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This is, in effect, a guest editorial from George A. Philbrick, who
still is greatly attached to analog instruments, and whose name has been
among those most closely associated with Operational Amplifiers over
the years.

It is intended to be, and the subject certainly deserves, a cohesive
treatment of the Nature and Applications of such Amplifiers: in a serial
form thus begun.

Collaborative effort, including counter-opinion from more or-
thodox critics, will not be unwelcome. This might even lead, ultimately,
to replacement(s) for the above writer, in case under the burden of
unburdening, or from other causes, he does not survive.

In any case, subsequent texts of the proposed series will appear
when they are ready.

Comments or contributions should be addressed to Editor,
Lightning Empiricist, care of the Company.

On Operational Amplifiers

Part I: THE LOCAL LOOP IN THE GENERAL CASE
George A. Philbrick

Expository approaches from several directions will be required
for a proper presentation of the Operational Amplifier in structure and
function. Historical, philosophical, and utilitarian vioewpoints will be
included in due course. Meanwhile a reasonably academic, and concise
yet comprehensive introduction is surely expected. Such will be the
goal of this first part.

Pending more formal definition, an operational amplifier may be
said to play a part which generalizes upon those of the more familiar
but more rudimentary electronic “valves”, namely vacuum tubes,
transistors, etc. It increases the power level of signals and information,
serving as the life-giving (or active) element in an operating circuit, thus
enabling such a circuit to perform in a premeditated and predictable
fashion, as in making operational calculations. Broadly speaking, these
amplifiers and circuits and signals need not be electronic or even
electric — although we shall shortly assume them to be so. We shall also
assume them to be DC or direct-coupled, working down to zero
frequency, though indeed they may not always be so applied. In regard
to the signals themselves, we can at an early stage take them to embody
instantaneous voltages or currents, varying in general through zero, and
over positive and negative ranges with equal facility.

Why both voltages and currents? Much of the technical literature
emphasizes voltage signals as standard operational currency; this is
much too restricting, in view of medern practice. It is not simply a
matter of the classical duality between current and voltage. As will
become evident there is special propriety, for the operational
technologist, in dealing interchangeably with these two electrical
variables. In any case, whether signals are best expressed in terms of
voltage or in terms of current, it is clear that all signals carry
information only if attended by a flow of power. Thus both of the
former variables are normally involved, their instantaneous product




being the embodiment of instantaneous power, with the algebraic sign
of the product denoting the direction of power flow, information flow,
and (again, normally) of causality. For the present we must leave these
profoundities; actually in the presence of strong feedbacks, an
operational hallmark, there arise certain paradoxes which must be
wondered at, possibly resolved, and preferably exploited.

Strictly speaking, the information submitted to operational
circuitry need not be borne by signals 'measured as current or voltage
alone, or even explicitly as power. For example an input may be
reflected in the value of a varying impedance element, the “signal”
amounting then to the ratio between some voltage and some current, or
to various ratios among these quantities and their derivatives with
respect to each other or with respect to time.

There are many other exceptions to the voltage-and-current
regime in operational practice. For convenience, we can assume here
that we are dealing with continuous variables of either character, as for
instance in classical circuit theory, and as is generally assumed in the
contemporary instrument technology. Further, we cannot pretend in
this context, exalting as this might be, to be saying “‘operational” in the
manner of Eddington or Bridgman, or even of Heaviside. We chiefly
address systems engineers of the practical sort.

The Operational System

It is usual to introduce operational amplifiers in a progression of
relatively simple applications. Demonstrations of such special cases
admittedly have pedagogical value as well as practical importance. They
will be dealt with considerably in what follows, for both these reasons
among others. Here, we shall begin with a description of the most
general circuit, or instrumental subsystem, involving a single operational
amplifier. This will enable the framing of a meaningful definition of the
operational amplifier itself, and should help to establish the scope of
the doctrine to be presented. It may incidentally give some plausible
notion of the versatility of such amplifiers as instrumental tools.

Shown in Figure 1.1 is an intentionally generalized operational
system, having a single amplifier and a major local feedback loop. This
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Figure 1.1
Block Diagram of a Local Operational System

is a block diagram. It applies to any physical medium or combination of
media, with whatever physical variables are appropriate thereto. It
shows the causal relationships among such variables, as brought about
by the arrangement of the system. Although perhaps we cannot always
associate energy flow with causal direction, it is nevertheless intended
that each of the symbols associated with the variables of this figure
signifies power: the rate of energy transport in the direction indicated
by each arrowhead. The arrows may also be taken to denote the
directions in which information and influence are intended to flow.
Notice in passing that a closed path of action is traceable within the
system, and that power levels are roughly shown by weight of the flow
paths, which are not to be confused here with ducts or conductors. We
can enjoy such confusions in greater detail at a later stage.

The system shown in Figure 1.1, if not further restricted, could
be mechanical, thermal, hydraulic, or chemical as well as electrical,
electronic, or even electromagnetic. It could also be mixtures of these
forms, among others. Historically, as will be brought out later, several






















































