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Matter enclosed in heavy brackets [ I 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 to means for generating a func-
tion of one or more variables wherein the input variables
and the value of the function are represented in the form
of electric potentials. More specifically, this invention
pertains to the case in which said means include a plu-
rality of interpolating resistance means.

In the field of analog computers, for example, it is
frequently required to generate a function of one or more
variables such that the value of the function is obtained
practicaily instantaneously. It is then often convenient
to approximate said function by a piecewise-linear ap-
proximation with the aid of a plurality of diode selecting
means. The simple common configurations implement-
ing such a function generator require approximately one
diode per linear region of the approximation and a great
number of diode means and associated circuits is fre-
quently required to obtain a function with the prescribed
accuracy.

If said function is approximated by a piecewise-linear
approximation, the errors of approximation are particu-
larly pronounced at the transitions from one linear piece
to another, i.e. at the corners or edges of the curve or
surface or hyperface representing said piecewise-linear
approximation. It would thus be advantageous to round
off these corners or edges, and thus to provide an approxi-
mation which is better than the piecewise-linear approxi-
mation.

[It is an object of this invention to provide a simple
novel configuration of such a function generator in which
additional linear regions can be generated, as compared
with the simple common configurations, without the use
of additional diodes.}

[it is therefore an object of this invention to provide a
simple new configuration of a diode function generator
which requires fewer diodes for the generation of a given
piecewise-linear function than the simple configurations
of the prior art.]

It is [yet another] an object of this invention to provide
means for the production of a Epiecewise-linear or a}
non-linear approximation to a concave function.

[Still] Another purpose of this invention is the modi-
fication of a piecewise-linear electronic function genera-
tor [with interpolating resistors] into a non-linear func-
tion generator with the aid of non-linear resistors.

Other objects and advantages of the invention will
become apparent from the following description, taken
in conjunction with the accompanying drawings, in which

FIGURE 1 is a schematic diagram of a conventional
diode function generator for the production of concave
functions;

FIGURE 2 is a plot of the output of the circuit of
FIGURE 1;

FIGURE 3 is a schematic diagram of a conventional
diode function generator for the production of convex
functions; ’

FIGURE 4 is a plot of the output of the circuit of
FIGURE 3; .

FIGURE 5 is a schematic diagram of one embodiment
of a function generator of this invention, incorporating
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interpolating resistors, for the production of concave
functions;

FIGURE 6 is a schematic diagram of one embodiment
of a function generator of this invention, incorporating
interpolating resistors, for the production of convex func-
tions;

FIGURE 7 illustrates the replacement of current sources
by voltage sources and resistors;

FIGURE 8 is a plot of input and output signals of a
one dimensional embodiment of a function generator of
this invention for concave functions;

FIGURE 9 is one example of a transistor embodiment
of a function generator of this invention for the produc-
tion of concave functions;

FIGURE 10 is one example of a transistor embodiment
of a function generator of this invention for the produc-
tion of convex functions;

FIGURE 11 is a schematic diagram of one embodiment
of a circuit of this invention incorporating diode drift
compensation;

FIGURE 12 is a plot of output signal versus x, for
one embodiment of a function generator of this inven-
tion embodying non-linear interpolating means, in which
the input signals are linear functions of x;

FIGURE 13 illustrates the first approximation of a
half wave sine function by three straight lines;

FIGURE 1 represents a conventional diode selection
circnit selecting as output signal the largest of its input
signals, three input signals being provided in this example.
1, 2, 3 are the input terminals which are connected to
the anodes of diodes D;, D,, D3, respectively, with com-
mon output terminal 4. Current is withdrawn from
4 by current generator 5. As only one diode can conduct
at a time, the output voltage at terminal 4 is equal to
the input voltage at the input terminal of the conducting
diode. If, for example, the three input signals are linearly
dependent upon a parameter x, the plot of input voltages
versus x is represented by three straight lines 1, 2, 3,
respectively, corresponding to the three inputs, as shown
in FIGURE 2. Output signal e, at 4 is therefore repre-
sented by the concave curve which is drawn in solid lines in
FIGURE 2.

Similarly, FIGURE 3 is a schematic diagram of a
function generator for convex functions. 6, 7, 8 are
the input terminals to which the cathodes of diodes D,
D+, Dy, respectively, are connected. These diodes have
a common connection at output terminal 9 into which
current i is injected by current generator 10. Only one
diode can conduct at a time and output signal e, at ter-
minal 9 is equal to the smaller of the input signals.

FIGURE 4 is a plot of output signal versus a parameter
x, for the case in which all three input signals are linear
functions of x. The circuit of FIGURE 3 is seen to be
suitable for the generation of convex functions.

In general, if the input signals in the circuits of FIG-
URES 1 and 3 are linear functions of one or more vari-
ables, the output signal will consist of a piecewise linear
function of these variables and the number of the linear
pieces of the output signal will not exceed the number
of diodes used in the circuit.

It is well-known how functions that are not wholly
concave or wholly convex can be generated by combina-
tions of circuits such as those corresponding to FIGURES
1 and 3. Moreover, the inputs may be non-linear func-
tions of some parameters. In any case, the output sig-
nal of a function generator embodying these circuits will
be equal to one of the input signals, selection being
switched from one input signal to another according to
the values of these signals and according to the config-
uration used. These considerations neglect possible off-
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set voltages due to such causes as diode voltage drops,
such offset voltages being readily compensated for.

This invention provides resistance means in series with
the input selecting diode means in a circuit for the gen-
eration of a function, such that, in addition to the states
of the circuit in which only one diode conducts, the cir-
cuit may be in states in which two or more diodes con-
duct simultaneously. Said resistance means will be called
interpolating resistors.

One embodiment of a function generator of this inven-
tion will be described in connection with FIGURE 5
in which 1, 2, 3, are the input terminals which receive
the input signals in the form of potentials. Resistance
means ry, I's, I3 are connected to terminals 1, 2, 3, and to
the anodes of diodes Dy, Dy, Dj, respectively. These
diodes have a common connection at output terminal 4
from which current i is withdrawn by current generator 5.
This embodiment is identical to the embodiment of the
prior art according to FIGURE 1, except for the added
interpolating resistance means ry, ry, and ry.

Denoting input potentials at 1, 2, 3 by ey, €;9, €3, Te-
spectively, and the output potential at 4 by e,, we have
when only D; conducts:

(1) e,=ey—Iir;

when D; and D, conduct simultaneously:

{2) N ¢ I T o nhry
(0_1'1 41y (4”+T1 “+ra Ciz r -+
when only D, conducts:
(3) eo—_—.em—irg
and similarly for other states of this embodiment. Diocde
D, conducts if and only if
4 eo<ley
diode D, conducts if and only if
(5) ec<ef2

and similarly for Dy, Similar conditions hold in those
cases in which more than two diodes conduct simulta-
neously. :

Fer given input signals it is thus possible to determine
which diodes conduct and to determine the output po-
tential e,.  When only one diode conducts, e, is a linear
function of its input potential, as follows from (1).
When two diodes conduct simultaneously, e, is a linear
combination of the input signals of the conducting diodes,
as follows from (2).

FIGURE 6 is one example of an embodiment of a cir-
cuit of this invention for the production of a concave func-
tion. In FIGURE 6, terminals 6, 7, 8, rg, 1o, 1, Dg, Dy,
D3, 9, 10 correspond respectively 1o 1, 2, 3, ry, 1y, 13, Dy,
D;. Dy, 4, 5, of FIGURE 5, the only difference being the
reversal of the diodes and of the direction of current i.

The current source of embodiments such as that of
FIGURE 3, is replaced in FIGURE 7 by a constant volt-
age source, at 11. and a resistor 12 of resistance R. Pro-
vided R is large with respect to interpolating resistors such
as ry, Iy, and provided the modulus of the potential at 11
is large with respect to the modulus of the input potentials,
Equations 1, 2, 3 apply approximately with

(6) i=—V/R

where V is the constant potential at 11.
in the example of FIGURE 7.

In general it is required fhat V be smaller than the
smailest input potential. The accurate relations corre-
sponding to FIGURE 7, replacing Equations 1, 2, and 3,
are as follows:

When only Dy conducts:

V is negative

(V) &G
TG TG

v
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When Dy and Dy conduct simultaneously:
(s)
21 |28
(\'—21 gt G l”+2| gl G ‘

and when only D, conducts:

(9) Y U ¢
(”_gg’}’(}(lz :.J,:FUV

where

(10) g=1/r; g=1/ry; G=1/R

I shall now describe one embodiment of a function
generator of this invention producing a piecewise-linear
function and using configurations such as those of FIG-
URES 5, 6, or 7. As an example, the configuration of
FIGURE 7 is chosen, and Y assume that R, V are such
that Equations 1 through 6 may be used. The plot of
input and output potentials in FIGURE 8 pertains to this
case. Let x be a potential, which will be called the inde-
pendent variable. e; and ¢j;, the input potentials, are
linear functions of x in this case, and thus represented by
straight lines in FIGURE 8. Starting with small x, out-
put voltage ¢, at 4 of FIGURE 7, is given by line 1 in
FIGURE 8, which is parallel to e, and ir; volts below it.
Up to point A’ only D; conducts. At A’, e,=e;,, and
D, begins to conduct. For large x, only Dy conducts
and e, is given by line 2 which is parallel to e; and ir,
volts below it. At B’, ej;=e, and thus to the left of B’,
D; conducts, and to the right of B’ it does not conduct.
Between A" and B’ both Dy and D, conduct, and as Equa-
tion 2 shows that e, must be a linear function of x in this
case as well, provided all resistances are constant, which
will now be assumed, the straight line A’B’ represents €,
in this region. Increasing x from small values, ¢, is seen
to move along 1, A’'B’, 2, corresponding to the conduction
of one, of two and of one diodes, respectively. A’B’ will
be called an interpolated segment of e,. In this case e,
is composed of 3 straight lines whereas without interpolat-
ing resistors ry, 15, it would consist of only two straight
lines.

In general, with more than two diodes, a piecewise-
linear one dimensional function generator for wholly con-
vex or wholly concave functions using the above embodi-
ments of this invention is characterized by a plurality of
linear input signals and by the alternate conduction of one
and two diodes, as the independent variable changes
monotonically. A total of n diodes then produces an out-
put signal composed of 2n—1 straight segments,

Functions that are not wholly convex or wholly concave
can be produced by well-known methods in combinations
of circuits corresponding to FIGURES 1 and 3. Similar
methods apply to the circuits of this invention, and the
implementation of these in connection with this invention
will be quite clear from the above description.

A detailed example using this invention for the case of
a function of two variables is described in my invention
in “Electronic Multiplier and Function Generator,” filing
date at U.S. Patent Office, March 24, 1959, Serial No.
801,468,

For example in order to produce a concave function
of the two variables x and y having three linear regions,
the configuration of FIGURE 7 may be used in which
the input signals at 1 and 2 are

en=a; X +byy+c
and
ap=ay X +byy+cy
respectively, where a;, by, ¢y, 2,5, by and ¢, are suitable
constant voltages. Output voltage e, is then given by
{7), (8) and (9) for the three resulting linear domains,
respectively. A linear domain of e, is here defined as
the domain of x and y in which e, is a linear function
of xand y. The use of this invention for more than two
variables will be quite clear from the ubove description.
While the diode means used in the above examples,
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of embodiments of this invention are diodes, this is to
be understood by way of illustration only. In particular,
suitably connected transistors may be used as diode means,
as will be described in-the following examples of embodi-
ments of this invention, in connection with FIGURES 9
and 10 in which FIGURE 9 corresponds to the diode em-
bodiment of FIGURE 6 {with only two input terminals),
and FIGURE 10 corresponds to the diode embodiment of
FIGURE 7. 1In the example of FIGURE 9 the base con-
nection of PNP transistors Tg, T7 is fed from input ter-
minals 6 and 7 via base resistors rys and ry,; in parallel
with capacitors Cg and Cq, respectively, 12 and 13 are
the respective collector terminals of Tg and Ty which are
held at suitable constant potentials. The emitters of Ty
and T, are joined to resistors rg and Ty with common
connection at output terminal 9. 9 is connected through
resistance means Tt to a constant positive potential V at
terminal 11. The base connection of the transistors is
one example of a standard input circuit into the base of
[:] transistors in the so-called “common coilector” con-
nection which is used in the circuit of FIGURE 6. 74
and T are the interpolation resistors, V and R corre-
spond to the current source of FIGURE 6. Similarly,
the embodiment of FIGURE 10, using NPN transistors
T, and Ty, corresponds to FIGURE 7; T, Ts, R and the
negative potential V at terminal 14 corresponding re-
spectively to 1y, Iy, R and V of FIGURE 7. 15 and 16
are the collector terminals of Ty, T, respectively.

These transistor embodiments of this invention have
the additional advantage of providing high input imped-
- ance at their input ferminais.

In the aforementioned embodiments of this invention
the actual potentials at the output terminal of the func-
tion generator are not exactly equal to the results pre-
dicted by the formulas derived above, because of the volt-
age drops of the diode means, when conducting. The
offset voltages of the output potentials caused by these
voltage drops are readily compensated for by adding suit-
able constant voltages to the input or to the output po-
tentials of the function generator.

One method of compensating the drift due to changes
in diode voltage drops during conduction will be described
in connection with FIGURE 11. TFIGURE 11 corre-
sponds to the embodiment of FIGURE 5 (with only two
input circuits). Current generator 5 is replaced by cur-
rent generator 17 withdrawing current i--i" from terminal
4. Terminal 4 is connected to the cathode of diode Dy,
whose anode is connected to output terminal 19 which is
fed by current generator 18 with current i’. Diode Dy
therefore always conducts. For example, with equal
types of diodes D;, D, and Dy, the choice i'==1 yields
complete drift compensation when only one of the input
diodes conducts and partial compensation when both
diodes conduct, because the signal path from any input
terminal to output terminal 19 now traverscs one diode
in the forward and one in the backward direction. A
value of I’ somewhat smaller than i yields best average
compensation. For example, if ri=r, 1'=0.75i is a
suitable value for good drift compensation.

Embodiments of the method of drift compensation in
connection with other embodiments of this invention will
be quite clear from the above description.

In the above embodiments of this invention it was as-
sumed that said interpolating resistors: have constant
resistance. In general said resistors may be non-linzar.
Thus in general ry is a function of iy,

rm=Tm(in); m=1, 2, . ..

where iy is the current flowing through r,. More spe-
cifically it will be assumed in this invention that ry is
either constant or a monotonically decreasing function
of iy, in the range of values of iy, in which said resistor
is used.

FIGURE 12 is a plot of input and output potentials
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of one embodiment of this invention corresponding to
FIGURE 6. Input potentials ey, €17 and e;g are linear
functions of a parameter x in this example, as shown by
the straight dashed lines in FIGURE 12. Using linear
interpolating resistors rg, r; and rg, the output potentiul
e, is given by the curve of segments ABEFGIK as fol-
lows from the above description, where ABC, respectively
CFG, are parallel to ey ey and irg, irq volts higher, and
BEF, GIK are the interpolated segments.

Using now non-linear resistors for ry, in the embodi-
ment of FIGURE 6, such that their resistance for i==ip
is equal to ry,

Im=Tm(i); m=1, 2, . ..

the output potential e, at 9 will not be altered in those
domains which are produced by states of said embadi-
ment in which only one diode conducts at a time, ie. e,
will follow AB, FG, FIGURE 12, as before. The Finter-
ploated] interpolated segments, however, will be altered.
Thus BEF is replaced by the curved line BDF which lies
above it, because in this region Dg and Dy conduct simul-
taneously and thus current i is divided between the paths
through r¢ and ry, and the currents through these two
resistors, ig and i;, respectively, are each smaller than i
rg(ig) and rq(ig) are therefore larger than rg and r;, re-
spectively, in this region, and the voltage drops along
these resistors are therefore larger than they would have
been with said nonlinear resistors replaced by rg and rq,
respectively. e, therefore follows curve BDF, FIGURE
12, rather than BEF. The amount of curvature of BDF
above BEF depends upon the non-linear characteristics of
interpolating resistances tg(ig) and ry(iz). If 15(0)=-e0,
BDF is tangential to ABC at B; similarly if r;(0)=c0,
FDB is tangential to GFC at F—provided rg, 1 are con-
tinuwous functions of ig iy, respectively.

If no straight segments are required in the produced
function of the function generator of this invention, the
inputs can be so chosen that the straight sections of the
output curve disappear. For example, referring to FIG-
URE 12, for FG to disappear, F and G must coincide,
which can be achieved by replacing ey by e'y3, which is
represented by a parallel line to e;g which passes through
F. 13 must now be sufficiently increased so that e, passes
through K, as required by the function to be generated.

ABDFGHK, corresponding to the circuit of FIGURE
6, is a convex function. The circuit of FIGURE 5
similarly produces concave functions.

It is well known how functions that are neither wholly
concave nor wholly convex can be produced by combina-
tions of circuits producing respectively convex and con-
cave functions. From the above description it will be
quite clear how this invention applies to such cases.

As a specific example for the embodiment of FIG-
URE 6 I consider a generator for a sinusoidal function,
sin x, in the range 0 . . . m, where x is the [independent]
independent variable, FIGURE 13 is a plot of sin x
versus X, A first approximation to this curve is given
by lines 1, 2, 3 which are the tangents to sin x at x=0,
/2, =, respectively. An embodiment of this invention
with three input terminals 6, 7, 8, will be given as an
example. Without inierpolating resistors, e, can be
made to correspond to the convex piecewise-linear curve
produced by lines 1, 2, 3, using a configuration corre-
sponding to FIGURE 6 with the resistors shortened.
Using suitable constant interpolating resistors, according
to this invention, FIGURE 6 corresponds to a configura-
tion which can approximate said function by five straight
lines, i.e. by two additional straight lines. This invention
further improves the approximation as described, using
non-linear resistances rg, rq, and rg. In this example
parallel combinations of thyrite resistors and linear (ie.
constant) resistors are used for re, r; and rg. Such a
parallel combination is particularly convenient in order
to obtain the required values for said interpolating re-
sistances when traversed by current i. Having chosen a
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suitable non-linear re-resistance, the parallel constant
resistance is adjusted so as to obtain the required re-
sistance of said parallel combination when traversed by
i, Said adjustment is usually required for each such par-
allel combination because of the comparatively large de-
viation from the average of thyrite resistors of the same
type. The following values are used in one example:

i=1 milliampere
eig=2y—34.5 volts
epp=17.8 volts
eg=——2y-+165.5 volis

where y=100x/7, and y=0 , . . 100 volts.

rg and rg are each a parallel combination of a thy-
rite. VDR (voltage dependent resistor), type Philips
E299DD/P216 in parallel with a linear resistor of 12.5
kilo-ohms, approximately; r; is a parallel combination of
a thyrite VDR, type Philips E299DD/P218 in paraliel
with a linear resistor of 23.5 kilo-ohms, approximately.

The following oulput voltage is obtained:

€,="03.3 sin (7ry/100)=63.3 sin x

The characteristics of said VDR resistors are as fol-
lows:

E=Cji?

where E is in volts and i in amperes; where C=25 and
$=0.21-0.30 for E299DD/P216; and C=32 and 8=0.21-
0.30 for E299DD/P218.

Input voltages Lejgdes; and Leyrde; may be limited
to 70 volts, approximately, in this example. The diodes
are silicon junction diodes, and the above input voltages
to the function generatar are corrected for the offset volt-
age of 0.6 volt, approximately, of said diodes.

The diodes used in embodiments of this invention such
as those corresponding to FIGURES S, 6 and 7, for ex-
ample, may be omitted if only the range of variables
corresponding to a segment such as BDF, FIGURE 12,
is to be produced in the function generator. The func-
tion generator has only two input terminals in this case,
such as 1 and 2, FIGURES 5 and 7, and said diodes are
not required because in said range both r; and ry always
conduct some current. Such an embodiment of this
invention, using no diodes, may be operated even beyond
the segment BDF. Output voltage e, will then follow
a curve which lies above BA for values of x smaller
than its value at B, and above FG for values of x larger
than its value at F. When such an output character-
istic is required this modification of the invention may
be applied to advantage.

Similarly, in a function generator of configurations
corresponding to FIGURE 5 and having 3 input terminals
1. 2 and 3, it is sometimes [possibed possible to omit
diode D, if in all the required states of said function gen-
erator rp must conduct some current. Equivalent rela-
tions and modifications apply to embodiments of this in-
vention corresponding to FIGURE 6.

Although this invention has been described and illus-
irated in detail it is to be clearly understood that the
same is by way of illustration and example only and is
not to be taken by way of limitation, the scope of this
invention being limited only by the terms of the appended
claims,

What is claimed is:

1. A function generator for generating a function of
one or more variables, including a plurality of input means
for accepting a plurality of input signals that represent
suitable functions of said variables; a plurality of diode
means and a plurality of suitable interpolating non-linear
resistance means each for connecting a respective one
of said input means to an associated diode means; said
plural diode means having a common output connection
for producing at said output connection a signal repre-
senting a suitable function for the instantaneous values
of said variables; constant current means connected to
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said common output connection for withdrawing current
from at least one of said interpolating resistance means;
each of said interpolating resistance means having resis-
tive values to cause at least two of said diode means to
conduct simultaneously; said constant current means be-
ing adapted to withdraw all of the current flowing in
any of said diode means at any given instant causing said
non-linear resistive means to operate in a substantially
linear manner when only one of said diode means is con-
ducting at any given instant and to cause said non-
linear resistance means to operate in a non-linear man-
ner when two of said diode means are conducting simul-
taneously.

2. A function generator for generating a [piccewise-
linear] function of one or more variables including a
plurality of input means for accepting a plurality of input
signals which represent suitable linear functions of said
variables; a plurality of suitable non-linear interpolat-
ing resistance means responsive to said signaly and
a plurality of diode means connected to suid resistance
means [with] having a common output connection for
producing from said input signals at said output connec-
tion an output signal corresponding to the instantanecus
values of said variables, such that said output signal is
composed of a plurality of /isear domains in each of
which it is a substantially linear function of said variables,
fone domaind each of said linear domains being pro-
duced through the conduction of only one of said diode
means [additional domains being] and at least one non-
linear domain wherein said output signal is a non-linear
function of said variables produced through simultaneous
conduction of two or more of said diode means, Lcon-
stantJ current means connected 1o said common connec-
tion for Ewithdrawingd supplying current Lfrom] there-
to the magnitude whereof is substantially independent
of the potential of said common connection; [from at
least one of said interpolating resistance means] said
Lconstant] current means being adapted to supply [with-
draw] all of the current flowing through said common
conniection into Eind any of said diode means at any
given instant causing said non-linear resistance means to
operate in a substantially linear manner when only one
[branch] of said diode means is conducting at any given
instant and [to causel cawsing said non-linear resist-
ance means to operate in a non-linear manner when two
of said diode means are conducting simultaneously.

3. The device as recited in claim 1 in which said current
means [for injection or withdrawal of current} com-
prises resistance means connecting said common connec-
tion to constant potential means.

4. The device as recited in claim 1, including additional
diode means connected to said common connection for
the compensation of diode drift.

5. A function generator for generating a function of
one or more variables, including a plurality of input means
for accepting a plurality of input signals that represent
suitable functions of said variables and a plurality of
suitable non-linear interpolating resistance means, a plu-
rality of unilateral conducting means connected to said
resistance means having a common output connection,
for producing at said common output connection a signal
representing a suitable function for the instantaneous
values of said variables, constant current means con-
necled to said common output connection for withdrawing
current from at least one of said interpolating resistance
means; said unilateral conducting means comprising tran-
sistor means in common collector connection, said inter-
polating resistance means being connected between the
emitters of said transistor means and said common out-
put connection, the base electrodes of said transistors
being adapted to receive said [linear} input signals.

6. A function generator for generating a function of
one or more variables, including a plurality of input
means for accepting a plurality of input signels that rep-
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resent suitable functions of said variables; first and sec-
ond non-linear interpolating resistance means having a
common output connection connected to respective ones
of said input means for producing at said common con-
nection a signal representing said function; current means
connected to said common connection for supplying a
current thereto, the magnitude of said current being sub-
stantially independent of the potential of said common
connection, soid current means being adapted to supply
all of the current flowing through said common connec-
tion into said resistance means at any given instant to
cause said resistance means to be simultaneously sup-
plied with current through said common connection for
suitable values of said variables.

7. The device as recited in claim 6 wherein one of said
functions is a constant, including constant potential means
the input means associated with said constant function
being connected thereto.

8. A function generator for generating a function of
one or more variables, including a plurality of input means
for accepting a plurality of input signals that are suitable
functions of said variables; a plurality of conductive
branches having a common output connection each con-
nected to a respective one of said input means wherein
each branch includes non-linear interpolating resistance
means, at least one of said branches includes diode
means, current means connected to said common con-
nection for suppiying a current thereto, the magnitude of
said current being substantially independent of the poten-
tial of said common connection, said current means be-
ing adapted to supply all of the current flowing through
said common connection into said resistance means af
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any given instant to cause at least two of said resistance
means to be simultaneously supplied with current through
said common connection for suitable values of said vari-
ables.

9. The device as recited in claim 8 wherein one of said
functions is constant, including constant potential means
the input means associated with said constant function be-
ing connected thereto.

10. The device as recited in claim 8 wherein each of
said branches is composed of a series connected combina-
tion of a respective one of said non-linear resistance means
and diode means.

11. The device as recited in claim 10 wherein one of
said functions is constant, including constant potential
means the input means associated with said constant func-
tion being connected thereto.

References Cited by the Examiner

The following references, cited by the Examiner, are
of record in the patented file of this patent or the original
patent.

Galli: How Diodes Generate Functions, Control Engi-
neering, March 1959, pages 109-113.

Ritchie et al: The Design of Biased Diode Function
Generators, Electronic Engineering, June 1959, pages
347-351.

Kovach et al: Nonlinear Transfer Functions with
Thyrite, LR.E. Trans. on Electronic Computers, June
1958, pp. 91-96.

MALCOLM A. MORRISON, Primary Examiner.
A. J. SARLI, Assistant Examiner.



