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Fig. 1. Basic curves of the d.c. nega-
tive-resistance devices discussed below.
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LTI / Description of ferroresonators, nonlinear-type

capacitors, semiconductor capacitors, and other similar components.

By RUFUS P. TURNER

HE author’s earlier article on negative resistance was

I devoted to direct-current devices.! However, that ar-

ticle stated in conclusion that certain a.c. devices also
exhibit the property of negative resistance, or negative imped-
ance. This article describes devices of this type.

For simplicity’s sake, throughout this article the term “neg-
ative resistance” will be used in a generic sense. But the
reader will recognize that the negative quantity may be im-
pedance or reactance, rather than resistance.

Such a.c. negative-resistance devices are not nearly as nu-
merous as the d.c. devices, but we may reasonably expect
additions to the family as research and development continue.
The external manifestations of a negative characteristic are
substantially the same in a.c. and d.c. devices, that is, the
conduction curve has a negative slope over some part of it.
In one instance, current will be the independent variable; in
another, voltage will be. Thus in Fig. 1A, current is the inde-
pendent variable. As the a.c. current is continuously increased,
the a.c. voltage drop across the device first increases from 0 to
A and then decreases (showing a negative resistance) from A
to B. In Fig. 1B, voltage is the independent variable. As the
applied a.c. voltage is continuously increased, the a.c. current
flowing through the device first increases from 0 to A, and
then decreases (showing negative resistance) from A to B.

The following sections describe the action of devices which
exhibit one or the other of these conduction characteristics.

Ferroresonator

The ferroresonator (also called “ferroresonant circuit,” sat-
urable-reactor switch,” and “ferristor”) is a special type of
series-resonant LC circuit. It really is quite simple, consisting
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only of a coil and capacitor connected in series (see Fig. 2A).
The capacitor is a conventional one but the coil is not. The
special feature of the coil is its core which saturates readily.
Because of core saturation, the inductance and reactance of
the coil decreases as the current is increased. An ordinary
iron-core filter choke will exhibit saturation and a resulting
decrease in inductance if current is raised high enough, but
this usually requires a rather large current at power-line fre-
quencies. A ferroresonator coil intended for operation be-
tween 100 ke, and several megacycles, however, is wound on
a tiny, thin core of high-permeability metal and will saturate
on only a few milliamperes.

The LC combination resonates at a frequency, f., deter-
mined by the inductance and capacitance values. (Resonant
frequency f-=1/(6.28V LC). Capacitance C is constant, but
inductance L varies with the current, I, flowing through the
circuit, so the resonant frequency changes with current. (As
I increases, L decreases, and f. increases.) This is the basis of
ferroresonator operation.

Fig. 2B shows a typical ferroresonant circuit, Here resist-
ance R is non-inductive. The generator provides an adjustable
a.c. output voltage. By adjusting the voltage, the operator
varies current I flowing through R, L, C in series. The voltage
(Ewc) across the LC combination is measured with a high-
impedance a.c. vacuum-tube voltmeter. Fig. 2C shows circuit
response. As the current is steadily increased, voltage Erc
rises to a peak (point A), then decreases to a valley (point
B), and finally rises again to C and beyond. Thus, AB is a
negative-resistance region bounded by two positive-resistance
regions (0A and BC). This is a typical negative-resistance
curve,

The circuit behavior may be explained in the following
manner. (1) The L and C values are selected to give a reso-
nant frequency somewhat lower than the generator frequency.
Increasing the current decreases inductance L and tunes the
circuit up to the generator frequency and finally to some still
higher frequency. (2) As I is increased from zero, E.c rises
and would continue to do so if the core of the coil did not
begin to saturate. Saturation (starting at point A in Fig. 2C)
lowers the inductance and tunes the circuit toward resonance
at the generator frequency. (3) At generator resonance, the
net reactance of the LC combination is theoretically zero,
therefore E.o is theoretically zero. As resonance is ap-
proached, Erc accordingly decreases. At resonance (point B),
E.c does not drop fully to zero because resistance losses re-
main to act in the circuit after resonant cancellation of the
reactance. (4) As I is increased further, core saturation in-
creases, inductance lowers still more, and the circuit is
tuned to a frequency higher than the resonant frequency.
Thus, the voltage once more rises—in this case from B to C.
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Crystalline structure of tungsten is
shown on photomicrograph taken with
field ion microscope. Each luminous

spot in the photomicrograph repre-
sents an individual atom of matter.

Another offshoot from the eairly days
of microscopy is the flying-spot ultra-
violet microscope. The original ultra-
violet instrument had several important
defects which kept it from becoming
widely used back in the early years of
the century. One of the most important
was that ultraviolet light quickly kills
most forms of microscopic life which

scientists were interested in observing. '

(It shared that fault with the electron
microscope, of course.)

But two researchers at the University
of Texas came up with a variation a few
years ago which overcame this problem.
They generated a spot on the face of an
ultraviolet cathode-ray tube, which they
swept in a raster through an ultraviolet
microscope onto a specimen they wanted
to study. The spot scans the specimen
just as the beam in a TV camera scans
the scene before it. Under the specimen,
a photomultiplier tube collects the light,
which varies in intensity as the transpar-
ency of the specimen it is sweeping var-
ies.
The fluctuating signal developed by
the photomultiplier is used toc modulate
the beam of a television picture tube,
which is sweeping in synchronism with
the ultraviolet spot. Since the spot is
small and sweeps rapidly across the
specimen, it has no effect on the organ-
ism being studied.

Although the combination of elec-
tronics and microscopy has already pro-
duced results of incalculable value, it
seems likely that its future contributions
may be even more spectacular. RCA’s
Dr. V. K. Zworvkin, a pioneer in the
field, recently put his thoughts on the
electron microscope and its importance
this way:

“Today, we know that the electron
microscope has opened a great new di-
mension for human exploration in the
world which we once labeled submicro-
scopic, The knowledge that has already
resulted is surely only a small portion of
that which has been brought within our
ultimate reach as science continues to
apply the electron microscope to the
endless task of research.” A

Negative-Resistance Devices
(Continued from page 51)

North observed that individually welded
whisker diodes showed this effect when
used as v.h.f. superhet converters.6

Such a.c, negative resistance has been
observed in some conventional diode
tubes operated at uw.h.f.7.8 This is a sec-
ondary effect resulting from electron
transit time in the tubes. The mechanism
involves the dynamic plate resistance of
the diode, which decreases at ultra-high
frequencies. When the transit time
equals the period (1/f) of the applied
voltage, R,=0. At higher values of tran-
sit time, R, is first above then below zero,
its oscillating curve showing a negative
slope in some portions.

Feedback Amplifiers

An amplifier provided with the proper
amount of positive feedback may present
negative resistance to circuitry con-
nected to its input terminals. This ap-
plies to amplifiers of all types, such as
vacuum-tube, transistor, magnetic, di-
electric, and varactor. It is this very
property that is utilized so widely in
oscillating and regenerative circuits; the
negative resistance provided by the
feedback amplifier cancels the losses of
the tank circuit into which it operates.
A familiar example, in which loss can-
cellation results in a large increase in fig-
ure of merit, is the “Q”-multiplier.

The grounded-grid amplifier! oper-
ates very effectively as an a.c. negative-
resistance device and has been exploited
in telephony as a two-way repeater,

A general limitation of all a.c. nega-
tive-resistance devices is their require-
ment of an a.c. supply, which is some-
times inconvenient and which always
limits the maximum speed at which the
device operates. When a.c, supply and
circuitry are already provided, however,
or the application is of an a.c. natwe to
start with, and the supply frequency is
high enough to permit maximum desired
operating speed, a.c. negative-resistance
devices offer distinct advantages. A
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