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Patented June 14, 1949 2,473,444 

UNITED STATES PATENT OFFICE 
2,473444 

COMPUTENG SYSTEM 

Jan. A. Rajchman, Princeton, N. J., assignor to: 
Radio. Corporation of America, a corporation of 
Delaware. 

Application February:29, 1944. Seria.No. 524,45. 
(C 235-6) 2 Claims. 

1. 
This invention...relates: to computing systems, 

such as are utilized to convert a value: of a Varis. 
able to the value; of... as desired...function of the 
variable, and has for its principal object the 
provision of an improved apparatus; and method 
of. operation, wherebyr (1): values: of a variable 
expressed in the. decimal system may bei, const 
verted to values of a function. of the, variable 
expressed in the same: system, (2): values; of a 
variable expressed in the biquinary system may 
be converted to values: of a function of the Vari 
able expressed in the same system.or. (3) values' 
expressed in one numerical system may be readily 
converted, so, as to be expressed in another nue 
merical system, 
The:present invention is: related to...that...dis 

closed in... a copending: application Serial No. 
508,343, filed. October 30, 1943, now, Patent: No, 
2,428,811, which is: directed, more a particularly, 
to an apparatus for converting values: of a vari 
able expressed in the binary: system to values" of 
a function of the variable: expressed in the 
same system. This system is satisfactory, where 
potentials; representative" of the binary values 
of the function are to be utilized directly in the 
control of other apparatus. In Some cases, how 
ever, a direct indication of values", expressed in 
the decimali system...is desirable. This is realized 
by the present invention. 

In many computing: devices, it is, desirable to 
operate , with: numbers as opposed to continu 
ously variable physical quantities such as voltage 
or current;. The numbers upon. Which the COm 
putation...is made are usually carried on as Sys 
tem of conductors, Some of which have:One def 
nite:potential and some others have another defi. 
nite potential. 
usual decimal scale, the conductors: can be are 
ranged in groups: of tens, each group'corresponder 
ing toia decimal place and each condutor in any 
one group to one of the ten; decimal digits. If 
such a system is used, one of the ten conductors 
in any one group will be: of: the potential. Wii and 
all otherse of the potential W2. 

In such computing devices; it is: often desirable 
to generate one number, as a function of one. Or 
more others. The functional relationship be 
tween the variable. and function is often given. 
interms of a table. An example of such a table 
for a one variable: fiunction F (X), is, given in 
able I 

To... represent numbers: in the 
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Table I 

333. 
72.42 

568, 721.47. 
569; 721.51 
570, 72.54 
571. 72.56 
572 72.57 
573 .72.58: 
574, 72.60 
575 721.63 
576. , 721: 67. 
577. 721.72- . 

721: 78 
721.88 

If the various values are expressed in-the-bia 
quinary system, the converting apparatus is con 
siderably simplified for the reason that ten digits 
may be:... represented by seven potentials which 
are divided into a groups of five indicated as 
0, 1, 2, 3, 4' and a group of two indicated as A. 
and B: For every digit of the value; one con 
ductor of each group is excited: The relation 
between the decimal and biquinary systems is 
indicated by the following Table:II: 

Decimal Biquinary 

1A 
2A. 
3A. 

o 
. 

2. 
3. 
4: 
5. 
6 
7; 
83 
9. 
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It is well known that the ten decimal SyS 
tem digits may be represented by four binary 
system digits. The relation between the two Sys 
tems is shown by the following Table III: 

Decimal in Binary 
Notation 

Direct 
Decimal 
Notation 

0000 
0001 
0010 
001 
01.00 
00: 
Oll.0 
0. 
1000 
1001 

0 

2 
3 
4. 
5 
6 
7 
8 
9 

Whether only one numerical System is in 
volved (as in the conversion of the value of a 
variable to the value of a function of the vari 
able) or more than one numerical System is 
involved (as in the conversion of values from 
the decimal systems to other Systems or Vice 
versa), the same type of apparatus is utilized. 

This apparatus involves two groupS or SyS 
tems of conductors which, for convenience of 
expression, may be designated as horizontal and 
vertical conductors although this particular dis 
position of the two groups is not at all essential. 
One or the other of two potentials are applied to 
the vertical conductors in a manner to represent 
the successive digits of a number to be converted 
either to the value of a function or to the same 
value expressed in another numerical System. 
In the illustrated forms of the invention, a more 
positive potential of -340 volts generally is ap 
plied to a vertical conductor which is to repre 
sent a digit and a more negative potential of 
-600 volts is applied to a vertical conductor 
which is to represent the absence of a digit. 
These voltages are established on the different 
vertical conductors through input tubes of the 
cathode follower type by switching their grid 
potentials to one or the other of the two indi 
cated voltages or their equivalent. 
When the number to be converted is expressed 

in the decimal system, a group of ten vertical con 
ductors, numbered as 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, is 
provided for each digital position of the number 
and only one of the conductors of each group is . 
charged to the more positive potential. When 
the number to be converted is expressed in the 
biquinary System, two groups of conductors, num 
bered respectively 0, , 2, 3, 4 and A, B, are pro 
vided for each digital position of the number and 
one conductor of each of the two groups is charged 
to the more positive potential. When the num 
ber to be converted is expressed in the binary SyS 
tem, the number of Vertical Conductors is equal 
to the number of the digital positions of the 
largest value to be converted and the Vertical 
conductors corresponding to a digit one of the 
binary number are charged to the more positive 
potential while the other vertical conductors are 
charged to the more negative potential. 
The horizontal conductors may be considered as 

corresponding to the different values of a variable 
X, e. g. the different numbers represented by po 
tentials established on the vertical conductors as 
described above. Where the value of a variable 
is to be converted to the value of a function of 
the variable, these horizontal conductors are con 
nected through one megohm resistors to the Wer 
tical conductors in such a way that the horizontal 

5 

O 

5 s 

60 

70 

4. 
able is charged to the more positive potential when 
and only when potentials representative of that 
value are applied to the input terminals of the 
vertical conductors. Where values expressed in 
one numerical system are to be converted to the 
same values expressed in another numerical SyS 
tem, the horizontal conductors are connected 
through one megohm resistors to the vertical con 
ductors in a manner to make available at the 
output terminals of the horizontal conductors 
potentials representative of the converted num 
ber as hereinafter explained. 

In case the apparatus is to be utilized to Con 
vert the values of a variable to the values of a 
function of the variable, the horizontal conduc 
tors discussed above are coupled to a second group 
of horizontal conductors which are interconnected 
with a Second group of vertical conductorS to 
form a function matrix. Potentials representa 
tive of the different values of the function are 
derived from the output terminals of the Second 
group of vertical conductors and indicated by 
any suitable means such as neon lamps or the 
like. 
The invention will be better understood from 

the following description considered in connec 
tion with accompanying drawings and its scope 
is indicated by the appended claims. 

Referring to the drawings: 
Figure i is a wiring diagram of a generator 

which (1) is actuated by potentials representative 
of the various digits of a decimal System number 
expressing a selected value of a variable and (2) 
delivers at its output terminals potentials repre 
sentative of the various digits of a decimal sys 
tem number expressing the value of a function 
of the Variable for such selected value, 

Figure 2 is a wiring diagram showing the con 
nections of one set of Selector input, function 
matrix input and function matrix output tubes, 

Figure 3 is a wiring diagram similar to that of 
Fig. 1 with the exception that it is modified to 
function in connection with decimal scale mern 
bers having a biquinary notation and somewhat, 
reduces the number of required parts, 

Figures 4 and 5 illustrate certain details of an 
apparatus for converting a biquinary input to a 
decimal output, 

Figures 6 and 7 illustrate an apparatus for con. 
verting a decimal input to a biquinary output, 

Figure 8 illustrates an apparatus for converting 
a binary input to a decimal output, and 

Figure 9 illustrates an apparatus for converting 
a decimal input to a binary output. 
The function generating apparatus of Fig. 1 

includes a function matrix and a selector matrix 
each having a plurality of horizontal conductors, 
The horizontal conductors of the two matrices 
are coupled together through tubes each similar 
to the tube 20 of Fig. 2. The selector matrix also 
includes a plurality of vertical conductors which 
are shown as arranged in groups of ten, there 
being one of these groups for each digital posi 
tion of the variable. To the lower or input ends 
of each of these vertical conductors of the se 
lector matrix is connected an input tube similar 
to the tube 2 of Fig. 2. The function matrix 
also includes a plurality of vertical conductors 
which are shown as arranged in groups of ten, 
there being one such group for each digital po 
Sition of the function of the variable. To the 
lower or output end of each of these vertical con 
ductors of the function matrix is connected an 
output tube similar to the tube 22 of Fig. 2. These 

conductor representing a given value of the vari- 75 input, coupling and output tubes appear in Fig. 1 
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as Small circles. How they operate is hereinafter 
explained in detail. 
The horizontal and vertical conductors of the 

selector matrix are interconnected so that stic 
'cessive horizontal "conductors represent Successive 
“values of the variable. Thus if the lowest value 
to be assigned to the variable is 544, the lower 
'most horizontal conductor is connected to con 
*ductor 4 of the right handsgroup, to conductor: 
of the center-group and to conductor; 5 of the left 
and group. These “connections (indicated by 
otS) are inade through.iene negohn resistOS 
Star to the resistor 23.ef Fig. 2. 
The successive horizontal "conductors of the 

function natrix correspond to successive values 
of the variable. Each of these horizontal icon 
stictors is connected to the vertical conductor's 
of the function matrix so as to make available 
at the lower ends of the Vertical conductors p0 
tentials representative cf the decimal system 
"number by which the value of the function for 
ithat particular value of the variable is expressed. 

his the herizontal conductor representing a 
"value of 544 for the variable is so connected to 
'the vertical conductors as to produce at the out 
put terminals of the function matrix potentials 
"representative of a function having a value of 
71 (see able ). These connections (indi 
-cated by dots) are each made through a one 
negohn resistor Similar to 'the resistor 24 dif 
Fig.2. 
The potentials representative of the selected 

'value of the variable Xi are established on the 
sproper vertical conductors of the 'selector matrix 
'by means of the input tubes 21 (see Fig.2) which 
have their anoes grounded and their cathodes 
connected to a -800 volt lead through a resistor 
"25. With these connections, each of these input 
tubes operates as a cathode follower so that the 
vertical conductor to which it is connected is . 
at a potential of -600 v. or -340 v. depending 
ion which of these potentials is applied to the 
itcontrol grid of the input tube. When any “ver 
itical conductor does not represent a digit of the 
selected value of the variable X, its potential 
'is established at -600 v. When such conductor 
:does represent a digit of the selected value of 
the variable X, its potential is established at 
- 340 v. For example, a value of the variable 
X equalito 572 is established by applying a grid , 

"potential of -340 v. to tube 2 of the right hand 
ygroup of inputt tubes, to the tube of the Center 
group of input tubes and to the tube 5 of the 
left handsgroup of input tubes. The grid poten 

itials of all the other tubes of the three groups 
are maintained at 600 v. The result is that 
;the:horizontal conductor'572 is at a more positive 
potential than the other horizontal conductors 
of the Selectornatrix. 
This more positive potentialis: applied through 

'the 'vertical conductors, the resistors 23 and the 
:horizontal conductors to the control grids of the 
coupling tubes 20. For example, a potential of 
about -340 v. (more positive than -600 v.) is 
applied to the grid of the tube 20 (see Fig.2) 
through the vertical conductor T (center, group), 
a resistor 23 and the horizontal conductor 52, 
The same is true of the "vertical conductor 2 

;of the right hand group and of conductor 5 of 
Sthe left hand group, which, together with the 
vertical conductor of the center group, are 
;Connected to the horizontal conductor 52. Since 
the grids of the coupling tubes 20 are eachacon 
:alected to a different horizontal conductor of 
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O 

6 
"tained at -30 v., it follows that the selected one 
'of these coupling tubes will conduct and that 
all the other coupling tubes will be biased off 
(since the grids of these tubes are at -600 
volts. It is fundamental that if a conductor is 
connected through equal resistances to three 
other conductors forcibly maintained at different 
potentials it assumes the average potential of 
these conductors. The four possible cases are 
tabulated below: 

(a) -340, -340, -340-----------AVerage -340 
(b) -340, -340, -600------ Average -427 
(c) -340, -600, -600--------- AVerage -53 
(d) -600, -600, - 600----- Average - 600 
“Only case (a) Enakes the tube (20) conducting 
isince the cathodes are at -340, 

All the horizontal conductors 544 to 65 of 
the function matrix are at zero potential with 
the 'exception of the one connected to the cou 
pling tube which is not biased off. The one 
gonnected to the coupling tube which is not 
biased off assumes a potential of about -300 
Yolts. The result is that all the vertical con 
ductors of the function matrix which are Cole 
snected to this negatively charged horizontal 
*conductor assume a negative potential with re 
spect to all the other vertical wires of the func 
tion matrix and the output tubes 22 which have 
their grids, connected to these negatively charged 
vertical conductors are biased off. This follows 
from the fact that the cathodes of all the Out 
put tubes 22 are grounded. For example, if 
the horizontal conductor 512 is connected to the 
coupling tube which is not biased off, the seven 
tube of the first group (the right hand one), 
the five tube of the second group, the one tube 
of the third group, the two tube of the fourth 
group and the seven tube of the fifth group are 
all biased off. All the other output tubes 22 
are conducting. 

For the purpose of indicating the value of the 
function (in the assumed case equal to 7357) 

neon lamp 26, or the equivalent, is connected 
between the anode of each tube and a 10 W. 
terminal. When the tube 22 is conducting, its 
anode is more negative due to the potential drop 
of the resistor 27 and the lamp 26 is unlighted. 
When the tube 22 is not Conducting, its potential 
is at Substantially the same potential as the 
+300 V. lead and the lamp 26 is lighted. 
With the "Selector and function matrices con 

rected as described above, every horizontal con 
*ductor is connected to every vertical conductor 
through many spurious leakage paths. This Oes 
not interfere with the operation of the selector 
matrix because the "degenerative drive of the 
input tubes 24 maintains forcibly the desired 
'potentials of the vertical conductors, nor do 
these Spurious leakage paths or parasitic cou 
iplings interfere with the operation of the func 
tion matrix because the ratio of the coupling re 
sistance *(one negohm) to the driving plate re 
'sistance (30,000 ohms) is very high. As sug 
*gested in the aforesaid copending application 
Serial No. 508,343, these parasitic currents may 
be minimized by (1) phase reversal on vertical 
iconductors having a number of connections 
'greater than NA2 or (2) replacing each coupling 
tube 20 by two tubes arranged to produce a de 
5 generative:drive. 

:Figure 3 illustrates:a function generator which 
issimilar to but more simplethan that of Figs. 
and 2 in that it is based on a biquinary notation 

the selecterinatrix and their cathoötes are main- 75 insteadiofatirect decimal notation. By means of 
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this notation, it is possible to express the ten 
digits by only seven potentials which are divided 
into one group of five, indicated by 0, 1, 2, 3 and 4, 
and one group of two, indicated by A and B. 
For every digit of the value of the Variable, one 
conductor of the group of five and one conductor 
of the group of two is excited. The pattern of 
excitation is related to the decimal digits ac 
cording to “Table II' generally discussed earlier 
in this disclosure. 
The selector and function matrices for the 

biquinary System are constructed in a manner 
similar to those of the direct decimal system 
shown by Figs. 1 and 2. The connections of the 
various tubes and the values of all the resistances 
are the same. The proper connections betWeen 
the horizontal and Wertical conductors of the 
two matrices are indicated in Fig. 3 by dots. The 
vertical conductors of the Selector matrix repre 
senting the digits of the selected value of the 
variable X are made more positive than other 
vertical conductors of the Selector matrix in the 
same manner as that described above in Con 
nection with FigS. 1 and 2. For example, if the 
selected value of X is 572, the grids of the input 
tubes 2 connected to the vertical conductors 2 
and A of the right hand group, 2 and B of the 
center group and 0 and B of the left hand group 
are all connected to the -340 W. terminal. This 
results in a more positive potential on the grid 
of the coupling tube 20 connected to the func 
tion matrix conductor 52 and biasing Off of 
tubes O and B in the first group (right hand), 
and A in the Second group, 2 and A in the 

third group and 2 and B in the fourth group. 
Reference to Table II shows that a function hav 
ing a value 72.5 is indicated. This agrees With 
Table I to the first decimal place. The values 
of additional decimal places, of course, may be 
derived by providing the function matrix with 
additional groups of vertical conductors prop 
erly connected to the horizontal conductors of 
this matrix. 

Certain parts of the apparatus of FigS. 1 and 2 
and also those of Fig. 3 may be utilized for pur 
poses other than those heretofore considered. For 
example, they may be utilized to convert from 
biquinary to decimal representation (see Figs. 4 
and 5), to convert from a decimal representa 
tion to a biquinary representation (see Figs. 6 
and 7), to convert from a binary representation 
to a decimal representation (see Fig. 8), or to 
convert, from a decimal representation to a binary 
representation (see Fig. 9). 

It will be noted that Figs. 4 and 5 represent 
parts of a selector matrix similar to that of 
Fig. 3. In this case, the more positive potential 
(-340 W.) and the more negative potential 
(-600 V.) are applied selectively to the grids of 
the input tubes 2-2 as previously indicated 
and potentials representative of the decimal out 
put numbers corresponding to the biquinary input 
numbers are produced at terminals connected 
to the anodes of the tubes 2 as indicated by 
Fig. 5. 

Figures 6 and 7 illustrate parts of a function 
matrix. Whereby decimal numbers are converted 
to the corresponding biquinary numbers. In this 
case, the more negative and more positive poten 
tials are applied to the grids of the tubes 20 and 
the potentials representative of the biquinary 
numbers derived through the output tubes 22 and 
22' are indicated by the lamps 26 and 26. 

* Figures 8 and 9 show miniature matrices suit 

s 

3 

3. 3 

4. 

( 

75 

8 
able for converting binary numbers to corre 
sponding decimal numbers and vice Versa. AS 
pointed out above in connection. With Table III, 
the ten decimal digits may be represented in 
four binary orders. Fig. 8 illustrates an appa 
ratus wherein potentials representative of a 
binary number are applied to the vertical row 
of potentials, and potentials representative of 
the corresponding decimal numbers are derived 
at the horizontal roW of terminals all as pre 
viously described in connection with the preced 
ing figures. Fig. 9 illustrates a similar apparatus 
for converting decimal numbers to correspond 
ing binary numbers. 

It is apparent that the present invention, like 
that of the aforesaid copending application 
Serial No. 508,343, is applicable to the derivation 
Of functionS depending on more than One vari 
able such as F(X1, X2 . . . Xin). As explained 
in that application, all the Systems of potentials 
of the Variables X1, X2, etc., are applied to the 
input terminals of the selector matrix and the 
function corresponding to each set of values of 
the variables is established by proper connections 
between the horizontal and vertical conductors 
of the function matrix. 
The basic features of the present invention are 

an improved apparatus and method of operation 
Whereby (1) a value of a variable expressed in 
the decinal System may be converted to a value 
of a function of the variable expressed in the 
Sane System, (2) a value of a variable expressed 
in the biquinary System may be converted to a 
Value of a function of the variable expressed in 
the Same System, (3) values expressed in the 
decimal System may be converted to values ex 
pressed in the biquinary system or vice versa, and 
(4) values expressed in the decimal system may 
be converted to values expressed in the binary 
System or vice versa. 

I claim as my invention: 
1. The combination of a first set of conductors 

arranged in groups each including a number of 
conductors dependent on the number of digits in 

, a predetermined numerical system, means for 
establishing on selected conductors of said grOupS 
potentials representative of the successive digits 
of a variable expressed in said numerical System, 
a Second Set of conductors, means connected be 
tWeen the conductors of said sets for applying a 
predetermined potential to a different one of the 
conductors of said second set in response to OO 
tentials representative of each different value of 
Said variable, third and fourth sets of conductors, 

5 means interconnecting the conductors of said 
third and fourth sets in accordance with a pre 
determined function of said variable, means 
Coupling the conductors of said second set to 
those of said third set, and means connected to 
the terminals of Said fourth set of conductors for 
deriving potentials representative of different 
Values of a function of said variable in response 
to Shifting of Said predetermined potential from 
One to another of said second set conductors. 

2. The combination of a first set of conductors 
arranged in groups each including a number of 
conductors dependent on the number of digits in 
a predetermined numerical system, means for es 
tablishing on Selected conductors of said groups 
potentials representative of the successive digits 
of a variable expressed in said numerical system, 
a Second Set of conductors, means connected be 
tween the conductors of said sets for applying a 
predetermined potential to a different one of the 
conductors of said second set in response to po 
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tentials representative of Successive values of said 
variabic, third and fourth sets of conductors, a 
plurality of electron discharge elements each 
having a control grid connected to a different 
one of said second set conductors and an anode 
connected to a different One of Said third set 
conductors and to a source of potential through 
a resistor, resistive elements connected between 
the conductors of said third and fourth SetS in 
accordance with a predetermined function of Said 
variable, and means connected to the terminals 
of said fourth set conductors for deriving poten 
tials representative of different values of Said 
function in response to shifting of said prede 
termined potential from one to another of Said 
second set conductors. 

JAN A. RAJCHMAN. 
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