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This invention relates to voltage accumulator circuits
for accumulating a voltage representing the sum of suc-
cessively received input voltages, and more particularly
relates to such a circuit whose output voltage is substan-
tially independent of the time interval during which the
successive input voltages are applied, and substantially
independent of the characteristics of the circnit com-
ponents uvsed.

Voltage accumulator circuits of the type of this inven-
tion are useful in analog computors, for example, for con-
tinuously presenting the accumulated sum of a sequen-
tially sampled voltage, or voltages, wherein the input
voltage, or voltages, may be of different magnitude and
polarity on successive sampling periods. Circuits for
performing this function are well-known, an example of a
commonly employed type being described in U.S. Patent
2,789,761, These circuits employ a direct-coupled D.Cy,
high-gain amplifier with a negative feedback loop com-
prised of a capacitor coupled between the output and input
of the amplifier. This type of an arrangement is com-
monly called an operational amplifier, and a number of
variations of this circuit are known. Because of the inte-
grating operation performed by these known circuits, the
output voltage is dependent upon the time interval during
which each successive input voltage is applied to the input
of the amplifier, and upon the characteristics of the com-
ponents forming the integrating circuit. The obvious dis-
advantage of this type of integrating summation circuit
is that close control is required in the time of application
of the sampled voltages to the input of the amplifier, and
of the values of the circuit components.

It therefore is an object of this invention to overcome
the above-described disadvantages of known voltage
accumulator circuits.

A further object of this invention is to provide a circuit
for accumulating the sum of successively applied volt-
ages, wherein the operation of the circuit is substantially
independent of the time duration during which the input
voltages are applied.

Another object of this invention is to provide a non-
integrating voltage accumulator circuit.

These and other objects of the invention, which will
become more apparent from the description and claims
below, are achieved by providing a high-gain, direct-
coupled amplifier having first and second capacitors
coupled to its output and providing means for alternately
connecting said capacitors to the input of said amplifier
during successive switching intervals, and for alternately
connecting said capacitors to an input terminal receiving
successively sampled voltages, for example, during alter-
nate successively switching intervals. In this manner,
during a first switching interval the first ome of said
capacitors is being charged by a voltage coupled from
said input terminal and thé second of said capacitors is
connected in a feedback loop from the output to the input
of said amplifier, The first, or charging capacitor is
charging to a potential substantially equal to the difference
between the sampled input voltage and the output voli-
age of said amplifier. During the next succeeding switch-
ing interval the circuit connection and performance of
the two capacitors is interchanged so that the input to the
amplifier now is the voltage across the previous charging
capacitor and the present output of the amplifier is equal
to the negative of the previous voltage on this capacitor.
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The capacitor which now is connected to the input ter-
minal is charged to a potential equal to the difference
between the present sampled input voltage and the present
output of the amplifier. During successive switching in-
tervals the circuit continues to operate in this manner
so that the capacitor connected to the input circuit always
charges to a potential equal to the difference between the
present sampled input voltage and the present output of
the amplifier, i.e. the summation of the present input and
all previously received inputs, and upon the occurrence of
the next switching interval this potential is applied to the
input of the amplifier.

As distinguished from the prior art integrating accumu-
lator circuits described above, the accumulator circuit of
this invention does not perform an integrating function
and its output is not dependent upon the time duration
during which signals are applied to the input of the ampli-
fler. The operation of the accumulator circuit of this
invention can be considered analogous to a sitnation
wherein batteries of different voltages are applied to the
amplifier during each successive switching interval; the
veltage of a battery being equal to the voltage on the
capacitor in the feedback loop, i.e., the summation of all
previous successively received input voltages.

The present invention will be explained by referring to
the accompanying drawings wherein:

FIG. 1 is a simplified schematic. diagram partially in
block form, illustrating the voltage accumulator circuit
of this invention, and;

FIG. 2 is an alternative embodiment of the present
invention illustrating a different arrangement of sampled
voltage sources.

Referring now more particularly to FIG. 1, the voltage
accumulator circuit of this invention is comprised of a
high-gain D.C. amplifier 11 whose input terminal 12 is
coupled to the armature of single-pole double-throw
switch s;, and whose output is coupled to output terminal
13. Capacitors ¢y and ¢, each have one terminal coupled
to the output of amplifier 11, and the other terminals of
said capacitors are coupled respectively to contact I and
IX of switch ;. Input voltages, which may be successively .
sampled voltages ey, ey, and e; from a voltage source 14,
are coupled to the armature of single-pole double-throw
switch s,.  Switches s, and s, operate in synchronism by
means of a mechanical linkage 15 and an actuating wind-
ing 16 which in turn may operate in synchronism with
the sampling of the input voltage source 14. That is, each
successive sampled voltage will be coupled to alternate
contacts of switch s,. ' )

When switches s; and s, are closed on their I contacts,
a sample voltage from source 14 is coupled only to capaci-
tor ¢y, and capacitor ¢; is coupled in a feedback loop be-
tween the output and the input of amplifier 11. When
switches s, and s, are closed on their II contacts, the con-
nections of capacitors ¢; and ¢y are interchanged so that -
capacitor ¢; now is coupled to receive a sampled voltage
from source 14 and capacitor ¢y is coupled in the feed-
back loop between the output and the input of D.C.
amplifier 11.

The operation of high gain D.C. amplifier 11 with a
capacitor in its feedback loop may be explained -as
follows: :

The voltage on the input terminal of the amplifier, the
grid of a vacuum tube for example, is

ein=—vc<a}rl> (1)

where Ve is the voltage stored in the capacitor in the feed-
back loop, and “a” is the gain of the amplifier. The volt-
age on the output terminal of the amplifier is

wre(z2)

(2)
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Because the gain “e” is very large, the term within the
parentheses in Equation 1 will be very small, indicating
that the voltage ey, on the grid of the amplifier will re-

main substantially at ground potential. irrespective of the

voltage stored in the capacitor. Referring to Equation 2
it will be seen that because
within, the parentheses will have a value substantially
equal to one. This indicates that the output voltage of
the amplifier is substantially equal to the voltage Ve stored
in the capacitor, in the feedback loop.

In the operation of the voltage accumulator circuit

of FIG, 1, it. will be assumed that voltage source 14 will

produce successively occurring sampled voltage ey, ez €3,

etc., wherein each of these voltages is at a fixed level
throughout its respective switching interval. Voltage
source 14 may, for example, be a roiary switch whose
plurality of contacts are coupled to various sampling
points in. a circuit. It further will be assumed that the
capacitors ¢; and cy. initially are. completely, discharged.

During, the. first switching interval switches- s; and. sy are.
closed on, their I contacts and: the sampled. voltage ey is-

coupled. from. source. 14 through switch. s, and charges
capacitor cy.. Because capacitor ¢.is.in the. feedback: loop
between the output. and input of D.C. amplifier 11. and
is. not. charged;, there is. no input voltage applied to

amplifier. 11.. Consequently, the output voltage therefrom.

is zero. Capacitor. c, therefore charges to the potential ).
On the. next succeeding. switching interval switches s, and

5o are closed on their II' contacts.and .a sampled voltage ep

is.coupled. through switch. s,. to one terminal of: capacitor
¢y Capacitor ¢y, now is, coupled: through switch. s;. to.the
input of D.C. amplifier 11, and the ocutput. of said
amplifier is. substantially. equal to —e;. The potential

difference across capacitor c;, now is. the. difference be- -

tween the potentials on its respective terminals, that. is,
eg. —(=—€3);,0r (e3t-21). - On the next.swiiching interval,

switches s;. and. 5,; closed, on their 1 contacis and the

sampled: voltage ¢;.is coupled: throngh. switch. s, to. one

terminal. of capacitor. c;. The potential. on, capacitor ¢,
(eg+e1), now. is applied to. D.C. amplifier 11, and its =

output voltage becomes. {—ep—e;). The potential across
capacitor: ¢, is the. difference between the. potential.on its
two. terminals. e;— (—ey—ey),, or (e3-+eate).

It. thus. may. be, seen that on,each; successive switching:
interval. the capacitor. coupled to voltage source: 14.
charges to. a potential: equal to, the sum.of the: presently.

sampled voltage and the accumulated sum «of the previous-

ly sampled. voltage, and. that this accumulated. voltage is.
applied. to. the. D.C. amplifier 11. on the next. succeeding

interval so that the output of said amplifier is.the, negative
of, this. accumulated. voltage:

It will bé obvious to those skilled. in. the art that
different. switching arrangements. may be. provided for
accomplishing the same resulfs as just described. Addi-

tionally, the voltage. accumulator. circuit. of FIG. 1 will.

operate in an identical manner with different arrangements
of input voltages applied thereto. In FIG. 2 for example,

two. different voltage sources 14’ and. 14" are provided.

and.are alternately connected to their respective capacitors
¢;. and ¢, on successive: switching intervals through the
respective switches sy and 5., Comparing FIGS. 1 and 2
it will be seen that contact 1 of swifch s; and contact II
of switch s, correspond. to-contacts 1. and II of switch sp

FIG. 1, so-that the only difference. in the two, circuits is.

that in FIG. 2 each capacitor is connected to a respective
voltage source on alternate switching intervals rather
than the two capacitors: alternating. between the. same
voltage source 14 as in FIG. 1.

It should be understood that ih both the illustrated

embodiments the voltage sources 14, 14’ and 14" may be.
substantially any. type. of voltage source and need.not be.

stepping switches as. assumed. in the discussion,, The
voltages may be continuously. changing, discretely chang-
ing; or steady state voltages, and.they may be from a

“a” is_very large the term
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single source or from a plurality of sources. It also is to
be understood that the input voltages in the circuits
illustrated may be comprised of both positive and negative
voltages, and the changes, if any, between successively
sampled voltages may be either increasing or decreasing.

While the invention has been described in its preferred
embodiments, it is to be understood that the words which
have been used are words of description rather than
limitation and that changes within the purview of the
appended claims may be made without departing from the
true scope and spirit of the invention in its broader
aspects.

What is claimed is:

1. A voltage accumulator circuit comprising a high-
gain direct-coupled amplifier, first and second capacitors
each having one terminal thereof directly connected to
the output of said amplifier, switching means for coupling
the input of said amplifier to alternate ones of the other
terminals of said capacitors on successive switching in-
tervals, and means operable on alternate ones of said
capacitors during successive switching intervals for charg-
ing the respective capacitor to a voltage substantially pro-
portional to the sum of previously sampled voltages and.
a presently sampled voltage coupled to the other terminal’
of the respective capacitor, said capacitors being respec-
tively charged and coupled to the input of said amplifier
on alternate successive switching intervals,

2. A.voltage accumulating circuit comprising a high-
gain direct-coupled amplifier, first and second capacitors
each having one terminal directly coupled to the ouiput
of said amplifier, a first switching means for alternately
connecting the other terminal of the first one of said
capacitors between the input of said amplifier and an
input terminal, and a second switching means for alter-
nately connecting the other terminal of the second one
of said capacitors between. the input of said amplifier
and’ an_input terminal, said two switching means op-
erating in_ synchironism and alternately connecting said
two capacitors to the input. of said. amplifier.

3. An analog accumulator, circuit comprising a_high-
gain difect:coupled amplifier, first and second. capacitors
each having one terminal thereof directly connected to
the output of said amplifier; means. for alternately cou-
pling the other terminal of the first-one. of said capacitors.
between the input of said amplifier and a sampled volt-
age during successive switching intervals, means. for
alternately coupling the other terminal of the second
one. of said capacitors between. the input. terminal of
said amplifier and a. sampled voltage. during successive
switching intervals, alternate ones of said capacitors
being coupled to the input.of said. amplifier on successive
switching intervals.

4. A voltage accumulating circuit- comprising a high-
gain_direct-coupled. amplifier, first- and second capacitors
each having one terminal thereof directly coupled to the
output. of said amplifier, switching means for. alternately
coupling the other terminal of the: first of said capacitors
between a charging voltage and the input of said ampli-
fier. and for alternately coupling the other terminal of
said second: capacitor between a charging voltage and
the input of said amplifier, said switching means operat-
ing to switch said capacitors in synchronism and to
alternately connect: said capacitors: to. the input of said
amplifier.

5. A voltage accumulating- circuit comprising a high-
gain direct-coupled amplifier, first and second capacitors
each having one side directly coupled to the output of
said amplifier, switching' means for alternately connect-
ing the other side of the first one of said capacitors be-
tween an input terminal and the input of said amplifier
and for alternately connecting the other side of the sec-
ond one of said capacitors between said input terminal
and the input of said amplifier, said switching means
operating to switch said. capacitors_in.synchronism._and
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to alternately connect said two capacitors to said input
terminal.

6. An analog accumulator circuit comprising a high-
gain direct-coupled amplifier, first and second capacitors
each having one terminal thereof directly connected to
the output of said amplifier, switching means for alter-
nately connecting the other terminal of the first of said
capacitors to the input of said amplifier and to an input
terminal during successive switching periods and for
alternately connecting the other terminal of said second
capacitor to the input of said amplifier and to said input
terminal on alternate successive switching periods.

7. A voltage accumulator circuit comprising a high-
gain direct-coupled amplifier, first and second capacitors
each having one terminal thereof directly connected to
the output of said amplifier, and switching means for
alternately connecting the other terminals of said ca-
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pacitors to the input of said amplifier during successive
switching intervals and for connecting the other termi-
nals of said capacitors to respective voltage sources dur-
ing alternate switching intervals, the other terminal of
the first one of said capacitors being alternately con-
nected between the input to said amplifier and the first
one of said voltage sources during successive switching
intervals.
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