voltage divider 
from the input terminal 802 to ground at 812 by which 
the peak voltage of the signal pulse 801 is reduced to 
about 460 of its original value. The resulting amount of 
signal pulse voltage that reaches the output terminal 818 
is so small as to be inoperative upon the circuits that fol 
low, and, therefore, the gate is said to be "closed" in this 
condition. 
The gate of Figure 13 may be employed as a weighting 

gate 11, 12 or 13 in the system of Figure 1 by bringing 
the binary number pulse 17 to the signal input terminal 
802 and the gating pulse 18 to the gate pulse terminal 816 
thereof. It may be employed as a shift gate 46, 47, 48 or 
49 by applying the flip-flop output pulse 92 to the signal 
input terminal 802 and the shift readout pulse 93 to the 
gate pulse terminal 816, or as a carry gate 36, 37 or 38 by 
applying the count control pulse 40 to the gate pulse ter 
minal 816 in place of the shift read-out pulse 93. 

In the gate of Figure 13, the signal and gate pulses 801 
and 817, respectively, are both negative, and the output 
pulse is negative. 
inverting the connections to the two rectifiers 806 and 809 
so that a positive input pulse 821 and a positive gate 
pulse 827 will produce a positive output pulse 821. Other 
wise, the gates of Figures 13 and 14 are similar in con 
struction and operation. Figure 15 illustrates a sonne 
what different gate wherein the polarities of the signal and 
gate pulses are opposite. 

In Figure 15, a negative signal pulse 831 is brought 
to the input terminal 832 and coupled via a first coupling 
capacitor 833 to the junction 834 of a first resistor 835 
and first rectifier 836. Rectifier 836 is connected to 
ground at 837, and poled to clamp the input pulse 831 to 
be susbtantially purely negative, in the same manner as 
rectifier 806 in Figure 13. Resistor 835 is connected at 
its other end to the junction 838 of a second rectifier 839 
and a second resistor 841. The second rectifier 839 is 
connected to ground at 842 and poled oppositely to the 
first rectifier 836. Tthe other end of resistor 841 is con 
nected to the junction 843 of a third rectifier 844 and one 
side of a gate pulse coupling capacitor 845. A positive 

In Figure 14, this gate is modified by 
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gate pulse 846 is brought to the other side of the capaci 
tor 845 via a gate pulse input terminal 847. The third 
rectifier 844 is connected to ground at 848 and poled to 
clamp the gate pulse 846 to be substantially purely posi 75 

8 
tive. Junction 838 is connected via signal output coupling 
capacitor 849 to a signal output terminal 850. 

Resistors 835 and 841 are preferably of the same value, 
Ra. In the absence of a signal pulse 831, the gate pulse 846 
passes through resistors 841 and 835 and rectifier 836 to 
ground at 837. The potential level of the gate pulse at 
junction 838 is sufficiently high so that a positive signal 
pulse 851 appears at the output terminal 850. When the 
signal pulse 831 is present, it substantially cancels the posi 
tive gate pulse at junction 838. To this end, the magni 
tudes of the two input pulses 831, 847 are preferably ad 
justed so that, when both are present, rectifier 839 be 
comes at least slightly conductive. The gate of Figure 
15 is thus one in which, when a signal pulse 831 is present, 
there is no output pulse, but, when the signal pulse 83. 
is absent, there is an output pulse 851 of the opposite 
polarity. This gate has use in the present invention, as 
will be described later. Although many other forms of 
gates can be devised, and some others will be described 
later, an understanding of the foregoing gates will aid in 
the explanation of the operation of many parts of the sys 
tems described herein. 

Referring now to Figure 3, the diagram of this figure 
illustrates the operation of the four-column register of 
Figure 1 when binary number pulses 7 are being brought 
thereto to create an indicator. During each step of this 
operation, the carry gates 36, 37 and 38 in Figure 1 are 
all open, since the count control pulse 40 occurs simul 
taneously with each binary number pulse 17 or pulse 
space, while the shift gates 46 to 49, inclusive, are closed 
throughout the operation. A negative pulse 86 from the 
reset pulse generator is applied to the register, that is, to 
all the flip-flops in parallel, prior to commencing the op 
eration. By so doing, triode 54 of each flip-flop is ren 
dered nonconductive, thereby rendering triode 55 of each 
flip-flop conductive. Then, when the first pulse 17 from a 
weighting gate is introduced into the register, it renders 
the triode 55 of the flip-flop to which it is applied noncon 
ductive, so that a 1 stands in the flip-flop. Thus, if there 
is a pulse 17 in the first binary number space, column 1 
flip-flop 21 stands at 1 when the pulse is applied through 
weighting gate #1. In the case where the binary num 
ber has a second pulse 17 in the second binary number 
space, this second pulse is applied through weighting 
gate #2 to column 2 flip-top 22, thereby causing flip-flop 
22 also to stand at 1. Consider now that the third binary 
number space of the input number is a Zero. Then no 
pulse is applied to column 3 flip-flop 23 when weighting 
gate #3 is opened, and flip-flop 23 stands at zero. If 
further the fourth binary number space contains a pulse 
17, this fourth space pulse is applied through weighting 
gate # 1 to column 1 flip-flop. 21, and initiates the follow 
ing sequence of events. First, the fourth column number 
pulse 17 renders triode 54 of column 1 flip-flop 21 non 
conductive and therefore renders triode 55 of the same 
flip-flop conductive. As a result, column 1 flip-flop. 21 
produces an output pulse 92 in its output line 31 and then 
stands at zero. The second event that takes place is that 
output pulse 92 from column 1 flip-flop 21 is carried via 
output line 31 to input line 27 of column 2 flip-flop 22 
where it is effective in the same manner as a binary nun 
ber pulse 17 from weighting gate #2. Therefore, column 
2 flip-flop 22 is caused to stand at zero and to produce an 
output pulse 92 in its output line 32, which provides the 
pulse 92 to the input line 28 of column 3 flip-flop. 23. It 
will be remembered that flip-flop 23 has, to this point, 
been standing at zero, and now is caused to stand at 1 
by the output pulse 92 from the column 2 flip-flop 22. 
Thus, the register has performed the addition of binary 
number 1 to binary number 0 1 1 and now stands at the 
sum of those numbers, which is 100 in the binary system. 

In the same fashion, the register illustrated in Figure 3 
continues to add digits represented by pulses 17 applied 
to the various flip-flops in columns 1, 2 and 3. However, 
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the register shown in Figure 3 differs from an ordinary 
adding device in that it is limited to four columns. Thus, 
when this register arrives at binary 15, which is expressed 
1 1 1 1 in the binary system, the addition of a single pulse 
in column 1, namely, the addition of binary 1, causes the 
register to stand at 00 00. As is known, the binary repre 
sentation of 16 is 1 00 00, but the register shown in 
Figure 3 is lacking a fifth column, and therefore, repre 
sents binary 16 by 00 00. Thus, binary 17 is represented 
by 00 0 1, which is the same as the binary representation 
of 1. It is apparent, therefore, that the register shown in 
Figure 3 counts up to 15 and starts over again at zero 
with 16, thereafter counting 17 to 31 in the same manner 
as 1 to 15, respectively, and starting over again with 32. 
This process is repeated at 48, 64 and all integral multiples 
of 16. The register of Figure 3 is accordingly called a 
"modulo 16” counter. It has the property that regardless 
of the magnitude of a binary number that is provided 
from the binary number input 10, after the entire binary 
number has been applied to it as shown in Figure 1, it 
stands at a particular four-column binary number which 
is arrived at by a process in which the columns of the 
original binary number being treated are weighted, from 
right to left, in the fashion 1 2 4 1 2 4 1 2 4, and then 
the weighted sum of those columns wherein there is a 
"1" is taken in the fashion modulo 16 as set forth above; 
that is, the first column binary digit commencing at the 
right-hand side of the binary number input is applied to 
column 1, the digit of the second column to the left to 
column 2, the digit of the third column to the left to 
column 3, the digit of the fourth column to the left to 
column 1, etc. As will be recognized, a digit in column 3 
represents binary number 4, a digit in column 2 repre 
sents binary number 2, and a digit in column 1 represents 
binary number 1. Hence, the various columns of the 
original binary number input are considered to be 
weighted in the manner set forth, and, therefore, the gates 
11, 12 and 13 are called "weighting gates.” 

Figure 4 illustrates the register of Figure 1 as arranged 
to read out the information stored therein. The four 
column binary number indicator which is generated by the 
register may be read out of the register at any desired 
pulse repetition frequency which is controlled by the fre 
quency with which the reset pulse generator 20 produces 
reset pulses 86. The shift read-out control pulse genera 
tor 51 produces a shift read-out pulse 93 substantially 
simultaneously with the production of each reset pulse 86, 
so that the shift gates 46 to 49, inclusive, are all opened 
each time a reset pulse 86 is produced. Consider, for 
example, that the four-column binary number 1 1 0 1 
stands in the register. Now apply a reset pulse 81 from 
the reset pulse generator 20 to the register. This pulse 
is applied to the first triode 54 of each flip-flop, which 
triode is conductive in each flip-flop which stands at 1 
and nonconductive in each flip-flop which stands at zero. 
Being negative, the pulse 86 renders triode 54 nonconduc 
tive in each flip-flop that stands at 1, namely, the column 
4, 3 and 1 flip-flops 24, 23 and 21, respectively, causing 
all the flip-flops to stand at zero. In the case of the col 
umn 4, 3 and 1 flip-flops 24, 23 and 21, respectively, this 
change causes the second triode 55 to become conductive, 
and, therefore, each of flip-flops 24, 23 and 21 produces 
an output pulse 92 in output lines 34, 33 and 31, respec 
tively. The output pulse 92 from line 31 is available via 
the serial read-out terminal 50 (Figure 1) to a succeeding 
circuit, and may be said to have been "read out.” Thus, 
the serial read-out terminal 50 may be connected to the 
memory of a complete computer system (not shown), 
where its output can be stored together with the original 
binary number, in the manner illustrated in Figure 5, for 
example, and through the memory to the word input line 
of Figure 6, as will presently appear. After suitable de 
lay furnished by the delay lines 44 and 43 which permits 
the output pulse 92 from the first column flip-flop 21 to 
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be removed, the reset and shift read-out pulses 86 and 
93, respectively, to terminate, and the shift gates 46 to 
49, inclusive, to become closed, the output pulses 92 in 
lines 34 and 33, respectively, are provided to the control 
grids 71 of the second triodes 55 of the column 3 and 2 
flip-flops 23 and 22, respectively. As a result, the second 
triode 55 of each of columns 2 and 3 is again rendered 
nonconductive, so that a 1 stands in each of columns 2 
and 3. Since the column 2 flip-flop 22 produces no out 
put pulse 92, the column 1 flip-flop 21 stands at zero. 
Thus, in response to the first reset pulse 86 from the 
reset pulse generator 20, the binary number 1 1 0 1 is 
shifted one column to the right in the register which now 
stands at 0 1 1 0, and the extreme-right-hand digit of the 
original number has been read out. Because of this shift 
ing action, the register employed as in Figure 4 is termed 
a “shift register.” 

Similar considerations to the foregoing make apparent 
the fact that each reset pulse 86 causes the number stand 
ing in the shift register to shift one column to the right 
and simultaneously causes the extreme right-hand digit 
to be read out. Thus, the repetition rate with which a 
number standing in the register is read out is determined 
by the repetition rate of the reset pulses 86. The number 
1 1 0 1 can, therefore, be read out as 1 1 0 1 at any pulse 
repetition frequency desired. 

If desired, a binary number can be serially read into the 
shift register of Figure 4 by applying the number at an 
input line 81 brought into the first side of the column 
4 flip-flop 24. This input line is connected to the flip-flop 
as line 30 is connected to flip-flop 21 in Figure 1, for 
example. The process of reading in is to apply the first 
column binary number information via line 81 to act upon 
flip-flop 24, and then to shift the information to the right 
in the register with a reset pulse 86. This process is re 
peated until the binary number has been read into the 
register. Obviously in this arrangement, a shift register 
constructed as shown in Figure 4 may have as many 
columns as are necessary to accept the incoming binary 
number. A shift register employed in this manner has 
utility in a system to be described below. The reading 
out of binary-form information so stored in the shift 
register is exactly the same as described above. 
The function of the shift gates 46, 47, 48 and 49 and 

the carry gates 36, 37 and 38 now becomes apparent, 
Referring again to Figure 1, it will be noted that the out 
put lines 31, 32 and 33 are each connected in parallel to 
an input to both adjacent flip-flops. The carry gates 36, 
37 and 38 are opened when it is desired to carry the out 
put from a flip-flop of one column to the next higher 
column flip-flop, that is, when a binary number is being 
Weighted and information is being put into the register to 
generate an indicator. The shift gates 46, 47, 48 and 49 
are opened when a number is being read out of the 
register. Therefore, the count control pulse generator 39 
provides its pulse 40 to open the carry gates 36, 37 and 
38 in synchronism with the pulses 17 of the binary number 
which is being weighted, and the shift read-out control 
pulse generator 51 provides its pulses 93 to open the shift 
gates 46, 47, 48 and 49 simultaneously with the reset 
pulses 86 of the reset pulse generator 20. In this manner 
the two functions of the register of Figure 1 are main 
tained separate and distinct. 
When a binary number is treated in the foregoing ap 

paratus, the four-column binary number that is generated 
in the register may be termed an "indicator' for the rea 
son that it has a characteristic value which depends upon 
the original binary number. Since the indicator is gener 
ated by a method of weighted count, that is, a method 
wherein each column of the original binary number is 
weighted in accordance with a prescribed scheme prior 
to being counted, the indicator may also be termed the 
"weighted count of the binary number." 

For the purpose of monitoring or supervising the 
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identity of a binary number in any system, the weighted 
count or indicator is preferably generated immediately 
upon the creation of the binary number itself, and there 
after carried with it throughout the complete computer 
system. For example, a binary number and its count are 
illustrated in Figure 5, where a fifteen-column binary 
number and its weighted count are shown. Online A-A 
of Figure 5 there is illustrated, starting at the left-hand 
end, a fifteen-column binary number comprising pulses 
17, each of which represents the digit 1, and empty pulse 
spaces 98, each of which represents a zero. The fifteen 
column binary number shown on line A-A thus repre 
sents the binary number 10 0 1 1 0 1 1 0 1 0 1 1 0 1 
which is shown on line B-B. Following the number to 
the right, there is a single space 96 which is reserved for 
the algebraic sign of the number, as is desirable when the 
number represents a mathematical quantity. In the pres 
ent example, the absence of a pulse in the space 96 is rep 
resentative of a (--) sign, and the presence of a plus in 
that space is representative of a (-) sign. In the ex 
ample shown in Figure 5, the sign of the fifteen-column 
binary number is (--) as shown on line B-B, since there 
is no pulse present in space 96 in line A-A. Further to 
the right beyond the sign space 96 are the pulses of the 
weighted count, which constitute a four-column binary 
number. The weighted count in the present example is 
the binary number 0 0 1 0 where the digit 1 is represented 
by a single pulse 97 in the second column, the rest of 
the pulse columns being blank. The weighted count 
shown in Figure 5 was generated by weighting columns 
of the binary number, starting at the right-hand end, in 
accordance with the arrangement set forth above. How 
ever, column 96, reserved for the algebraic sign, is, in 
this example, included with the number so that actually 
16 columns were weighted. The reason for this is that 
for mathematical purposes it is desirable to know not 
only when a pulse has been lost or gained in the number 
itself, but whether or not the algebraic sign is correct, 
Weighting the binary number and its sign in Figure 5 in 
accordance with the weights 1 2 4 1 2 4 1 2 4 etc., from 
right to left, would yield a weight of 17, which is binary 
number 00 0 1. However, since the number Zero is the 
same in both the binary and decimal systems, that is, the 
same for base 2 and base 10, binary number 1 is added 
to the weighted count 17 in order that the binary number 
and its count may never both simultaneously be Zero. 
Thus, the weighted count shown in Figure 5 is 18, or 
binary number 0 0 1 0, instead of 17, as would be expect 
ed. Binary number 1 is added in Figure 1 by means of 
the add 1 pulse generator 25 which is operated to add 1 
pulse through the column 1 flip-flop 2i at the end of 
the generation of a weighted count or indicator. in this 
manner, if a pulse is lost or gained in any binary number 
or its weighted count, the fact can be detected by appara 
tus to be described bellow. 
As has been set forth, it is preferable, once a binary 

number and its sign appear in a system, immediately to 
generate an indicator which is here a weighted count in 
the form of a four-column binary number, and to carry 
the indicator at all times with the original binary number 
and its sign. The arrangement shown in Figure 5 which 
includes the number, its sign, and its weighted count in 
one group of pulses, is termed "one word.' One word 
for a fifteen-column binary number, its sign, and a four 
column indicator includes 20 columns. In a conservative 
system, each pulse space may be ten microseconds wide 
and each pulse, when it occurs, one microsecond wide 
within that space. This provides ample separation be 
tween pulses and ample opportunity to detect the absence 
of a pulse indicating a zero in a particular column. A 
twenty-column word, as shown in Figure 5, is, with this 
column interval, 200 microseconds long, or one five 
thousandths of a second. With such rapidity of operation, 
it should be obvious that a means of checking the identity 
of a number and its sign each time they are handled is 

O 

23 

30 

40 

50 

60 

75 

12 
of extreme value, if the speed with which they can be 
handled is to be enjoyed. It is possible to employ the 
present checking system with its characteristic indicators 
in various systems, including all forms of pulse telemeter 
ing and pulse-type calculating systems. 

Referring now to Figure 6, the apparatus there shown 
Supervises the identity of a binary number which has 
been converted to a word of the kind shown in Figure 5. 
In systems which employ binary notation, particularly, 
for example, calculating machines, the entire word may 
be stored for a period of time in a memory system (not 
shown). Examples of such memory systems are mercury 
delay lines and recirculating circuits for short-term stor 
age, or magnetic tapes which are moved mechanically for 

; orig-term storage. Whenever it is desired to inject a par 
ticular bit of information into a calculation or a presenta 
tion of information, the binary number or binary pulse 
series which represents the information is extracted from 
the memory. The apparatus shown in Figure 6 accepts 
the word, which includes the binary number information, 
separates the number and its sign from the indicator, 
stores the original indicator in a register similar to that 
shown in Figure 1, generates from the number and its 
sign a new indicator in a weighted count indicator gen 
erator similar to that shown in Figure 1, and then com 
pares the original indicator with the newly generated il 
dicator to determine whether or not the binary number 
that has been extracted from the memory is the same as 
the binary number which was furnished to the memory. 
The apparatus of Figure 6 includes a gate 101 into 

which is introduced the word which is being transferred 
from memory. A synchronizing or "clock" pulse 102, 
which is a pulse furnished by any suitable central control 
pulse generator for the purpose of initiating the operation 
of the apparatus, is applied at an input terminal 103, 
which is connected in parallel to a delay line 164 and a 
gate control pulse generator 105. The gate control pulse 
generator has two output lines 106 and 197 in the first 
of which it provides a control pulse 108 and in the second 
of which it provides a control pulse 109, when it is trig 
gered by the clock pulse 102. The gate contro pulse 
generator 85 will be of any suitable form, for example, 
a multivibrator, which produces the pulses 108 and 109 
with a separation of substantially four columns of the 
word, as shown on line C-C in Figure 5. The clock 
pulse is furnished also to the word input gate E1 through 
the delay line 04 and opens the gate to call the word 
out of the memory at about the same time that the first 
gate control pulse 108 is generated by the gate control 
pulse generator 105. The control pulse 108 goes to a 
count gate 111, via line 106, for the purpose of opening 
that gate. The indicator, which is the four-column binary 
number having the pulses of the weighted count, appears 
first; that is, the word appears to be coming out of the 
memory with the extreme right-hand column in Figure 5 
appearing first. 
The first four columns of the word occur when the 

count gate 111 is open and are presented to a four-column 
register 110 like that of Figure 4, comprising flip-flops 
121 to 124, inclusive, and delay lines 137 to 139, in 
clusive, corresponding to flip-flops 21 to 24, respectively, 
and delay lines 42 to 44, respectively, in Figure 4, via an 
input line 113 to the column 4 flip-flop 124 which cor 
responds to the input line 81 of Figure 4. All four flip 
flops in the shift register 110 are previously cleared to 
stand at zero by a reset pulse 129 from a reset pulse 
generator 120, similar to the reset pulse generator 20 of 
Figure 1. The reset pulse generator 126 is set into oper 
ation by the clock pulse 102 via line 112 and generates 
sufficient reset pulses 129 to clear the shift register and 
read in the weighted count of the word. Since there is 
no need for the separation of two functions as in Figure 
1, shift register 110 is not provided with shift gates. 
There now stands in the shift register 110 the original 
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187 to ground in this circuit. An additional rectifier 196 
is connected from the junction of the coupling capacitor 
191 and resistor 192 to ground at 197 and suitably poled 
to remove from this circuit any voltage which may appear 
which is negative with respect to ground. As a result, 
the positive pulse 187 which appears in the series circuit 
of resistor 192, rectifier 193 and resistor 194 is wholly 
positive with respect to ground. A path for the negative 
secondary pulse 186 is provided to ground at 201 via 
a resistor 202. A rectifier 203 is connected at one side 
to the junction of resistor 202 and secondary section 183, 
and to the other side to a point 204 by way of which a 
connection is made to further circuit elements to be de 
scribed below. Rectifier 203 is poled to conduct the 
negative pulse 186 to point 204. 
The other weighted count input line 131 is connected 

to a second electronic relay 205 which includes an elec 
tron tube 206. The negative pulses 97 of the weighted 
count which is brought in via line 131 are applied to the 
control grid 207 of the electron tube 206 via a coupling 
capacitor 208. The anode 209 of the electron tube 206 
is provided with anode potential from a source B-- there 
of via a resistor 211 and the primary winding 212 of a 
transformer 213 in series. A rectifier 214 is connected 
in shunt with the primary winding 212, being poled to 
conduct a negative pulse from the anode end to the re 
sistor end thereof. The cathode 215 of the tube 206 is 
connected directly to ground at 216 and to a source, B-, 
of potential which is negative with respect to ground via 
a biasing resistor 217 and a voltage dropping resistor 218 
in series. The control grid 207 is connected to the junc 
tion of these two resistors via a current-limiting resistor 
219. The screen grid 221 is provided with suitable po 
tential from the B- source via the anode resistor 2 
and an additional dropping resistor 222 in series, and is 
bypassed to ground at 216 via a bypass capacitor 223. 
An additional bypass capacitor 224 is connected from 
the junction of the resistors 211 and 222 to ground at 
225. The circuit of relay 205 will be recognized as sim 
ilar in many respects to the circuit of relay 162. How 
ever, the bias resistor 217 of relay 205 is substantially 
smaller than the bias resistor 166 of relay 162 with the 
result that the electron tube 206 is normally in a conduc 
tive state. Thus, when a negative pulse 97 is applied 
to the control grid 207, the tube 206 becomes less con 
ductive and a positive pulse 226 appears at the anode 209, 
since the lower or anode end of the primary winding 212 
becomes positive with respect to the upper or B-- end 
thereof. 
The secondary winding of transformer 213 consists of 

two sections 228 and 229 serially connected with their 
junction point grounded at 230. The secondary sections 
are so poled that a pulse 231 which is negative with. 
respect to ground appears at the free end of section 228, 
and a pulse 232 which is positive with respect to ground 
appears at the free end of section 229. The free end of 
section 229 is connected to the junction point 233 of rec 
tifier 193 and resistor 194 of the circuit of the positive 
pulse 187 which is provided by relay 162. By way of 
this connection, the positive pulse 232 is able to bias the 
rectifier 193 to a nonconductive state as far as positive 
pulse 187 is concerned. As a consequence, when the 
positive pulse 232 exists simultaneously with a positive 
pulse 187, positive pulse 187 proceeds along line 235 
instead of being conducted to ground at 195. 
The negative pulse 231 is connected to point 204 via 

a rectifier 236 which is suitably poled to conduct nega 
tive pulses to said point. It will be recalled that nega 
tive pulse 186 is also provided to point 204 via rectifying 
device 203. 
The clock pulse 150 is provided also to a second ciock 

pulse input terminal 238, which is connected by way of 
a coupling capacitor 241, resistors 242 and 243, and a 
rectifier 244, in series, to ground at 245. The junction 
of resistor 243 and rectifier 244 is directly connected to 
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point 204, and this point is connected via a resistor 246 
to ground at 247. The rectifier 244 is suitably poled to 
conduct positive pulses like the clock pulse 150 to ground 
at 245. Another rectifier 248 is connected from the 
junction 250 of resistors 242 and 243 to ground at 251, 
and is suitably poled to conduct negative pulses to ground. 
till another rectifier 252 is connected from the junction 
of capacitor 241 and resistor 242 to ground at 253 and is 
suitably poled to conduct negative pulses to ground. This 
arrangement will be recognized as similar in many re 
spects to gate 26, with inputs at point 204 and terminal 
238, and an output at junction 250. A negative pulse 
186 or 231 flows through resistor 243 to ground at 251 
via rectifier 248, while the clock pulse 150 flows through 
resistors 242 and 243 to ground at 245 via rectifier 244. 
Thus, at junction point 250 either one of negative pulses 
186 or 231 can be in opposition to the positive clock pulse 
58. In this respect, junction point 250 and junction 

point 156 are similar. 
Output line 235 is connected via a coupling capacitor 

255 to the first control grid 256 of a double triode type 
electron tube 257. A resistor 258 is connected between 
the first control grid and ground at 259. Junction point 
250 is connected via a coupling capacitor 260 to the sec 
ond control grid 26 of the double triode 257, and a re 
sistor 262 is connected from said second control grid to 
ground at 263. The two anodes 264 and 265 of the 
tube are connected together and via an anode resistor 
266 to a source, B--, of anode potential and bypassed to 
ground at 291 via a bypass capacitor 292. The two 
cathodes 267 and 268 of the tube 257 are connected to 
gether and via a cathode resistor 269 to ground at 270. 
An additional electron tube 271 including an anode 272, 
control grid 273 and cathode 274 has its control grid 273 
connected via a coupling capacitor 275 to the junction 
of the cathode resistor 269 and the cathodes of the double 
triode tube 257. Anode potential is supplied to the tube 
271 from the source B-- of anode voltage via an anode 
circuit resistor 276. The cathode 274 of the tube 271 
is grounded at 277 and connected via a biasing resistor 
278 and current limiting resistor 279 to a source, B-, of 
potential which is negative with respect to ground. The 
grid 273 is connected to the junction of resistors 278 
and 279 via a current-limiting resistor 280. The output 
signal connection 135 is made from the anode 272 of 
tube 272 via an output coupling capacitor 28i. 
The double triode tube 257 is normally conductive and 

self-biasing at the cathode by virtue of the cathode re 
sistor 269 which may be approximately 3,000 ohms. 
When the positive pulse 187 proceeds along line 235 to 
the first control grid 256, it renders one triode section 
of the double triode tube 257 more conductive, so that a 
corresponding positive pulse 283 appears in the cathode 
resistor 269. When the clock pulse 50 which is intro 
duced at clock pulse input terminal 238 is not opposed 
by a negative pulse 86 or 231, it is impressed upon the 
second control grid 261 and renders the other triode 
section conductive, causing the positive output pulse 283 
to appear. The output tube 271 is normally cut off by 
the bias voltage in resistor 278, and is rendered con 
ductive by the positive output pulse 283. This results 
in the production of a negative output pulse 284 in the 
output line 135, which is the error signal. 
The operation of the circuit of Figure 7 should now 

be readily understood. There are four conditions which 
the circuit is called upon to determine. These are as 
follows: 

(1) The condition in which a vacant pulse space, 
representative of a zero, is presented in line 131, and a 
similar vacant pulse space is presented in line 132. In 
this condition, the clock pulse 150 introduced at terminal 
15i is not opposed at point 155, and the negative and 
positive pulses 186 and 187 are generated, while, at the 
same time, the negative and positive pulses. 231 and 232. 
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are not generated. Consequently, positive pulse 232 
being absent, positive pulse 187 proceeds to ground at 
195. Negative pulse 186, however, opposes positive clock 
pulse 150 at point 250. Therefore, neither of the control 
grids 256 or 261 is altered in potential and no error 
signal pulse 284 results. This is the desired operation, for 
the two input lines have received similar information. 

(2) The condition in which a vacant pulse space is 
presented to input line 131 and a negative pulse 97 is 
presented to input line 132. In this condition, the nega 
tive and positive pulses 186 and 187, respectively, are not 
generated, and the negative and positive pulses 231 and 
232, respectively, are not generated. As a result, clock 
pulse 150 is unopposed at point 250, and proceeds to 
the second control grid 261 of the double triode tube 
257, providing an error signal pulse 284. This is the de 
sired operation of the circuit, for now there is lack of 
coincidence between the information provided in the 
two input lines 131 and 132. 

(3) A situation in which a negative pulse 97 is pro 
vided in line 131 and a vacant pulse space is presented in 
line 132. In this situation, negative and positive pulses 
186 and 187 are generated and negative and positive 
pulses 231 and 232 are generated. Positive pulse 232 
biases rectifier 193 to a nonconductive state with respect 
to positive pulse 187, and positive pulse 187 proceeds 
via line 235 and capacitor 255 to the first control grid 
256 of the double triode 257, causing the generation of 
an error signal pulse 284 to warn of the lack of coinci 
dence. 

(4) The situation in which a negative pulse 97 is 
provided at each of the input lines 131 and 132. In 
this situation, the negative and positive pulses 186 and 
187 are not generated, while the negative and positive 
pulses 231 and 232 are generated. Negative pulse 231 
opposes positive clock pulse 150 at point 250, as a result 
of which no alarm pulse is generated. This is the desired 
operation, for now there is coincidence of the information 
at the two input lines 131 and 132. 

It is convenient now to review the invention as far as 
it has been described. The fundamental basis of binary 
notation is that the successive digits of a binary quantity 
may be said to be valued or weighted from right to left 
with the value 2n, where n is the column number, starting 
at the right-hand end of the quantity. The conventional 
or decimal system value of the binary quantity is then 
the sum of the weights of all of those columns in which 
a '1' appears. In accordance with the present invention, 
a different value is obtained by weighting the columns in 
a different, arbitrarily chosen manner. Any weighting 
scheme different from the scheme that yields the con 
ventional value may be used; in the example described 
herein, the apparatus was designed to employ the weights 
1, 2, 4, 1, 2, 4, 1, 2, 4, etc. for the successive columns 
from right to left. A new number is then found which 
is the sum of the new weights of all columns in which 
the digit 1 occurs. This new number, or rather the lowest 
order four digits of it, is called the “weighted count' of 
the original number and is carried with it as an indicator 
at all times. The "modulo 16" counter described in Fig 
ures 1-4, and more particularly in Figure 3, provides the 
weighted count. To prevent the number and its count 
from ever being both zero simultaneously, the digit “1” 
is added to the weighted count in the first column. Thus, 
a complete failure in transmission of a number and its 
count will be detected. In the case of a computing ma 
chine, each number stored in the memory has its weighted 
count stored with it (Figure 5), and the complete loss 
of both in storage is similarly detected. A number is 
checked at any time, particularly during a transfer from 
one place to another by formulating a new weighted count 
and checking this for identity with the weighted count 
carried with the number (Figures 6 and 7). 
The monitoring system of the invention is not limited 
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18 
to the weighting scheme 1, 2, 4, 1, 2, 4, etc., in fact, any 
arbitrary weights could be assigned to the columns. For 
example, the columns of the binary quantity may be 
weighted 1, 1, 1, 1, etc. Here the summation consists 
merely of adding up the number of 1's which appear 
in the quantity. This scheme of weighting and counting 
does not constitute as good a check as the 1, 2, 4 scheme 
described above since a loss of a “1” in a given column 
can be compensated for by the gain of a “1” in any 
other column which originally held a zero, whereas, in 
the 1, 2, 4 scheme, a very odd combination of circum 
stances is needed to render the number incorrect and at 
the same time render a newly generated weighted count 
correct. For example, suppose the binary quantity were 
to lose four 1's in columns 3, 6, 9 and 12. Under these 
extraordinary circumstances the weighted count would 
not change and yet the number would be incorrect. The 
possibility of such an occurrence is very remote, however, 
and, therefore, the identity check afforded by the system 
illustrated is of a high degree of validity. 
The use of modulo addition provides an indicator 

which has a fixed small number of columns, and can 
therefore be carried with the original binary quantity with 
Small additional cost in time and equipment. However, 
if desired, the Weighted count might be taken without 
nodulo, or with a modulo other than 16. In a very 
simple system employing modulo, the sum with the coi. 
umns of the original binary quantity all weighted, “1” 
may be added in a modulo 2 counter. Such a counter 
needs only one flip-flop, in which case its indication is 
either "1" or "0" depending upon whether the number 
of 1's in the original binary quantity is odd or even, or 
Vice versa. The accuracy of such a simple system is, 
however, much less than that of the System described 
herein, : ; 

The foregoing features of the invention provide nu 
merous advantages of economy, reliability, speed and 
diagnostic ability. Economy is had because is no longer 
necessary or desirable to provide two identical equipments 
Operated simultaneously with the same number informa 
tion to check the identity of the information. Reliability 
results from the high probability that the apparatus in ac 
cordance with the invention will unfailingly detect an 
error. Speed is had because the checking apparatus oper 
ates practically simultaneously with the main number 
handling apparatus and saves great amounts of time here 
tofore spent in locating faults which caused errors. The 
diagnostic ability of the invention is a great advantage, 
for it contributes to speed and reliability by locating the 
situs of a failure as wel as informing of the failure. As 
a Word is checked as it is transferred from location to lo 
cation, an error in its composition is made immediately 
evident, without waiting for an entire sequence of infor. 
mation items to be ruined, or, in the case of a computer, 
for an entire problem to be incorrectly solved and there. 
fore necessary to repeat. An error is detected at the point 
in a problem where it occurs, and the problem can be re. 
Sumed from this point when the cause of the erroris re 
moved. In prior checking systems for digital computers, 
for example, the existence of a time lag between an error 
and its detection makes it difficult to determine the exact 
point in the computing routine at which failure occurred, 
and, consequently, increases the difficulty of resuming op 
eration. The same fault lies with prior digital telemeter 
ing system in general. It is even possible in prior sys 
tems that intermittent errors might escape detection al 
together. Particularly in the case of a computer, it is diffi 
cult and sometimes impossible to construct a test prob 
lem which completely checks the machine, that is, one 
which tests all storage positions and/or all control circuits. 

SUPERVISING THE ACCURACY OF 
MATHEMATICAL OPERATIONS 

Not only is the present invention valuable for identity 
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monitoring, but it can also be used to supervise or check 
the basic arithmetic processes, by means of the weighted 
count. Such checks are possible because the sum (or dif 
ference, product, or quotient) of the weighted counts of 
two numbers has a known relation to the weighted count 
of the sum (or difference, product, or quotient) of the 
numbers themselves. 
An arbitrary scheme for checking binary number addi 

tions with weighted counts is set forth as follows: 
Weight each column as follows: 

Column: 10 9 8 7 6 5 4 3 2 1 
Weighted count: 16 8 4 2 1 16 8 4 2 1 
Take the total weighted summation of the columns bear 
ing 1’s without modification (that is, without modulo) to 
obtain the count of a number, and express the count in 
the binary notation. With this scheme of weighting, the 
formula that is used is: 

I(U--V)-(U--V)--31l--1 1 1 1 1 
Relation 1 

where U arnd V are the numbers to be added, U is the 
weighted count of U, and V is the weighted count of V. 
An example of an addition checked in accordance with 

this system is as follows: 
Let: 

Use 0, 0 1 1 0 1 1 1 0 0 1-441 
W = 0. O 1 0 1 0 1 0 0 1 1-339 

Then: 

U--W=0. 1 1 0 0 0 0 1 1 0 0 = 780 
The weighted counts are as follows: 

U=38= 1 0 0 1 1 0 
W=29= 0 1 1 1 0 1. 

U.--v.-67-10 00 0 1 1. 
The weighted count of (U--V) is: 

(U--V) =36=1 0 0 1 0 0 
Then: 

U-I-V-(U--V)=31=1 1 1 1 1 
Relation 2 

Now add binary 31 to the absolute value of Relation 2: 
Uc-+-V-(U-+-V)-l-31=62=1 1 1 1 1 0 

Relation 3 

Take the weighted count of Relation 3: 
U-I-V-(U-I-V)+31)=31-1 1 1 1 1 

Relation 1 

Relation 1 can be shown to be true for any binary ad 
dition, and, therefore, it may be used as a check that the 
binary addition was performed properly. 

It might seem from the foregoing that the step of add 
ing 31 (Relation 3) is superfluous, but there is the possi 
bility that U-Ve= (U--V), in which case the differ 
ence in Relation 2 would be 0 instead of five 1's. This 
happens, for example, when U or V is 32, for which the 
binary number is 1 0 0 00 0 and the count is 1, as 
shown in the following example where U-32 and V is 
arbitrarily chosen as 91: 

0 0 0 0 0 1 == 32 ?U 
W= 91 = 1 0 1 1 0 1 1 

U-v-123-1 i 1 1 0 1 
Then: 

U? 1 = 0 00 0 1 
W =29 = 1 1 1 0 1. 

(U.+v.) =30= 1 1 1 1 0 
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(U--V)-30-1 ) 1 1 0 
And: 

So that: 

(U--V) - (U--V)=0 0 00 0 
In accordance with Relation 1, add 31: 

(U--V)-(U--V)-4-31 = 1 1 1 1 
Whence: 

(U-V)-(U--V)--31}=1 1 1 1 
This scheme guarantees that the check will always be a se 
ries of five 1's in succession if the addition was performed 
correctly. 

Multiplication is checked in accordance with formula: 
I (UV)-(UV)--31 le=31 = 1 1 1 1 1 

Division is checked by the formula: Relation 4 
[|(U." Qe).--Re-V|-31).-31 = 1 1 1 1 1 

Relation 5 
Where: 

U=divisor 
V=dividend 
Q = quotient, and 
R= complete remainder 

Subtraction is commonly performed as a special form 
of addition, employing, however, the following variation 
of Relation 1: 

IU-Ve-(U-V)--31 le= i. 1 1 1 
Referring now to Figure 8, the system there shown 

checks the accuracy of an arithmetic operation in ac 
cordance with the foregoing considerations. The oper 
ands, U and V, are introduced by way of input line 301 
and an operand input gate 302. The gate is controlled 
by a clock pulse 303, which is introduced by way of a 
terminal 304 and a suitable line 395. The gate is of a 
type which is normally closed and, when triggered open, 
remains open for a suitable period of time to pass both 
U and V to a main arithmetic unit 306 and to a weight 
ing circuit 307. The main arithmetic unit 396 is a com 
ponent of the computing system and performs the de 
sired operation upon U and V. Assuming that the de 
sired operation is one of addition, the sum (U--V) is 
furnished by the main arithmetic unit to a result delay 
circuit 398, the purpose of which will be explained be 
low, and to a result line 309, which may be connected 
via a switch 311 to the input of the weighting circuit 
307. The weighting circuit 37 is similar in many re 
spects to that of Figure 1, and will be described more 
fully below. The switch 311 has an input blade 322 and 
an output blade 33 ganged together, of which the 
former, in one position, admits U and W individually 
to the weighting circuit from the operand input gate 
302, and in the other position admits the result (U--V) 
to the input of the weighting circuit 3437 from line 309. 
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The output blade 313, in said one position, furnishes 
U and V individually to a check arithmetic unit 315 
by way of a suitable line 316, and, in the other position, 
furnishes (U--V) to the check arithmetic unit by way 
of a second suitable line 317. The switch 311 is sym 
bolic of any suitable gate circuit arrangement. An alter 
native arrangement is described below in connection with 
Figure 8A. 
The check arithmetic unit 315 performs the simple 

mathematical operation set forth in Relation 1. The 
step of adding binary 31 is accomplished by furnishing 
the proper pulse sequence to the check arithmetic unit 
from a binary 31 pulse generator 318. The binary 31 
pulse generator is a circuit which, when set into opera 
tion, furnishes five pulses of the proper polarity, proper 
pulse repetition frequency, and proper interpulse spacing 
for use in the check arithmetic unit 315. The binary 31 
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345. The remaining columns 6 to N merely add binary 
fashion. In all other respects, the circuit of Figure 9 
operates in exactly the same fashion as the circuit of 
Figure 1. 
SUPERVISING CONVERSIONS BETWEEN THE 
BINARY AND DECEMAL FORMS OF NOTATION 

For various reasons, it is convenient, in digital comput 
ing systems employing the binary form of notation, to rep 
resent all quantities as fractions consisting of a point, called 
the binary point, and equivalent to the decimal point in 
the decimal system, followed to the right-hand side thereof 
by binary digits, that is, 1's and zeros. The conversion of 
a decimal number to a binary number or a binary number 
to a decimal number under these circumstances is complex 
for the reason that, while decimal and binary 1 are 
identical, 0.5 in the decimal system is the same as 0.1 in 
the binary system, 0.25 in the decimal system is the same 
as 0.01 in the binary system, and 0.125 in the decimal 
system is the same as 0.001 in the binary system. On the 
other hand, whole numbers are easily converted for the 
reason that the binary columns represent powers of 2 
starting with 20 in the extreme right-hand column, 21 
for the first column to the left, 22 for the second column 
to the left, 23 for the third column to the left, etc. 

Consider now the binary fraction: 
B-0. 1 0 1 1 0 1 1 1 0 0 1 1 

This fraction can be converted to a decimal system 
equivalent by a process which includes successive multi 
plications by binary 1 0 1 0, which is decimal 10. Thus, 
a first multiplication by binary 10 is: 

10B?11 1?001 0 0111111 

The integral part of this result, namely, 1 1 1, is the 
same as 7 in the decimal system, Multiply the frac 
tional part of the foregoing binary product again by 
1 0 1 0. This yields: 

1. 1 O O. O. 1 1 0 1 1 

The integral part of this is equivalent to 1 in the decimal 
system. Successive multiplications in this manner by 
1 0 1 0 of the fractional part of a previous product yield 
1 0 1, 1 0 1, and 1 1 1 as further integral parts, which 
are 5, 5 and 7 in the decimal system. The binary frac 
tion remainder, R, after the fifth such multiplication is 
0. 10 0 1 1 1 1. The decimal equivalent of B is: 

DO,715.57 

which is found by arranging the integral parts of the 
successive multiplications set forth above after the 
decimal point in the order in which they were received. 
From the foregoing, it will be appreciated that con 

versions of fractions from the binary to the decimal sys 
tem involve a complex process in which it is relatively 
easy to make a mistake. The present invention can be 
applied to the supervision of such conversions in the 
following manner: 

(1) The binary fraction B is weighted as follows, 
proceeding to the right from the binary point: 

B.O. 1 0 1 1 0 1 O O 1 
Weights = 4. 2. 1 5. 7 8 4 2 5 7 8 

From this it is apparent that the weighted count of the 
binary number B-39. 

(2) The binary fraction remainder R is weighted as 
follows, proceeding to the right from the binary point: 

R = 0. I OG 0} 1 , 1 
Weights = 5 7 S 4 2 .. 5 

From this it is apparent that the weighted count of the 
binary fraction remainder R=17. It should be noted 
that the weighting of the remainder and the weighting 
of the original binary fraction are not the same, although 
they are related to each other. 
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(3) Take the sum of the digits in the decima con 

version, 0.71557, which is: S=25. 
(4) Take the sum: 

B-R=S=X 
Relation 6 

In the present instance, Relation 6 yields 81, which is an 
integral multiple of 9. It can be shown that the result 
of Relation 6 will always be an integral multiple of 9 
when the present system of weighting is followed. This 
relation may be expressed in another, more convenient, 
manner as follows: 

B-R-SDs (modulo 9) 
Relation 7 

Relation 7 can be verified in a modulo 9 counter of 
the kind shown in Figure 10, to be described below. 
For use in this counter, B and R are introduced into the 
counter in the binary form shown above, and D is ex 
pressed in the binary-coded-decimal representation. In 
this representation, each decimal digit of D is expressed 
as a true four-column binary number, of which the co 
umnar weights are 8, 4, 2, and 1, and the value of each 
decimal digit of D is: 
Decimal digit: 7 5 5 7 
Binary coded 
decimal equivalent: 011 0001 0101 01 01 011 
To introduce SD into the modulo 9 counter of Figure 10, 
each of these decimal digits of D is introduced in its 
true binary form, with the four columns of each binary 
number weighted with their normal values, as set forth 
immediately above. 
A similar relationship exists in the case of decimal-to 

binary conversion of fractions. 
Consider the following five-column decimal number 

as an example: 
D.O,64572 

Obtain the binary equivalent of D to any desired accuracy 
by means of successive decimal doublings. Thus, begin 
ning with D: 

2s. 1.2.944 

The 1 which was carried into the first integral column 
indicates that in the binary equivalent of D the first 
binary digit to the right of the binary point is 1. Before 
proceeding to the next doubling, however, the integral 
part of 2D is discarded. The next doubling step then 
produces 0.58288. Since there is no carry into the inte 
gra? position in this case, 0 is the second bindary digit to 
the right of the binary point in the required equivalent. 
Since in this last product there is no integral part to be 
discarded, proceed straightway to the next doubling. 
Proceeding in this way, obtain after twenty-one doublings 
the binary equivalient of D to 21 binary places; this is 
shown in the following table: 

TABLE 

Binary Digit OsO.64.572 

2.944 
58.288 
.6575 
3352 
66304 
32608 
6526 
30432 
60864 
2728 

, 3456 
8692 
,73824 
,47648 
95.296 

,90592 
884 
62368 

,24736 
49472 
93944 
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Thus, where B is the binary equivalent of D: 
B=0.101001 01 0100 110111 100 

The decimal fraction obtained as the result of the final 
doubling will be denoted by the symbol R; thus, in this 
case R=0.98944. 
To check that the 21 digit equivalent is correct, weight 

the columns of B as follows: 
B=0.101001 01 0100 110111 100 

Weight: 421578 421578 421578 421 
If B represents the weighted count of B, then Be=50. 
Furthermore, if Sp is the sum of the decimal digits of D, 
and Rs (the significance of the subscript 3 will be ex 
plained below) is the sum of the decimal digits of R, 
then: 

D=24 
and - 

Re=34 
Thus, 

Sp--Be--Rs24+50-34=108=0 (modulo 9) 
Relation 8 

This relationship is the same as Relation 7. The rela 
tionship 

SD--Be--Res=0 (modulo 9) 
in the case of a 21 digit value of B, can be shown to hold 
for the conversion of any decimal fraction D to a binary 
fraction B. 

Again, if each decimal digit of R is represented as a 
true four-column binary number (that is, in the binary 
coded-decimal representation), the columnar weights are 
then: 

Column 4. 3. 2 1. 

Weight (C8)---------------------------------- 8 4 2 1. 

and the value R=0.98944 would appear as: 

4. 
000 

4. 
000 

9 8 
100. 1000 

9 
1001 

in this new notation. In this way, the sequence of decimal 
digits in R is again considered as a sequence of appropri 
ately weighted binary digits. The same arrangement of 
weights suffices for the weighting of the original decimal 
number D. ? 
The modulo nine counter shown in Figure 10 may then 

be used directly to check Relation 8, for decimal to 
binary conversions. 
The significance of the subscript 3 in Re remains to be 

explained. Actually, substantially the same checking 
relationship holds regardless of the number of binary 
digits obtained in the binary equivalent B; however, the 
weights assigned to the binary-coded digits of R may 
undergo a permutation. For example, suppose it is de 
sired to apply the check when B is obtained to a precision 
of 18 digits. Referring to Table 1 giving the successive 
doublings of D, R has the following value at the comple 
tion of the 18th doubling: 

R-0.62368 
The sequence of digits representing R column-by-column 
in the binary-coded decimal system is: 

R= 0110 0010 0011 0110 1000 
This representation is maintained, but the four binary 
digits of each column are now reweighted as follows: 

Welght (C)--...---.............---…---…------ 5 8 
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Utilizing this weighting assignment, obtain the total weight 
count of R as: 

Re=12-7-15-12--1=47 
Applying Relation 8, obtain: 

Sp-HBe-I-Re=24+46-47=117 
where the weighting of B has extended through 18 col 
umns instead of 21 as previously. We thus have: 

Sp--Be--Re=117=0 (modulo 9) 
It is to be noted that the number of binary digits of B 

affects only the method of weighting the binary-coded 
decimal digits of the remainder R. It can be shown that 
the weighting arrangement to be used for R has a certain 
relationship to the number, n, of binary digits required 
in B. 

Let: 
n=6p--k Relation 9 

where p is integral and non-negative; and 0sks5. Then 
the weighting of each decimal column of R (where the 
binary digits of R are determined in accordance with the 
binary-coded decimal system) depends upon the value of 
k, and is performed as shown in the following table: 

TABLE III 

It is to be noted that, in the case k=3, the weighting of 
R is identical with the normal values of the binary col 
lumns, and, in this case, therefore, the weighted count of 
R is equivalent to the sum of the decimal digits of R. 
Thus, to check the n-digit binary equivalent of D, the 

following formula is used: 
Sp--Bc--Rs 0 (modulo 9) 

Relation 10 

where k is defined as in Relation 9, and c is defined by 
Table II. 's 

Regardless of the number of binary digits to which B 
is required, the operations of Relation 10 may convenient 
ly be executed by the modulo nine counter shown in 
Figure 10. As in the case of a binary-to-decimal con 
version, the inputs to the counter are always seen to be a 
serial sequence of the weighting numbers 1, 2, 4, 8, 7, 
and 5 taken in the appropriate combination and order as 
discussed above. If the final counter reading is zero, the 
check of the conversion has been successfully passed. 
The modulo 9 counter shown in Figure 10 includes a 

control flip-flop 350, column 1, 2, 3 and 4 flip-flops, 351, 
352, 353 and 354, respectively, and a carry flip-flop 355. 
The input to each of the column flip-flops is by way of a 
connection 356, 357, 358 and 359, respectively, at the 
bottom. In each connection 356 to 359, inclusive, there 
is a delay line 361, 362, 363 and 364, respectively, hav 
ing a delay of a magnitude to be discussed below. There 
are six pulse weighting input lines 365, 366, 367, 368, 369 
and 370, for weighting pulses with the relative values 
5, 7, 1, 2, 4 and 8, respectively. Each input line has an 
isolating rectifier 371 in it, poled to pass negative pulses. 
Input line 367, which weights pulses with a value of 1, is 
connected directly to delay line. 361, and therethrough to 
the column 1 flip-flop 351. Input line 368, which weights 
pulses with a value of 2, is connected directly to delay 
line 362, and therethrough to the column 2 flip-flop. 352. 
Input line 369, which weights pulses with a value of 4, 
is connected directly to delay line 363, and therethrough 
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to the column 3 flip-flop 353. Input line 370, which 
weights pulses with a value of 8, is connected directly to 
delay line 364, and therethrough to the column 4 flip-flop 
354. Input line 365, which weights pulses with a value 
of 5, is connected to input line 369 via an isolating recti 
fier 372 and through a delay line 373 and an isolating 
rectifier 374 to input line 367 in parallel. The isolating 
rectifiers 372 and 374 are poled to pass negative pulses. 
As a result, a pulse on input line 365 is provided first to 
line 369, where it is given a value of 4, and then to line 
367, where it is given an additional value of 1, to make 
a total value of 5. Input line 366 is connected by way of 
an isolating rectifier 375 to inputine 369, by way of a de 
lay line 376 and a second isolating rectifier 377 to input 
line 368 in parallel, and, in parallel with the connection 
to the line 368 following delay line 376, through a sec 
ond delay line 378 and a third isolating rectifier 379 to 
input line 367, with the result that a pulse introduced 
along input line 366 is first given a weight of 4, then an 
additional weight 2, and then an additional weight of 1, 
making a total weight of 7. The isolating rectifiers 375, 
377 and 379 are also poled to pass negative pulses. 
A control pulse generator 381 generates positive control 

pulses 382 which occur at the same repetition frequency 
as the pulses of the quantities B, R, and D, which are in 
troduced into the counter, but alternating therewith, as 
shown in Figure 11. Figure 11 shows one input pulse on 
each of the input lines 365 to 370, inclusive, the input 
pulses being denominated 384, 383, 385, 386, 387 and 
388, respectively, arranged in the sequence in which they 
arrive at the counter for weighting. The frequency of 
repetition of the input pulses 383 to 388, inclusive, may 
be, for example, 100,000 per second, the pulse widths 1 
microsecond and the pulse spacing approximately 10 
microseconds. A control pulse 382 occurs about midway 
in the interval between two successive input pulses, for 
example, 385 and 386, or 386 and 387. The delay pro 
duced by any one of delay lines 361, 362, 363, 364, and 
399 is a first time interval, which is termed 1D, and which 
is preferably only slightly longer than the duration of a 
signal or control pulse 382 to 388, inclusive, and prefera 
bly about one-eighth to one-tenth of the interval between 
successive control or signal pulses. The delay produced 
in any one of delay lines 373, 376 or 378 is twice as long 
as D, and is termed 2D. 

Referring again to Figure 0, the control pulse 382 is 
provided in parallel to a first control pulse gate 391, a sec 
ond contro pulse gate 392, and via line 521 and a phase 
inverter 522 to a delay line 393. The phase inverter 
furnishes a negative pulse 397 to the delay line 393 in re 
sponse to the positive control pulse. The control pulse 
gates 391 and 392 are normally closed in the sense that 
they do not pass the control pulse 382. A third, also nor 
mally closed control pulse gate 394 is in series with the 
second control pulse gate 392 as far as the control pulse 
382 is concerned. The second and third control pulse 
gates 392 and 394 and the first control pulse gate 391 are 
in two parallel-connected paths 515 and 514, respective 
ly, so that, if the control pulse passes through either the 
first control pulse gate 391, or the second and third con 
trol pulse gates 392 and 394 in series, it is applied to a 
phase inverter 380. The phase inverter 380 in response 
generates a negative pulse 396 which it furnishes via line 
485 to the carry flip-flop 355, and to a first input 395 to 
the control flip-flop 350. The negative control pulse 396 
causes the control flip-flop to open a fourth normally 
closed control pulse gate 398 to permit the passage there 
through of the negative control pulse 397 from phase in 
verter 522. Upon emerging from the fourth control pulse 
gate 398, negative control pulse 397 passes in parallel to 
a delay line 399 and through an isolating rectifier 401 to 
an input line 402 to the counter. Input line 402 is con 
nected to the counter in parallel with the 7-input line 366, 
so that pulse 397 is given the weight 7 in the counter. The 
rectifier 401 is poled to pass negative pulses. Delay line 

28 
399 introduces a suitable delay, never greater than the 
time interval between two successive control pulses 382, 
after which control pulse 397 proceeds via a second input 
line 403 to the control flip-flop 350 and operates that flip 
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flop to close the fourth control pulse gate 398, so that a 
subsequent control pulse 397 cannot pass therethrough. 
Suitable circuits for use as phase inverters are described 
below in connection with Figures 16 and 17. 
The various flip-flops in Figure 10 are of a type which 

is conductive on one side or the other at all times, and 
indergoes a change of state each time a negative pulse is 
applied to its input. Details of suitable flip-flop circuits 
are shown in Figure 12 to which reference is now made. 
in Figure 12 the carry flip-flop 355 and the column 4 flip 
flop 354 are shown in detail. The column 1, 2 and 3 flip 
flops are the same as the column 4 flip-flop and are shown 
in block form. The control flip-flop, not shown, is sub 
stantially identical to the column flip-flops. 

Referring now to the dotted line box labelled 354, 
this box includes the column 4 flip-flop 354 and certain 
output and gate circuits associated therewith which will 
be described, the column 4 flip-flop 354 which is shown 
is basically an Eccles-Jordan circuit comprising two cross 
connected tubes 405 and 406. The anode 407 of tube 
406 is connected via an anode resistor 408 to a B--- line 
41). The anode 411 of tube 405 is connected to the 
B-- line via an anode resistor 412. The grid 413 of 
tube 406 is connected to the anode 41 of tube 405 via 
a resistor 414 which is shunted by a capacitor 415, and 
the grid 416 of tube 405 is connected to the anode 407 of 
tube 406 via a resistor 417 which is shunted by a capac 
itor 418. The cathodes 421 and 422 of tubes 405 and 
406, respectively, are connected together and to ground 
at 423 via a resistor 424 which is shunted by a capacitor 
425. The cathodes are also connected to the input line 
359 via a resistor 426. The input line 359 is connected 
to the grids 413 and 416 via unidirectional conductors 
or rectifiers 428 and 429, respectively, which are poled to 
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pass negative pulses to the grids. The grids 413 and 416 
are connected to ground via resistors 431 and 432, re spectively. 
A direct current output is provided from the flip-flop 

via an amplifier stage 435, which comprises a tube 436 
having a cathode 437 which is connected to cathodes 421 
and 422. A grid 438 of the amplifier tube is directly 
connected to grid 413, and the anode 439 thereof is con 
nected to the B-- line 410 via a suitable resistor 441. 
An output line 442 is connected to the anode 439 of the 
amplifier tube. The amplifier tube 436 duplicates the 
State of flip-flop tube 406, so that, when tube 406 is con 
ductive, tube 436 is conductive, and, when tube 406 is 
nonconductive, tube 436 is nonconductive. In the par 
ticular modulo 9 circuit being described, the digit “1” is 
said to stand in the flip-flop when tube 406 is nonconduc 
tive, and output line 442 is consequently at a high voltage 
level, while the digit “0” is said to stand in the flip-flop 
When tube 406 is conductive, and output line 442 is at a 
low voltage level. This is, of course, a D. C. output. 

Referring momentarily to Figure 10, each column flip 
flop 351, 352, 353 and 354 has associated therewith a 
carry gate 445, 446, 447 and 448, respectively, for a pur 
pose to be explained below. The carry gate of each 
column is closed to the passage of pulses when the flip 
flop of its column stands at zero, and is open to the pas 
Sage of pulses when the flip-flop of its column stands at 
1. Referring again to Figure 12, the carry gate 448 of 
column 4 is shown in the left-hand portion of block 
354'. The gate includes a pentode-type tube 451 having 
its cathode 452 connected to cathodes 421 and 422. The 
control grid 453 is connected to the grid 416 of flip-flop 
tube 405 via a large resistor 454 and to the cathode 45 
through a capacitor 455. The screen grid 456 is con 
nected to the B-- line 410 via a suitable resistor 457 and 
to ground at 459 via a bypass capacitor 458. The Sup 
pressor grid 461 is employed as an input electrode for 
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pulses seeking to pass through the gate. Such pulses 
may arrive along line 370, which, as was described in 
connection with Figure 10, is the input line for column 4, 
or along line 462 which is connected to the output of 
the carry gate 447 of the previous column, column 3, and 
are coupled to the input grid 461 via a coupling capacitor 
463. Suitable operating biases for the tube 451 are pro 
vided from a source of positive potential (not shown) 
which may be of the order of 150 volts, via an input 
terminal 467 and a pair of resistors 464 and 465 con 
nected in series between the terminal 467 and ground at 
459. A third resistor 466 is connected between the 
junction of resistors 464 and 465 and the input grid 
461. The anode 468 of tube 451 is connected to the 
B--- line 410 via the primary winding 469 of a trans 
former 471. The primary winding 469 is shunted by a 
rectifier 472, which is poled to pass to the anode line 
410 charges which tend to drive the anode 468 negative 
with respect thereto. The secondary winding 473 of the 
transformer 471 is grounded at one end 474 and con 
nected at the other end to an output line 475 via a 
capacitor 476. 
The gate tube 451 is maintained in a predetermined 

normally conductive state by the bias potentials furnished 
thereto. The cathode 452 is always somewhat positive 
with respect to ground, due to the drop, which may be of 
the order of 28 volts, in resistor 424. Thus, in order to 
maintain the gate tube conductive, the input grid 461 is 
maintained at a positive potential with respective to the 
cathode 452, which positive potential is determined by the 
voltage drop in resistor 465. In addition, the screen grid 
456 is maintained positive by connection with the B 
line 410 via resistor 457. The normal control grid 453 
assumes the potential of grid 416 of flip-flop tube 405. 
When tube 405 is conductive, which occurs when a 
“1” stands in the flip-flop, grid 416 is at a high potential 
corresponding to the high level attained by anode 407 of 
flip-flop tube 406, so that gate tube 451 is maintained 
highly conductive. Under this condition the arrival of 
a negative pulse at the signal input grid 461 from either of 
lines 370 or 462 causes a corresponding substantial re 
duction in the current flow through the gate tube, with 
the result that a positive pulse 479 is produced at the 
anode 468. The secondary winding 473 is so connected 
that a negative pulse 480 is produced in the output line 
475 as a result of the positive pulse 479. In this sense, 
the carry gate 448 is open. 
When a zero stands in the flip-flop, tube 405 is non 

conductive, and its grid 416 is at a relatively lower po 
tential level, to which level it brings the control grid 453 
of the gate tube 451. Under this condition, the gate tube 
is very close to or at cutoff, so that the arrival of a nega 
tive pulse at the signal input grid 461 causes no effective 
change in the current flow therethrough. In this sense, 
the carry gate 448 is closed. 
At the time when the flip-flop 354 changes from a 

“1” to a “0” condition, the grid 416 of tube 405 suddenly 
becomes negative, the negative surge having the char 
acteristics, for example, of a negative pulse 481. Such 
a pulse would suddenly cut off the gate tube 45 and 
create a spurious output pulse 480, if not for the fact 
that resistor 454 and capacitor 455 comprise together 
an integrating circuit which reduces the peak voltage of 
pulse 481 to a value so low that there is substantially 
no effect upon the current flow through the gate tube 
451. The time constant, RC, of resistor 454 and capac 
itor 455 is, however, less than the delay introduced by the 
delay line 364. 
The dotted line box which is labelled 355 includes the 

carry flip-flop 355 and its output stage 483, which are 
similar in all essential respects to the column 4 flip-flop 
354 and its output stage 435, and will accordingly be 
discussed in detail no further. The input line 4S4 to 
the carry flip-flop 355, is, as shown in Figure 10, con 
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nected directly to the output line 475 of the carry gate is 

30 
448 of column 4, and, in parallel therewith, to output 
line 485 from phase inverter 380. 

Control pulse gate 391 in path 514 is open when the 
carry flip-flop 355 stands at “1” and closed when this 
flip-flop stands at "0.” The control connection is via 
line 516 and an isolating rectifier 517 from output stage 
483. Control pulse gate 392 in path 515 is open when 
the column 4 flip-flop 354 stands at “1” and closed when 
this flip-flop stands at "0." The control connection is 
by way of line 511 and an isolating rectifier 512 from out 
put stage 435. Control pulse gate 394 in path 515 is 
open when either one of the column 1, 2 or 3 flip-flops 
351, 352, 353, respectively stands at “1,” and closed when 
all of these flip-flops stand simultaneously at "0." The 
control connection is via line 502, and isolating rectifiers 
507, 508 and 509 in parallel from output stages 503, 
504, and 506, respectively. A detailed description of 
how these gates are constructed and operated appears 
below, in connection with Figure 12. 

Referring further to Figure 10, the control flip-flop 
350 and the control pulse gate 398 which is connected 
thereto are similar in all essential respects to flip-flop 
354 and its carry gate 448, and are similarly connected 
together. The only difference is that the two tubes of the 
control flip-flop 350 have their grids connected to sepa 
rate input lines 395 and 403, the connections being such 
that a negative pulse 396 is required in line 395 to put 
a “1” in the flip-flop, and a negative pulse 397 is required 
in line 403 to shift the flip-flop to zero. 
The operation of the modulo 9 counter of Figure 10 

may now be explained. It will be recalled from Rela 
tions 7 and 10 that a conversion to the binary system 
from the decimal system, or to the decimal system from 
the binary System of notation, has been correctly per 
formed when the sum of properly weighted counts of 
the binary and decimal equivalents and their whole re 
mainder is an integral multiple of 9. Accordingly, the 
four columns of the counter of Figure 10 are arranged 
so that they will count any quantity modulo 9 and will 
all stand at Zero when the sum of the counted quantities 
is 9 or an integral multiple thereof. The carry flip-flop 
355 is arranged so that it also will stand at zero when 
the quantity registered in the columns is 9 or a multiple 
thereof, after suitable control operation under the control 
of the control pulse generator 381, as will presently be 
explained. The fact that the column and carry flip 
flops 351 to 355, inclusive, all stand at zero is indicated 
to an operator or to other equipment which may be 
associated with the modulo 9 counter by a check indi 
cator 487, the input line 488 of which is connected in 
parallel to direct current output lines 491, 492, 493, 494 
and 495 of the column and carry flip-flops 351 to 355, 
respectively. An isolating rectifier 496, 497, 498,499 and 
500 is connected in each of the flip-flop output lines 491 to 
495, respectively, poled to pass positive changes in voltage 
from the flip-flops to the check indicator 487. The de 
tailed construction and operation of the check indicator 
487 will be explained below in connection with Figure 12. 

For the purpose of explaining how the modulo 9 counter 
is operated, it will now be assumed that four binary digits, 
to be weighted 7, 5, 2 and 4, respectively, are applied 
in that order to the proper input lines 366, 365, 368 and 
3ó9, respectively, of the counter, in a time-spaced se 
quence as is set forth in Figure 11. The binary number 
.1 1 0 1 1, for example, can be so weighted. Weighting 
gate arrangements as shown in Figures 1 and 9 may be 
employed, if desired. The columns of the number are 
weighted as follows: 

Number: 1 1 0 1 1, 
Columnar weights: 4 2 1 5 7 

Prior to tracing the effects of the pulses representing 
these digits through the counter it should be recalled 
that the delay produced by any one of delay lines 
361, 362, 363, 364 and 399 is 1D, as defined above in 
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connection with Figure 11, and that the delay produced 
by any one of delay lines 373, 376 or 378 is twice as 
long, or 2D. In the discussion that follows, the first pulse 
383, namely, that which has a weight of 7, is considered 
to enter the counter on line 366 at a time Zero D and 
the discussion of what happens to it proceeds in terms 
of delay elements D. 
The 7-pulse 383 enters the counter on line 366 at zero 

D and proceeds through rectifier 375 to line 369 and to 
the input of carry gate 447, column 3, and at the same 
time to delay line 376. Carry gate 447 is closed for the 
reason that flip-flop 353 stands at zero, it being assumed 
that the counter has zeroes in all the flip-flops prior to 
commencing a checking operation. At time D the 7 
pulse proceeds through delay line 363 to the column 3 
flip-flop 353 and sets this flip-flop at 1. At time 2D the 7 
pulse proceeds through delay line 376 and rectifier 377 
to column 2 input line 368 and carry gate 446, and to 
delay line 378. Carry gate 446 is closed to the 7-pulse 
since the column 2 flip-flop 352 stands at zero. At time 
3D delay line 362 passes the 7-pulse to column 2 flip 
flop 352 and sets it at 1. At time 4D delay line 378 
passes the 7-pulse through rectifier 379 to delay line 36E. 
and carry gate 445 of column 1. Carry gate 445 is closed 
to the 7-pulse since column 1 flip-flop 351 stands at zero. 
At time 5D delay line 361 passes the 7-pulse to column 
1 flip-flop 352 and sets it at 1. Thus, at time 5D each of 
the column 1, 2 and 3 flip-flops stands at 1, so that the 
four-column flip-flops now register the binary number 
0 1 1 1, which corresponds to 7 in the decimal system. 
At this time control pulse gate 394 is open, by virtue of 
its control connection 592 in parallel to the direct current 
output stages 503, 54 and 506 of the column 1, 2 and 3 
flip-flops 35, 352 and 353, respectively, all of which stand 
at “1,” but control pulse gate 392 is closed, since the 
column 4 flip-flop 354 stands at "0." The carry flip-flop 
also stands at “0” so control pulse gate 391 is also closed. 
A control pulse 382 is generated approximately at time 

5D, and is furnished via a line 513 to paths 514 and 55 
in parallel. These two paths are closed, however, and 
therefore, the control pulse 382 does not pass through 
either of paths 54 or 55. As a consequence, the control 
flip-flop 350 remains at "0" and the control pulse gate 
398 controllied thereby remains closed. Thus, the control 
pulse 382 which is generated foilowing the introduction 
of the 7-pulse into the counter does not proceed into the 
column flip-flops. 
A 5-pulse (334 in Figure 11) now enters on the 5-line 

365 at a time which can again be called zero D, since the 
sequence of events which follows it can be referred to 
this pulse with respect to time. The 5-pulse passes 
through rectifier 372 and is provided to the column 3 de 
lay line 363 and the column 3 carry gate 447 in parallel. 
Still at Zero D, the 5-pulse passes through the carry gate 
447, this gate being open for the reason that the column 
3 flip-flop 353 stands at 1, and arrives at the coiumn 4 
delay line 364 and carry gate 443. Gate 448 is closed, 
since the column 4 flip-flop 354 stands at zero. At time 
1D, the 5-pulse passes through the column 3 and coumn 4 
delay lines 363 and 364, respectively, setting the column 3 
flip-flop 353 to zero and the column 4 flip-flop 354 to 1. 
At time 2D, the 5-pulse passes through delay line 373 and 
rectifier 374 to line 367, where it is furnished to the 
-column 1 carry gate 445 and delay line 36 in parallei. 
The column 1 flip-flop 351 standing at 1, the 5-pulse passes 
through the column 1 carry gate 445 and is furnished 
to the column 2 delay line 352 and carry gate 446 in 
parallel. The column 2 flip-flop 352 standing at 1, the 5 
pulse passes through the coiumn 2 carry gate 446 and is 
furnished to the column 3 delay line 363 and flip-flop 447 
in parallel. The column 3 flip-flop 353 now standing at 
Zero, the 5-puise does not pass through the column 3 car 
ry gate 447. Thus, the 5-pulse now stands at the entrance 
to the column 1, 2 and 3 delay lines 361, 362 and 363, 
respectively. At time 3D, the 5-pulse passes through each 
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of these delay lines to the column 1, 2 and 3 flip-flops 351, 
352 and 353, respectively, setting the column 1 and 2 flip 
flops 351 and 352 each to zero and the column 3 flip 
flop 353 to 1. The four columns of the counter now 
stand at 1 1 0 0, which is binary 12, the sum of 7 and 5. 

Since there is a 1 in column 4, the output 435 of the 
column 4 flip-flop 354 is at a high level and, through line 
5, causes control pulse gate 392 to be opened. Control 
pulse gate 394 is also open because the column 3 flip 
flop 353 also stands at 1. Thus, one of the paths, namely, 
path 55, through which the control pulse 382 can pass, 
is now open and the control pulse 382 which occurs 
following the 5-pulse (384 in Figure 11) is allowed to 
pass, as pulse 382, to phase inverter 380 along line 519. 
The inverter 386 provides the negative pulse 396 to the 
control flip-flop 350 along line 395 and sets the control 
flip-flop at 1, opening the control pulse gate 398. Pulse 
396 is provided also to the input line 484 of the carry 
flip-flop 355, via line 485 and a suitably poled unidi 
rectional conductor 524, and thus sets the carry flip-flop 
355 at 1 substantially immediately following the genera 
tion of control pulse 382. The control pulse 382 pro 
vides also the negative pulse 397 to delay line 393, and 
thence to control pulse gate 393. 
At a time 1D with respect to the initiation of the 

control pulse 382, the negative control pulse 397 passes 
through the control pulse gate 393 and is provided 
in parallel to delay line 399 and rectifier 40. Stili 
at time 1D, the negative control pulse 397 is pro 
vided to the weight 7 input line 366 of the counter, where 
it behaves in the same fashion as a 7-pulse. Thus, at 
time 1D, pulse 397 arrives at carry gate 447 and delay 
line 363 of column 3, passing through the gate since the 
collinn 3 fiip-flop 353 stands at 1. Stili attime 1D, pulse 
337 arrives at carry gate 448 and delay line 364 of col 
umn 4, and passes through the gate since the column 4 
flip-flop 354 stands at 1. Still substantially at time ii), 
pulse 397 arrives at the input line 484 of the carry flip 
fiop 355 and sets that flip-flop back to zero. At time 2D, 
pulse 397 passes through delay lines 363, 364 and 399. 
The passage through delay line 399 merely sets control 
flig-fiop 350 back to zero, closing the control pulse gate 
399, which no longer need remain open. The passage 
through delay lines 364 and 364 sets the column 3 and 
column 4 flip-flops 353 and 354 to zero. At time 3D, 
pulse 397 passes through delay line 376 and rectifier 
377 to the column 2 delay line 362 and carry gate 446 
in parallel. The column 2 flip-flop 352 standing at zero, 
pulse 397 does not pass through the carry gate 446. At 
time 4D, pulse 397 passes through delay line 362 and 
sets the column 2 flip-flop 352 to 1. At time 5D, pulse 
397 passes through delay line 378 and rectifier 379 to 
the column 1 delay line 36 and carry gate 445 in paral 
lel. The column 1 flip-flop 35 standing at zero, pulse 
397 does not pass through the carry gate 445. At time 
6D, pulse 397 sets the column 1 flip-flop 35 to 1. The 
four columns of the counter now stand at 0 0 1 1, which 
is 3, and which is also 12, modulo 9. Since the counter 
is designed to count up to 8 and to express 9 as a zero 
and commence counting over again, it expresses 12 as 3. 
This counter reads zero each time the total register in it 
arrives at an integral multiple of 9, as will presently ap 
pear. 
The pulse having a weight of 2 arrives along line 368. 

This pulse corresponds to pulse 386 in Figure 11. It will 
be noted at this point that a pulse space, corresponding 
to pulse 385 in Figure 11, has been skipped. In the nor 
Ital course of weighting, this happens when a zero is 
present in the binary number in the pulse space that is 
skipped. However, the control pulses 382 continue reg 
ularly. These have no detrimental effect, however, for 
a Second control pulse 382 following a blank signal pulse 
space does not operate upon the circuit. Unless the 
quantity in the counter is greater than 8, or binary 10 00, 
neither of paths 514 or 515 is open. However, if, after 
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a signal pulse has been inserted, this quantity is greater 
than 8, the next control pulse 382 which follows the 
insertion of the signal pulse causes the counter to change 
to the modulo 9 representation of the quantity. In the 
example just given, the counter changed from 1 1 00 to 
0 0 1 1, or from 12 to 3. Therefore, a second control 
pulse 382, following a blank binary number space, is 
ineffective upon the counter circuit. 
The 2-pulse 386 is provided to the column 2 delay line 

362 and carry gate 446 in parallel and, since the column 2 
flip-flop 352 stands at 1, passes through the gate 446 to the 
column 3 delay line 363 and carry gate 447 in parallel. 
The column 3 flip-flop 353 stands at zero, however, and 
the gate 447 thereof is closed. At time 1D with respect 
to the 2-pulse, the 2-pulse passes through delay lines 362 
and 363 and changes the column 2 flip-flop 352 from 1 
to zero, and the column 3 flip-flop 353 from zero to 1. 
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The columns of the counter now stand at 0 1 0 1, which 
is binary 5, the sum of 3 and 2. Neither of the two paths 
514 or 515 for the next succeeding control pulse 382 
is open so that the next succeeding control pulse 382 has 

20 

no effect upon the circuit and need be discussed no fur 
ther. 
A pulse having the weight 4 enters along line 369. 

This pulse corresponds to pulse 387 in Figure 11. The 4 25. 
pulse passes immediately to the column 3 delay line 363. 
and carry gate 447 in parallel. The gate 447 is open, 
since the column 3 flip-flop 353 stands at 1, so that the 4 
pulse passes through it to the column 4 delay line 364 
and carry gate 448 in parallel. Since the column 4 flip 
flop 354 stands at zero, gate 448 is closed. At time 1D 
with respect to the entrance of the 4-pulse, the 4-pulse 
passes through delay lines 363, and 364 setting the col 
umn 3 flip-flop 353 from 1 to zero and the column 4 
flip-flop 354 from zero to 1. The four columns of the 
counter now stand at 10 0 1, which is binary 9, the sum 
of the decimal digits 7, 5, 2 and 4. - 
With the column 4 and column 1 flip-flops 354 and 

351, respectively, standing at 1, path 515 for the next 
succeeding control pulse 382 is open, and, as has been ex 
plained above, a negative pulse 396 is provided from 
inverter 380 which changes the carry flip-flop 355 and 
the control flip-flop. 350 each from zero to 1. At time 
1D with respect to the initiation of the control pulse 382, 
the corresponding negative pulse 397 passes through the 
control pulse gate 398 and again is impressed upon the 7 
pulse input line 366 and delay line 399 in parallel. Still 
at time 1D, control negative pulse 397 arrives at delay 
line 363 and carry gate 447 of column 3. The column 3 
flip-flop 353 standing at zero, gate 447 is closed. At time 
2D, pulse 397 passes through delay line 363 and sets the 
column 3 flip-flop 353 at 1, and passes also through delay 
line 399 to reset the control flip-flop 350 to zero and close 
the control pulse gate 398. At time 3D, pulse 397 
passes through delay line 376 and is impressed upon 
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delay line 362 and carry gate 446 of column 2 in paral 
lel. Column 2 flip-flop 352 stands at zero, and, there 
fore, gate 446 is closed. At time 4D, pulse 397 passes 
through delay line 362 to the column 2 flip-flop 352 and 
sets the column 2 flip-flop at 1. At time 5D, pulse 397 
passes through delay line 378 and is impressed upon 
delay line 361 and carry gate 445 of column 1 in parallel. 
The flip-flops of all the columns at this moment all stand 
at 1 with the result that pulse 397 passes through all four 
carry gates 445, 446, 447 and 448 with great rapidity and 
appears substantially simultaneously at the inputs of the 
column 2, 3 and 4 delay lines 362, 363 and 364, respec 
tively, and in the input line 484 of the carry flip-flop 355. 
Thus, at time 5D, the carry flip-flop 355 is reset to zero. 
At time 6D, pulse 397 passes through the delay. lines 361 
to 364, inclusive, of column 1 to 4, respectively, and sets 
the flip-flops 351 to 354, respectively, all to zero. Thus, 
with 9 standing in the counter, that is, with the column 
flip-flops standing at 10 0 1, the next succeeding control 
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pulse 382 resets the entire counter to zero. It is this 75 

34 
characteristic which gives the counter its name: "modulo 
9 counter.” As will be explained below, the check indi 
cator 487 is arranged to indicate to an operator or to 
succeeding circuits the fact that the column and carry 
flip-flops all stand at zero. 
The delay time represented by the term 1D, namely, 

the delay provided by delay lines 361 to 364, inclusive, 
393 and 399, should be long enough to permit a signal 
pulse to pass through all four carry gates and arrive at 
the carry flip-flop prior to a succeeding action being taken, 
This is a short time, much shorter than the width of a 
single signal pulse. 
The foregoing example did not illustrate the use of 

control pulse gate 391 in path 514 for the control pulse 
382. This path is provided for use when a binary number 
pulse having the weight 8 is introduced along line 370 at a 
time when the column flip-flops stand at 8, or 1 000 
in the binary system. If an 8-pulse is now introduced 
along line 370, it passes immediately through the column. 
4 carry gate 448 and sets the carry flip-flop 355 to 1. At 
time 1D later, the 8-pulse passes through delay line 364 
and sets the column 4 flip-flop 354 to zero. At this instant 
1 00 00, or 16, stands in the carry and column flip-flops. 
Since the carry flip-flop 355 is at 1, control pulse gate 391 
is open and the next succeeding control pulse 382 passes 
through path 514 to the inverter 380 providing the nega 
tive pulse 396 which sets the carry flip-flop 355 to zero. 
The negative pulse 396 also sets the control flip-flop 351 
to 1 and, at a time 1D later with respect to the initiation 
of the control pulse 382, negative pulse 397 enters the 
7 line. . At this instant the entire counter stands at zero 
and control pulse 397 proceeds in the same manner as if a 
7-pulse were added to the counter standing at Zero, and, 
as has been already explained above, sets the column 1, 
2 and 3 flip-flops each to 1. Thus, the control pulse 382 
changes a reading of 16 in the counter to a reading of 7, 
which is 16 counted modulo 9. It is thus seen that con 
trol pulse gate 391 is employed when control pulse gates 
392 and 394 are not open together and yet it is necessary 
to change the state of the carry flip-flop 355. This occurs 
when an 8-pulse is added to the counter standing at 
1 00 0. m 

Referring now to Figure 12, the check indicator 487 
comprises a pentode-type electron tube 530, the cathode 
531 of which is connected to ground at 532 by way of 
the secondary primary winding 533 of a pulse transformer 
534, connecting wires 535, 536, 537 and the movable 
tap 538 of a potentiometer, the resistance element 539 
of which is connected at one end to ground at 532 via a 
resistor 541. Resistor 541 is shunted with a bypass 
capacitor 542. The remaining end of potentiometer 
resistor 539 is connected to line 410 which is in turn 
connected to a source of B-- potential (not shown) which 
is brought to the circuit at a suitable terminal 543, through 
a voltage dropping resistor 544. The junction of poten 
tiometer resistor 539 and B-- line 410 is grounded 
through a bypass capacitor 545. Resistors 544, 539 and 
541 thus form a voltage divider from B- to ground, and 
movable tap 538 selects a suitable voltage to be applied 
to the cathode 531 of the check indicator tube 530, and, 
as will be shown, to the cathodes of certain other tubes in 
Figure 12. The anode 546 of tube 530 is connected to 
the B-- terminal 543 via the primary winding 547 of 
an anode circuit transformer 548. The primary winding 
547 is shunted with a unidirectional conductor 549 poled 
to pass negative pulses from the anode 546 to the B-- 
terminal 543. The screen grid 551 of the tube is con 
nected to the B-H terminal 543 via a second primary 
winding 552 of the anode circuit transformer 548. The 
purpose of this second primary winding will be explained 
below. The suppressor grid 553 is connected to the 
cathode in normal fashion. 
A positive pulse 555 which will be termed the "final 

pulse" is brought into the check indicator along an input 
line 556, which is connected to one end of the primary, 



35 
winding.557 of the cathode transformer 534. The other 
end of this primary winding is grounded at 558. A first 
resistor 561 is connected at one end to the input line 556 
and at the other end to the anode 562 of a diode 563. 
The cathode 564 of diode 563 is connected to the lower 
end 565 of the secondary winding 566 of the anode circuit 
transformer 548. The diode 563 is representative of any 
suitable unidirectional conductor and it is understood that 
other types of such conductors, for example, crystal recti 
fiers, may be used in place thereof. The anode 562 is 
also connected to an error pulse output line 567 through 
which a positive pulse 568, which will be termed the 
"error pulse,” is furnished when one or more of the 
column and carry flip-flops stands at 1. A second resistor 
571 is connected at one end to the final pulse input line 
556 and at the other end to a third resistor 572 which in 
turn is connected at its free end to the upper end 573 of 
the secondary winding 566 of the anode circuit trans 
former 548. The center 574 of the secondary winding 
566 is grounded at 575, and a fourth resistor 576 is con 
nected from the center 574 to a lower end 565 thereof. 
The cathode 578 of a second diode 579 is connected to the 
junction 581 of the second and third resistors 571 and 
572, respectively, and to this junction is also connected a 
check pulse output line 582. A positive pulse 583, which 
will be termed the “check pulse,” is provided in the out 
put line. 582 in response to the introduction of a final 
pulse 555 when all five of the column and carry flip-flops 
stand at zero simultaneously. The anode 584 of the 
second diode 579 is grounded at 585. 
The control grid 586 of the check indicator tube 530 is 

connected to line 488, to which, it will be recalled, are 
connected the output stages 503, 504, 506, 435 and 483 
of columns 1 t? 4, respectively, and the carry flip-flop, 
via unidirectional conductors 496 to 500, respectively. A 
bias potential is connected to the control grid 586 by 
way òf a bias terminal 587 and a series resistor 588. 
Suitable bias potential is derived from the aforementioned 
voltage divided between B+ terminal 543 and ground at 
532, through a line 590 connected to the junction of re 
sistors 539 and 541 of the divider. The bias for the 
check indicator tube 530 is so set that the tube is at or 
slightly below cutoff when all five of the column and 
carry flip-flops stand at zero simultaneously and, when 
one or more of these flip-flops stands at 1, the bias level 
is raised sufficiently in a positive direction to render the 
tube substantially conductive. The arrangement of the 
cathode transformer 534 is such that when a final pulse 
555, which is positive, is introduced along line 556, it 
renders the cathode 531 momentarily more positive. The 
bias arrangement is such that, if all five of the column and 
carry flip-flops stand at zero, a final pulse 555 introduced 
through the cathode tarnsformer 534 has no effect upon 
the tube for the reason that the tube is already cut off, 
but, if any one of these flip-flops stands at 1, the tube is 
initially conductive and is cut off by the final pulse 555. 
Assume first that one or more of the column and 

carry flip-flops stands at 1 when a final pulse 555 is in 
troduced. The resultant cutting off of the tube 530 
causes the production of a positive pulse 592 at the 
anode 546, which pulse appears in the primary winding 
547 in the anode circuit transformer 548. The additional 
secondary winding 552 in the circuit of the screen grid 
551 provides additional positive pulse voltage upon cut 
off for the reason that the screen acts somewhat in the 
fashion of an anode. This additional secondary winding 
is included for this purpose and to isolate the positive 
pulse 592 from the B-- terminal 543, which isolation 
would not be as well provided by a screen circuit re 
sistor, and also to prevent the loss of energy in the screen 
circuit which would result if a resistor were used. The 
positive pulse 592 produces a positive secondary pulse 
593 at the lower end 565 of the secondary winding 566 
and a negative secondary pulse 594 at the upper end 
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593 and 594, respectively, are of the same or slightly 
greater magnitude than the final pulse 555. The final 
pulse 555 proceeds through the first resistor 561 to the 
anode 562 of the first diode 563. The positive secondary 
pulse 593 is present at the cathode 564 of the diode, 
however, and, being of sufficiently great magnitude, 
maintains this diode nonconductive in the presence of 
the final pulse 555. The final pulse 555, therefore, has 
no path to follow except along error pulse line 567 
where it appears as the error pulse 568. It is preferred 
to provide the error pulse 568 to a circuit having an in 
put impedance of the order of a megohm so that substan 
tially the entire voltage of the final pulse 555 appears 
in the error pulse 568. The final pulse 555 follows 
also a second path including the second resistor 571 and 
junction 581. The negative secondary pulse 594 and the 
positive final pulse 555 arrive together at the cathode 
578 of the second diode 579 with the result that, the negative secondary pulse 594 being predominant, the 
diode is rendered conductive so that junction 581 is sub 
stantially at ground potential and the magnitude of the 
check pulse 583 which appears in the check pulse output 
line 582 is insignificantly small. 

In the case where all five of the column and carry flip 
flops stand at zero, the check indicator tube 530 is, as 
has been set forth, already cut off prior to the arrival of 
the final pulse 555. In this case, the final pulse 555 fails 
to produce the positive and negative secondary pulses 
593 and 594, respectively, in the anode circuit trans 
former 548. Thus, when the final pulse 555 passes 
through the first resistor 561, it finds the first diode 563 
disposed to conduct it to ground at 575 through the 
fourth resistor 576. The first and fourth resistors are 
so proportioned that the magnitude of the fourth resistor 
576 is a very small fraction of that of the first resistor 
561. For example, the magnitude of the first resistor 561 
can be 5,600 ohms and the magnitude of the fourth re 
sistor can be 300 ohms. The magnitude of the resistance . 
of the diode 563 when conductive is in the neighborhood 
of 100 ohms. Thus, the first resistor 561, the diode 563 
in a conductive state, and the fourth resistor 576 com 
prise a voltage divider of approximately 6,000 ohms con 
nected between the final pulse input line 556 and ground 
at 575. The error pulse output line 567 is connected 
to this voltage divider at a point, namely, anode 562, 
which is 400 ohms from the ground end 575. For this 
reason, the error pulse 568 which results is approximately 
four-sixtieths as great in voltage magnitude as the final 
pulse 555, and is consequently insignificantly small. The 
error pulse 555 proceeds also through a second parallel 
path through the 'second resistor 571 to junction 581 
where, being positive, it cannot pass through the second 
diode 579. Its path through the third resistor 572 in 
volves passage through one-half of the secondary winding 
566 of the anode circuit transformer 548, which winding presents a substantially high impedance to the passage of 
a pulse. For this reason, the check pulse 583 which re 
sults is of substantially the same voltage magnitude as a 
final pulse 555. Thus, when all five of the column and 
carry flip-flops 351 to 355, inclusive, stand at zero, the 
introduction of a final pulse 555 into the check indicator 
487 provides a check pulse 583 in output line 582. The 
second and third resistors 571 and 572 preferably have 
the same resistance magnitudes, which may be in the 
neighborhood of 5,600 ohms like the first resistor 561. 
The check pulse 583 is preferably furnished to a circuit 
having an input impedance in the neighborhood of a 
megohm, as in the case of the error pulse 568. 
The control pulse gate 391 is arranged to be open to 

the passage of a control pulse 382 when the carry flip 
flop 355 stands at 1. This gate includes a pentode type 
electron tube 601 having its control grid 602 connected 
to the output stage 483 of the carry flip-flop by way of 
line 516 and isolating rectifier 517. Bias potential is 573 thereof. The positive and negative secondary pulses provided to the control grid 602 through a terminal 663. 



24,447. 
37 

and a series resistor 604. The terminal 603 receives its 
bias potential from line 590. The cathode 605 and sup 
pressor grid 606 of tube 601 are connected through the 
secondary winding 607 of a cathode transformer 608 and 
line 537 to the cathode bias potentiometer tap 538. The 
anode 609 of the tube 601 is connected to the B-- termi 
nal 543 via the primary winding 611 of an anode circuit 
transformer 612, and the screen grid 613 is connected 
also to the B-- terminal 543 via a second primary wind 
ing 614 of the same transformer. A unidirectional con 
ductor 615 is connected in shunt with the first primary 
winding 611 and poled to conduct negative pulses from 
the anode 609 to the B-- terminal 543. As in the case 
of the check indicator tube 530, the gate tube 601 is so 
biased that, when a "1" stands in the carry flip-flop 355, 
the control grid 602 is at a sufficiently high potential with 
relation to the cathode 605 so that the tube is conduc 
tive, and, when a zero stands in the flip-flop, the control 
grid is at or slightly below the cutoff potential level and 
the tube is nonconductive. The positive control pulse 382 
is brought to one end of the primary winding 618 of 
the cathode transformer 608 and to a first resistor 619 in 
parallel. The other end of the primary winding 618 is 
grounded at 621 and a diode 622 is connected across 
the primary winding 618 with its anode 623 connected 
to the ground end. The diode 622 maintains the control 
pulse 382 positive with respect to ground by shorting to 
ground any portion thereof which is negative with re 
spect to ground. The first resistor 619 is connected to 
the anode 625 of a second diode 626, the cathode 627 
of which is connected to one end of the secondary wind 
ing 628 of the anode circuit transformer 612. The other 
end of this secondary winding 628 is connected to 
ground at 629. A second resistor 631 is connected across 
the secondary winding 628. The junction of the anode 
625 of the second diode 626 and of the resistor 619 is 
connected via a large coupling capacitor 632 to path 514 
where this path emerges from the control pulse gate 391, 
and thence to phase inverter 380. A third resistor 633 
is connected between the output side of the capacitor 
632 and ground. 
Assuming that a 1 stands in the carry flip-flop 355, and 

that consequently the gate tube 601 is conductive, a con 
trol pulse 382 introduced into the cathode transformer 
608 causes the cathode 605 to become sufficiently more 
positive to cut off the tube, the transformer 608 being ar 
ranged for this purpose in the same fashion as the cathode 
transformer 534 of the check indicator 487. The cutting 
off of tube 601 causes the production of a positive pulse 
635 at the anode 609, again as in the check indicator. 
As a result of the positive pulse 635, a secondary positive 
pulse 636 is produced in the secondary winding 628 
and applied to the cathode 627 of the second diode 626. 
The secondary positive pulse 636 is of the same or slight 
ly greater voltage magnitude than the check pulse 382 
and maintains the second diode 626 nonconductive with 
respect to the control pulse 382, which arrives at the 
anode 625 thereof via the first resistor 619. The con 
trol pulse is, therefore, coupled via coupling capacitor 
632 to the third resistor 633, and the voltage developed 
across the third resistor is provided to path 514 and the 
phase inverter 380. 

If on the other hand a zero stands in the carry flip 
flop 355, the voltage level of the control grid 602 of the 
gate tube 601 is such that the tube is nonconductive. The 
application of a control pulse 382 to the cathode 605 
under this condition has no effect upon the state of the 
tube and positive pulses 635 and 636 are not produced. 
Therefore, when the control pulse 382 reaches the anode 
625 of the second diode 626 via the first resistor 619, it 
passes through the dicde and through the second resistor 
631 to ground at 629. Thus, the first resistor 619, the 
second diode 626 and the second resistor 631 comprise 
a voltage divider. In similar fashion, as in the case of 
the check indicator, the first resistor. 619 may...be about 
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5;600 ohms and the second resistor 631 about 300 ohms, 
while the diode, in a conductive state, has a resistance 
of about 100 ohms. The output capacitor 632 is con 
nected to this voltage divider at a point which is 400 
ohms from the ground end 629 thereof so that again only: 
about four-sixtieths of the original peak voltage of the 
control pulse 382 appears across the third resistor 633, 
and, therefore, it may be said that the control pulse gate 
391 is substantially closed to the control pulse 382, or 
that path 514 is closed. 
The phase inverter 380 comprises a double triode type 

tube 640 of which the two cathodes 641 and 642 are 
connected together to ground via a resistor 643 which is 
shunted with a bypass capacitor 644. The two anodes 645. 
and 646 are connected together to a B-- terminal 647 via 
an anode resistor 648 and coupled via a coupling capacitor 
649 to lines 395 and 485, which are shown more fully 
in Figure 10. Path 514 is connected to a first control 
grid 651 of the phase inverter tube 640, while line 519. 
of path 515 is connected to the second control grid 652. 
thereof. The third resistor 633 of control pulse gate 391 
has a value in the neighborhood of a megohm, which is 
substantially the same as the grid to cathode impedance 
of a triode section of the phase inverter tube 640. As 
far as the control pulse 382 is concerned, the cathodes 
641 and 642 are at ground potential, the bypass capacitor 
644 being of sufficient magnitude to pass the pulse around 
the cathode resistor 643, Therefore, when the control 
pulse gate 391 passes the control pulse 382 to the phase 
inverter 380, the conductivity of the tube 640 is substan 
tially increased and a negative pulse 396 appears on the 
anodes 645 and 646 thereof. This negative pulse 396 
is coupled via the coupling capacitor 649 to lines. 395 
and 485 and thence to the control flip-flop 350 and the 
carry flip-flop 355, respectively, as set forth above in con 
nection with Figure 10. 

Control pulse gate 392 is arranged to be open to the 
passage of a control pulse 382 arriving via path 515 when 
the column 4 flip-flop 354 stands at 1. Gate 392 com 
prises a circuit similar in many respects to gate 391. 
There is again a pentode-type electron tube 655, a cathode 
transformer 656 and an anode circuit transformer 657 
all arranged in similar fashion to the arrangement in 
control pulse gate 391. The line 511 from the column 
4 output stage 435 is connected to the control grid 658 
of the tube 655, and this grid is biased by way of a bias 
terminal 659 so that the tube is conductive when the 
column 4 flip-flop 354 stands at 1 and is cut off when the 
flip-flop stands at zero. Thus, as in the case of control 
pulse gate 391, when a control pulse 382 arrives in the 
cathode transformer 656, the cathode 661 is driven in a 
positive direction. If the column 4 flip-flop 354 stands 
at 1, the tube is conductive and the control pulse 382 
passes through the gate 392 by way of resistor 662 and 
continues along the path 515 to the next control pulse 
gate 394. On the other hand, if the column 4 flip-flop 
354 stands at zero, the control pulse 382 passes through 
resistor 662 and a diode 663, which functions in the 
same fashion as the second diode 626 of control pulse 
gate 391, to a second resistor 664 of substantially smaller 
magnitude than the first resistor 662, and thence to ground 
at 665. The arrangement of resistors 662 and 664 and 
the diode 663 is again a voltage divider with the output 
from the gate 392 to path 515 taken at the junction of 
the larger resistor 662 and the anode of the diode 663. 
The positive control pulse 382 is then applied via a 

coupling capacitor 667 to an amplifier 668 which func 
tions also as an isolating stage between gates 392 and 394. 
The amplifier 668 comprises an electron tube 669, the 
cathode 671 of which is grounded at 672, and connected 
through first and second resistors 673 and 674 and a suit 
able terminal 675 to a source of potential (not shown) 
which is negative with respect to ground. The control 
grid 676 is connected to the coupling capacitor 667 
through. which the control pulse, 382. arrives from gate 
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392, and to the junetiola of resistors, 673 and 674 via 
a hother resistor 677. By these connections the control 
grid is se biased that the tube is normally substantially 
cut-off, and the arrival of a control pulse 382 renders the 
tube conductive so that a negative pulse 680 is produced 
at the anode 681. Anode potential is furnished via B-. 
line 410 and a connection 682 therefronn to the anode 
681 through the primary winding 683 of an anode circuit 
transformer 684. A unidirectional conductor 685 is 
shunted across the primary winding 683 poked to conduct 
positive pulses from the anode to the B-- connection 682. 
The isolating amplifier 668 may be regarded as a part of 
either of gates 392 or 394, or for that matter as a part 
of neither. It, however, provides the negative pulse 680 
to control pulse gate 394 in a fashion that will now be 
explained. 

Control pulse gate 394 is arranged to pass the pulse 
382 corresponding to the control pulse 382 to the phase 
inverter 380 When either öne öf the column 1, 2 or 3 
flip-flops 351, 352 or 353, respectively, stands at 1. This 
gate includes again a pentode-type electron tube 690, the 
control grid 691 of which is connected to the source 590 
of bias via a suitable bias connection terminal 692, and 
to the output stages of the column 1, 2 and 3 flip-flops via 
line 502 and unidirectional conductors 507, 508 and 509, 
respectively. One secondary winding 693 of the anode 
circuit transformer 684 of the amplifier 668 is connected 
at one end to the cathode 694 of gate tube 690 and at the 
other end to line 536, which connects to the cathode 
voltage tap 538 via line 537. A second secondary wind 
ing 696 of transformer 382 is connected at one end to 
ground at 697 and at the other end to a first resistor 698. 
The anode 699 of the gate tube 690 is provided with B 
potential via a line 701 which is connected to the B-- 
terminal. 543. Line 701 is connected to the anode 699 
through the primary winding 702 of an anode circuit trans 
former 703. A second primary winding 704 of this 
transformer is connected at one end to line 701 and at the 
other end to the screen grid 705 and provides, screen 
voltage in similar fashion as in the other gates 391 and 
392 and the check indicator 487. A unidirectional con 
ductor 695 is connected in shunt with the first primary 
winding 702, and poled to conduct negative pulses from 
the anode 699 to line 701. A diode 706 is connected at 
its anode 707 to the first resistor 698 and at its cathode 
708 to one end of the secondary winding 709 of the anode 
circuit transformer 703. The other end of secondary 
winding 709 is grounded at 711, and a second resistor 712 
is connected across this secondary winding. The first 
resistor 698, the diode 706, and the second resistor 712 
again provide a voltage divider of the kind wherein the 
first resistor has a resistance magnitude of about 5,600 
ohms and the second resistor has a resistance magnitude 
of about 300 ohms. The junction of the first resistor 698 
and the anode 707 of the diode 706 is connected to the 
second grid 652 of the phase inverter 380 via a coupling 
capacitor 713, and a third resistor 714 is connected from 
this second grid 652 to ground. 
The two secondary windings 693 and 696 of the am 

plifier anode circuit transformer 684 are so arranged that 
the first winding 693 provides a first positive pulse 716 
and the second winding 696 provides a second positive 
pulse 382 in response to the occurrence of a negative 
pulse 680 in the primary winding 683. The first and 
second positive pulses 716 and 382, respectively, are 
inverted in phase with respect to the primary pulse 680, 
and are accordingly again positive like the control 
pulse 382. The first positive pulse 716 drives the cathode 
694 of the gate tube 690 in the positive direction and 
again the operation is the same as in the prior described 
gates. The second pulse 382 now takes the place of 
the control pulse 382 and is provided to the voltage 
divider comprising first and second resistors 698 and 712, 
and the diode 706. If either one of the columns 1, 2 
or 3 flip-flops 351, 352 or 353 stands at 1, the gate 
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tube 690 is cut off by the first pulse: 716, a positive pulse: 
717 is generated ith the secondary winding 709 of the 
aede, circuit transformer to cut off the diode 706, and 
the new control pulse 382 passes through the coupling 
capacitor 713 and to ground through resistor 714. Again, 
as in the case of resistor 633 of gate 391, resistor 74 
is large, about a megohm, and pulse 382' appears be 
tween the second grid. 652 and cathode 64 of the tube 
640 of the phase inverter 380 to provide the negative 
pulse 396, fon the other hand all three of the first, 
second and third column flip-flops stands at zero, the 
diode 706 of gate-394 is not cut off with respect to the 
second positive pulse 382 and the new control pulse 382 
passes therethrough to ground at 711 via the smaller, 
resistor 712 and substantially no control pulse voltage 
is provided across the output resistor 714. Thus, both 
gates 392 and 394 must be open to the passage of con 
trol pulse 382 to provide the negative pulse 396 to the 
control and carry flip-flops 350 and 355, respectively. 

Referring now to Figure 16, a phase inverter is shown 
which accepts a negative pulse 750 and produces a posi 
tive or negative output pulse in response thereto by 
transformer action. An electron tube 751 is connected at 
its anode 752 to a source of anode potential B-- (not 
shown) via the primary winding 753 of an anode cir 
cuit transformer 754 and a suitable terminal 755. The 
screen grid 756 of the tube is connected to terminal 755 
via a resistor 757 and to ground at 758 via a capacitor 
759. A unidirectional conductor 761 is connected in 
shunt with the primary winding 753, and poled to pass 
negative pulses frorin the anode 752 to terminal 755. The 
cathode 762 of the tube is connected to ground at 758 and 
through a first resistor 763 and a second resistor 764 in 
series to a source of negative potential B- (not shown) 
via a suitable terminal 765. The control grid 766 is con 
nected to the junction of the first and second resistors 
763 and 764, respectively, via a third resistor 767. The 
input pulse 750 is brought to the control grid via an input 
terminal 768 through a coupling capacitor 769. The sec 
ondary winding 771 of the anode circuit transformer 754 
is grounded at one end at 772 and provides output 
pulses at the other ead 773 thereof. A resistor 774 is 
connected in shunt with the secondary winding 771. 
The tube 751 is maintained normally conductive by 

the choice of B+ and B- potentials and the values 
of resistors 763 and 764. The value R of resistor 764 
may, for example, be 150,000 ohms, and the value of 
Rs of resistor 763 may be 6,200 ohms. With suitably 
chosen potentials, the potential at the control grid 766 is 
thereby adjusted so that the tube is normally conductive, 
and the introduction of the negative signal pulse 750 
renders the tube nonconductive to produce a positive 
pulse 775 at the anode 752. The secondary winding 771 
is connected so that at the output side 773 thereof a 
positive or negative pulse is available as desired. 

Figure 17 illustrates modification of Figure 16 in order - 
that the circuit of Figure 16 may accept positive signal 
pulses. In this case, R5, the value of resistor 763, is 
made relatively. Ilarger, for example, about 10,000 ohms, 
so that the tube 751 is normally nonconductive. The 
introduction of a positive signal pulse then causes the 
production of a negative pulse 776 at the anode 752. 
The unidirectional conductor 761 is accordingly re 

Versed so that it now passes positive changes in potential 
from the anode 752 to the B+ terminal 755. In other 
respects, the circuit of Figure 17, is identical to the circuit 
of Figure 16. It will be appreciated that the circuit of 
Figure 17 is suitable for use in phase inverter 522 of 
Figure 10. - - - 

It will be appreciated that the invention may take many 
forms too numerous to set forth herein, and may be. 
employed in numberless-situations. Thus, for example, 
in a computing machine, the invention has been employed 
not only to monitor or supervise storage and transfers 
throughout the machine, but also to verify the selection of 
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memory positions and the transfers of operation codes. 
The memory system of a computer may involve some 
hundreds of delay lines in each of which there may be 
stored, for example, thirty-two information words. Thus, 
a selection from the memory involves a spatial selection 
from among the information delay lines and a temporal 
selection from among the information word positions in 
the delay line selected. The delay lines each have asso 
ciated therewith an identifying word or “tag” which is 
a binary number. Whenever a line is selected, the identi 
fying word thereof is compared for identity with the 
number of the line as it occurs in the command governing 
the selection. The circuit of Figure 7 is useful for this. 
purpose. The temporal selection is made with the aid 
of an auxiliary delay line, which is operated in synchro 
nism with the information delay lines. The various word 
positions in the auxiliary line contain binary numbers 
starting with 0. Each time a word is taken from an in 
formation line, a word is simultaneously gated out of 
the auxiliary delay line, and the number so obtained is 
compared for identity with the information word posi 
tion as it appears in the command governing the selection. 
Again, the circuits and systems already described in de 
tail have readily apparent utility for this purpose. In 
this manner, each selection made from memory is verified 
during the selection cycle in which it occurs. ? ? 
The utility of the invention in supervising telemetering. 

systems makes possible also, for example, supervision of 
the transmission of operational codes from the central con 
trol of a computer to the arithmetic unit thereof. To this 
end, a code, generator is incorporated in the arithmetic 
unit. For each arithmetic operation the code generator 
returns an operation code to central control for compari 
son purposes. 

Although from the foregoing description of the in 
vention as applied to a computer it might appear that the 
Supervising system is elaborate in the sense that each 
function of the computer is checked during each operating 
cycle, the equipment necessary to provide such checking 
actually does not exceed twenty per cent of the total 
equipment in the computer. The supervising equipment 
may conveniently have associated with it a set of con 
trols and indicator lights, for example neon lights, which 
operate to stop the computing machine and indicate the 
location of the fault. By virtue of such diagnostic char 
acteristics, the defective part of subassembly can be quick 
ly located and replaced, in many cases without loss of 
information or the disruption of the computing routine. 
The invention is, of course, not to be limited to or 

by details of the specific elements employed in the vari 
ous embodiments thereof that have been herein illus 
trated and described. For example, the term "delay line' 
is understood to be merely illustrative of any suitable 
means for creating a suitable time differential or delay. 
Likewise, as has been pointed out, the terms "unidirec 
tional conductor," "rectifying device,” and "rectifier” are 
all generally representative of a suitable device such as 
a crystal or a diode or the like for isolating, clamping, or 
other purposes as set forth. 

It will be apparent to those skilled in the art that the 
invention may occur in still other forms and employ 
ments, and accordingly it is intended that the claims that 
follow shall be limited not by the details of the embodi 
ments described herein, but rather only by the prior art. 

In the claims that follow, the term "compare" is em 
ployed to mean any checking of an arrived-at result, 
quantity, indicator, or number against a standard, whether 
arbitrarily established or systematically arrived at, for 
the purpose of determining whether or not a particular 
relationship exists. . . . 

1. What is claimed is: 
1. A system for handling an item of information in the 

binary notation comprising means for assigning arbitrary, 
numerical values to the columns of the binary representa 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

42 
normal values of said columns in accordance with a pre 
scribed scheme, means for deriving a first binary number 
in accordance with the sum of the assigned numerical 
values of those columns wherein the digit "1" appears, 
means for performing an operation upon said representa 
tion which operation terminates in a resulting binary 
representation, means for assigning numerical values to 
the columns of said resulting binary representation dif 
fering among each other and from the normal values of 
said columns in accordance with a prescribed scheme, 
means for deriving a second binary number in accordance 
with the sum of the assigned numerical values of those 
columns of said resulting binary representation wherein 
the digit "1" appears, and means for comparing said sums. 

2. A system for supervising the transfer of an item 
of information in the binary notation together with an 
indicator derived by generating a first binary number sig 
nal in accordance with the binary system representation 
of said item, comprising means for translating said binary 
number signal and said representation, means to receive 
said number signal and said representation, means for 
generating a second binary number signal in accordance 
with said representation as translated, and means for com 
paring said first and second binary number signals. 

3. A system for supervising the mathematical addition 
of two binary quantities comprising means for generating 
from each quantity and their sum a weighted count of 
the 1-bearing columns in accordance with a prescribed 
column weighting scheme, means for summing the weight 
ed counts of said quantities, and means to compare the 
weighted counts of the sum of said quantities with the 
sum of the weighted counts of said quantities. 

4. A system for supervising the algebraic addition of 
two binary quantities comprising means for weighting cor 
responding columns of each quantity and their sum with 
similar values chosen in accordance with the scheme 1, 2, 
4, 8, 16, 1, 2, 4, 8, 16, etc., starting with the extreme 
righthand column, means for generating a weighted count 
of the 1-bearing columns of each of said quantities and 
their sum, means for summing the weighted counts of 
said quantities, means for deriving the difference between 
the weighted count of the sum of said quantities and the 
sum of the weighted counts of said quantities, means for 
providing binary 31, means for adding binary 31 to the 
absolute value of said difference, means for weighting the 
columns of the binary form of the resulting sum in ac 
cordance with said scheme, means for generating a fourth 
weighted count of the 1-bearing columns of said resulting 
sum, and means for comparing said fourth weighted count 
with binary 31. . . . . . 

5. A system for supervising the multiplication of two 
binary quantities comprising means for generating from 
each quantity and their product a weighted count in ac 
cordance with a prescribed scheme, means for multiply 
ing the weighted counts of said quantities, means for gen 
erating from the resulting product a fourth weighted count 
in accordance with said scheme, and means for compar 
ing said fourth weighted count with the weighted count of 
the product of said quantities. 

6. A system for supervising the multiplication of two 
binary quantities comprising means for weighting corre 
sponding columns of each quantity and their product with 
similar values chosen in accordance with the schemes 
1, 2, 4, 8, 16, 1, 2, 4, 8, 16, etc., starting with the extreme 
right-hand column, means for generating a weighted 
count of the 1-bearing columns of each of said quantities: 
and their product, means for multiplying the weighted 
counts of said quantities, means for generating from the 
resulting product a fourth weighted count of the 1-bear 
ing columins. in. accordance with. said scheme, means for 
deriving the difference between said fourth weighted 
count and the weighted count of the product of said 
quantities, means for providing binary 31, means for add 
ing binary 31, to the absolute value of said difference, 

tion of said item differing among each other and from the 75 means for weighting the columns of the binary form of 
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columns of said resulting slim, and means. 
said fifth weighted count with binary. 31. 

7. A system for supervising the division of two binary, 
quantities comprising means for generating, from each 
quantity, their quotient and remainder a weighted count, 
in accordance with a prescribed scheme, means for multi 
plying the weighted counts of the divisor and the quotient, 
means for generating from the resulting product a fifth. 
weighted count in accordance with said scheme, and 
means for comparing the sum of the weighted count of 
the remainder and said fifth weighted count with the 
weighted count of the numerator. V 

8. A system for supervising the division of two binary 
quantities comprising means for weighting corresponding. 
columns of each quantity, their quotient and remainder 
with similar values chosen in accordance with the scheme. 
1, 2, 4, 8, 16, 1, 2, 4, 8, 16, etc., starting with the ex 
treme right-hand column, means. for generating a weight 
ed count of the 1-bearing columns of each of said quan 
tities, their quotient and remainder, means for multiply 
ing the weighted, counts of the divisor and the quotient, 
means for generating from the resulting product a fifth 
weighted count in accordance with said scheme, means 
for deriving the sum of the weighted count of the remain 
der and said fifth weighted count, means for deriving the 
difference, between said sum and the weighted count of 
the numerator, means for providing binary. 31, means. 
for adding binary 31, to the absolute value of said dif 
ference, means for weighting the columns of the binary, 
form of the last resulting sum in accordance with said 
scheme, means for generating, a sixth weighted count of 
the 1-bearing columns of said last resulting sum, and 
means for comparing said sixth weighted count with 
binary 31. 

9. A system - for supervising the conversion of numeri 
cal information - between the binary. and decimal nota-. 
tions comprising means for weighting the columns of the 
binary, form of said information in accordance, with a 
first prescribed scheme, means for generating a weighted 
count of said binary form as weighted, means for deriving. 
the algebraic sum of the digits of the decimal form of said 
information, means for deriving a weighted count of the 
remainder, after conversion in accordance with a second 
prescribed scheme, related to said first scheme, and means. 
to derive the sum of said algebraic sum and said weighted 
counts 

10. Assystem for-supervising the conversion of numeri 
cal information between the binary and decimal notations. 
comprising means for weighting the columns, of the bi 
nary, form of said information in accordance with a 
first prescribed scheme, means for, generatin eighted 
count of said binary form as weighted, means for de 
riving... the algebraic sum of the digits of the decimal 
foran of said: information, means for deriving a weight 
eds, count of the remainder after conversion in accord 
ance with a second prescribed scheme, related to said 
first scheme, and means to derive the sum of said: alger. 
braic si sum, and i said: weighted counts, - said last-named 
means including an electronic gate circuit and control 
means therefor, said: circuit having a check signal input 
path. and first, and second output paths, said control 
means being connected to cause a check signal to take said 
first path when the derived sum has a first prescribed 
value: with a prescribed modulo and: to take said second 
path when said derived sum has any other value. with 
the same-modulo. 

11: A system for supervising-the-conversion-of-an-item, 
of fractional numerical information from the binary to 
the-decimal notation where-in-each notation the number 
consists of digits following-the-binary-or-decimal point-to 
the right, comprising-means-for-weighting-the-columns of 
the binary form of said information in accordance... with 
the scheino-4, 2,1,5,7,842, i. 5,7,8, etc., from the. 
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binary, point to the right, means for weighting the binary, 
col of the remainder after conversion in accordance. 
with the scheme: 5, 7, 8, 4, 2, 1,5,7,8, 4, 2, 1, etc., from 
the binary point to the right, and means for summing. 
modulo 9 the 1-bearing weighted, columns of said binary. 
form of said information, said remainder, and the alge 
braic values. of the digits of the decimal form of said in 
formation. 

12. A system for supervising the conversion of an item. 
of fractional numerical information from the decimalto. 
the: binary notation where in each notation the num 
ber consists of digits, following the binary, or decimal 
point to the right, comprising means for weighting the 
columns of the binary form of said information in ac 

l5. CQF nce with the- scheme 4, 2, 1, 5, 7, 8, 4, 2, 1, 5, 7, 
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8, etc., from the binary point to the right, means - for 
weighting the columns of the binary-coded form. of each, 
digit of the remainder, after conversion in accordance. 
with the same scheme commencing with the weight 4, 2, 
1, 5, 7, or 8 depending upon the number of columns at 
tained in said binary form of said information in accord 
ance with the relation. 

where 

n is said number of columns, 
pisa non-negative-integer, and 
ki is an-integer which can-have a value-from 0 to 5; inclu 

sive 

and means for summing modulo 9 the 1-bearing weighted 
columns of said binary form of said information and of 
said binary-coded form of said digits of said remainder, 
and the algebraic values of the decimal form of said in 
formation. 

13. A system for supervising the conversion of numeri 
cal information between the binary and decimal nota 
tions where in each notation the number consists of digits 
following the binary or decimal point to the right, com 
prising means for weighting the columns of the binary. 
form of said information in accordance with the scheme 
4; 2, 1, 5, 7, 8, 4, 2, 1, 5, 7, 8, etc., means for weighting 
the columns of the binary form of the remainder after 
conversion in accordance with the same scheme, and 
means, for summing modulo 9 the 1-bearing weighted col 
lumns of said binary form of said information and re 
mainder and the algebraic values of the decimal form of 
said information. 

14. In an information handling system, means provid 
ing a first single group of information signal elements. 
which are: arranged with respect to each other in accord 
ance with a first scheme whereby, to convey intelligence, 
means for generating a second single group of informa 
tion signal elements from said-first group in accordance. 
with a second scheme wherein said: first group elements. 
are given relative. values different from their relative 
values in accordance with said first scheme and differing 
among each other, means for performing an operation. 
upon said-first group; and means, responsive to said sec 
nd:group and to assingle reference:group of signal elle 

ments for monitoring, said: operation. 
15: In an information handling system, means, provid 

st:...single group of information signal elements. 
which are arranged-with respect to each other in accord 
ance-with a first scheme whereby-to-convey intelligence, 
means: for generating. a. second single, group of informa 
tion signalselements from said first group...in accordance 
with a scheme: wherein said-first group. elements are given 
relative values different from their relative values-inac 
cordance with said first scheme and differeing among each 
other, means for performing an operation. upon said first 
group, and thereby providing a resulting-group of infor 

75. 
mation: elements : conforming, t? said firstscheme, means. 

- for generating:a: thirds of informatican signal, 
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elements from said resulting group in 

relative values different from their relative values in ac 
cordance with said first scheme and differing among each 
other, and automatically operative means for comparing 
said second and third groups and generating an error in 
dication in the event said second and third groups do not 
compare. 

16. A system for handling information in the form of 
a first single series of numerical information signal ele 
ments comprising means for assigning to successive ones 
of said elements arbitrary numerical values of a second 
cyclically repeating series different from the normal 
values of said elements, means for deriving a second 
single series of information signal elements indicative of 
a sum of said arbitrary numerical values in accordance 
with the composition of said first series, and means re 
sponsive to said second series and to a single reference 
signal element series for monitoring the handling of said 
information. 

17. In an information handling system, electrical means 
providing a first single series of electric pulses which are 
arranged with respect to each other in accordance with a 
first scheme whereby to convey intelligence, a plurality of 
signal paths, electrical switch means arranged to direct 
successive ones of said pulses into successive ones of said 
paths in accordance with a second Scheme, electrical 
means to derive from the electric pulses thereby present 
in said paths a second single series of electric pulses in 
accordance with the composition of said first series, and 
means employing said second series of electric pulses and 
a single reference series of electric pulses to monitor the 
handling of said first series. o 18. In an information handling system, electrical 
means providing a first single series of electric pulses 
which are arranged with respect to each other in accord 
ance with a first scheme whereby to convey intelligence, 
a plurality of signal paths fewer in number than the total 
possible number of electric pulses in said series, electrical 
switch means between said electrical means and Said 
pulse paths arranged to direct successive ones of Said 
pulses into successive ones of said paths in accordance 
with a cyclically repeated switching scheme, electrical 
means to derive from the electric pulses thereby present 
in said paths a second single series of electric pulses in 
accordance with the composition of said first series, and 
means employing said second series of electric pulses and 
a single reference series of electric pulses to monitor the 
handling of said first series. 

19. In an information handling system, electrical 
means providing a first chronological series of electric 
pulses which are arranged with respect to each other in 
accordance with a first scheme whereby to convey in 
telligence in the binary form of notation, said intelligence 
residing in the presence or absence of a pulse in each 
of a first plurality of successive pulse spaces, a second 
plurality of pulse paths fewer in number than said first 
plurality, normally closed switch means between said 
electrical means and said paths arranged cyclically and 
successively to open selected ones of said paths - momen 
tarily during successive ones of said pulse spaces, and 
a binary counter having said paths as the inputs to suc 
cessive columns thereof. 

20. In an information handling system, electrical 
means providing a first chronological series of electric 
pulses which are arranged with respect to each other in 
accordance with a first scheme whereby to convey intelli 
gence in the binary form of notation, said intelligence 
residing in the presence or absence of a pulse in each 
of a first plurality of successive pulse spaces, a second 
plurality of pulse paths fewer in number than said first 
plurality, normally closed switch means interposed be 
tween said electrical means and said paths arranged cycli 
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cally and successively to open selected ones of said paths 75 
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momentarily during successive ones of said pulse spaces, 
a binary counter having one column in excess of said: 
second plurality, means connecting said paths in input 
relation to successive columns of said counter except said 
one column, said one column being the highest order 
column and said counter having no carry following said 
one column. 

21. A system for handling an item of information in 
the binary notation comprising means for assigning arbi 
trary numerical values to the columns of the binary repre 
sentation of said item differing among each other and 
from the normal values of said columns in accordance 
with a prescribed scheme, means for deriving a first 
binary number representing the sum to a prescribed 
modulus of the assigned numerical values of those col 
iians wherein the digit 1 appears, means for performing 
an operation upon said representation which operation 
terminates in a resulting binary representation, means 
for assigning numerical values to the columns of said 
resulting binary representation differing among each other 
and from the normal values of said columns in accord 
ance with a prescribed scheme, means for deriving a 
second binary number representing the Sum to Said modu 
lus of the assigned numerical values of those columns 
of said resulting binary representation wherein the digit 
1 appears, and means for comparing each column of 
said first binary number with the corresponding column 
of said second binary number. 

22. A system for supervising the transfer of an item 
of information in the binary notation together with an 
indicator derived by assigning arbitrary numerical values 
to the columns of the binary representation of said item 
differing from the normal values of said columns in ac 
cordance with a prescribed scheme, and deriving a first 
binary number representative of the sum to a prescribed 
modulus of the assigned numerical values of those col 
umns wherein the digit 1 appears, comprising means for 
translating said binary representation and said first binary 
number as a single binary-form unit, means to receive 
said unit as translated and to separate said representation 
from said first binary number, means for assigning arbi 
trary numerical values to the columns of said representa 
tion as received differing from the normal values of said 
columns in accordance with said scheme, means for de 
riving a second binary number representative of the sum 
to said modulus of the assigned numerical values of those 
columns of said received representation wherein the digit 
1 appears, and means for comparing each column of the 
first binary number with the corresponding column of the 
second binary number. 

23. A system for supervising a mathematical operation 
being performed upon first and second binary numbers 
comprising means for generating from each number and 
the result of said operation a weighted count of the 
1-bearing columns in accordance with a prescribed col 
umn weighting scheme wherein values differing from the 
normal values are assigned to the columns, means for 
performing upon the weighted counts of said numbers a 
Second mathematical operation which is related to the 
operation performed upon said numbers, and means to 
compare the weighted count of said result with the result 
of said second operation. 

24. A system for supervising the mathematical addition 
of two binary quantities comprising means for generating 
from each quantity and their sum a weighted count of 
the 1-bearing columns in accordance with a column 
weighting scheme wherein the columns of each quantity 
and the sum are assigned values differing from the normal 
values and regularly changing from one end to the other, 
means for summing the weighted counts of said quanti 
ties, and means to compare the weighted counts of the 
Sum of said quantities with the sum of the weighted 
counts of said quantities. 

25. A system for supervising the mathematical addi. 
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ing to a scheme wherein said predetermined values dif 
fer among each other in a regularly-repeated fashion in 
accordance with a binary progression, means for gen 
erating a signal which is characteristic of said group by 
operation upon said predetermined values in accordance 
with a binary progression prescribed scheme, and 
means responsive to the composition of said signal and 
a reference signal for monitoring the handling of said 
information. 

38. A An electronic data processing system for han 
dling information in the form of a group of information 
signal elements consisting of a sequence of elements each 
of which is in one or the other of two mutually exclusive 
states, comprising means to provide said sequence of 
elements, means for assigning to each element space in 
said sequence a predetermined value according to a 
scheme wherein said predetermined values differ among 
each other in a regularly-repeated cycle in accordance 
with a binary progression, means for generating a signal 
which is characteristic of said group by operation upon 
said predetermined values in accordance with a binary 
progression prescribed scheme related to said cycle, 
means for performing an operation upon said group, and 
means responsive to the composition of said signal and a 
reference signal for monitoring the accuracy of said oper 
ation. 

39. A system for supervising a mathematical operation 
being performed upon first and second numerical in 
formation items wherein each item and the result of said 
operation are in the form of a distinct group of informa 
tion signal elements and each group consists of a se 
quence of elements each of which is in one or the other 
of two mutually exclusive states, said system comprising 
means to provide each of said sequences of elements, 
means for assigning to each element space in each se 
quence a predetermined value according to a scheme 
wherein said predetermined values differ among each 
other in a regularly-repeated fashion, means for generat 
ing from each sequence a secondary group of information 
signal elements by operation upon said predetermined 
values of said sequence in accordance with a prescribed 
scheme, means for performing upon the secondary groups 
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of information elements of said items a second mathe 
matical operation related to the operation being super 
vised, and means for comparing the result of said second 
operation with the secondary group of information ele 
ments of said result of said operation being supervised. 

40. A system for handling an item of information in 
the binary notation comprising means for weighting the 
columns of the binary form of said information in accord 
ance with a prescribed scheme, means for generating a 
binary-form number by summation of the 1-bearing col 
umns as thus weighted, means for increasing said number 
by one binary digit, and means employing said increased 
binary number and a reference binary number to moni 
tor the handling of said information. 

41. A digital data processing system for handling bi 
nary coded information in the form of a group plu 
rality of groups of information signal elements, each 
group consisting of a fixed number sequence of ele 
ments, each element of which is in one or the other of 
two mutually exclusive states, comprising means to pro 
vide said sequence of elements in a binary notational 
form, means for assigning a predetermined value to each 
element space in said sequence, electronic circuit means 
for generating a single signal element which is character 
istic of said group by operation upon the predetermined 
values of those element spaces which bear information 
in only one of said two states, said single signal element 
being indicative of the presence of an odd or even number 
of elements in said one of said two states, and means 
responsive to the composition of said single signal ele 
ment and a reference signal element for monitoring the 
handling of said binary information. 
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