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Non-Sinusoidal Wave Forms

Part 2, Generators and Non-Linear Shapers

By the Engineering Department, Aerovox Corporation

In the preceeding article, the re-
sponse of four-terminal passive
wave-shaping networks to various
types of applied waveforms was dis-
cussed without regard to the actual
generation of these waveforms. The
present issue will be concerned with
a description and discussion of sev-
eral of the more basic methods of
generating non-sinusoidal waves.

Pulse generators as a general class
fall into two rather loosely defined
categories; the self-excited or self-sus-
taining generators such as the gas tube
relaxation oscillator, the block oscil-
lator, the multivibrator, etc., and the
“driven” generators such as the squar-
ing amplifiers, limiters and rectifiers.
The self-excited generators require no
input other than the usual d.c. operat-
ing potentials (plus a synchronizing or
triggering signal if desired for improv-
ed stability), and are self sustaining
as long as the d. c¢. power is applied.
They operate on the rather simple
principle that any system—electrical,
acoustical, or mechanical-—having two
stable states of equilibrium may oscil-
late between these states if a sufficient
amount of its output energy is fed
back to the input in the correct phase.
Thus, it will be readily seen that the
escapement of a watch movement
satisfies these conditions and is there-
fore a mechanical relaxation oscillator.
The primary source of energy in this
case is the potential energy stored in
the spring.
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Among the electronic pulse genera-
tors to be discussed is the familiar gas
tube relaxation oscillator first used in
the “dark ages” of electronics as an
oscilloscope  time-base  generator.
Briefly, the sequence of action in such
a device, shown diagramatically in
Fig. 1, is as follows. After switch
closure, condenser C charges expon-
entially through resistor R, the con-
denser voltage at any time being
given by:

(1 e=E(1—€_%)

Where:
e is the instantaneous condenser voltage

E is the battery voltage

is the base of Naperian logarithms

o+

is the time in seconds after switch
closure

R is the resistance in ohms

O

is the capacitance in uufds

-If the gas tube were not in the
circuit, the condenser voltage would
in time be equal to the full battery
voltage. However, when a gas diode
having an “ignition” potential some-
what lower than the battery voltage
is connected as shown in Fig. 1, the
condenser voltage at some point on
the charging curve will be sufficient
to ionize the gas, rendering it conduc-
tive. In this condition the tube
serves as a discharge path for the
charge stored on the condenser. The
condenser voltage will decay expon-
entially toward zero until it reaches
the “extincition” voltage of the gas
tube permitting deionization to take
place, where upon the condenser vol-
tage again charges toward the ignition
potential and the cycle repeats. The
output voltage for large values of the
RC time constant is the distorted
sawtooth shown as the solid line of
Fig. 2. Also shown (dotted lines)
is the output voltage for identical
battery voltage and gas tube condi-
tions but with a small time constant
(RC). With this simple relaxation
generator, the output must be limited

. to about 5 or 10 percent of the supply

voltage if a linear sawtooth is desired.

As a refinement, the gas diode of
Fig. 1 may be replaced by a gas-filled
triode, or thyratron, and the charging
resistor by a constant current source
such as the plate resistance of a pen-
tode?. With these modifications, a
much larger portion of the supply
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voltage appears as linear sawtooth at
the output of the generator. In ad-
dition, it is relatively easy to inject
a synchronizing pulse into the grid
circuit to insure that the sawtooth
generator will “lock in” synchronously
with some desired repetition frequen-
cy.

A pulse of very short duration may
be obtained from the gas tube type
of generator by inserting a resistor
into the cathode circuit of the thyra-
tron. The voltage pulse across this
resistor is, of course, proportional to
the discharge current pulse of the
condenser, and may be made of short
duration by the proper choice of tule
and circuit parameters.

The blocking oscillator3, Fig. 3, has
been widely used in television receiv-
ers as a pulse generator for accurately
timing the sweep generator. Here
again the modus operandi is the re-
laxation principle, with an iron core
transformer serving as the feedback
coupling mechanism. The transform-
er must of necessity be so phased that
an increase in plate current causes
an increase in grid voltage in the pos-
itive direction, and vice versa. Under
these conditions the slightest fluctua-
tion of plate current is sufficient to
drive the tube either to cutoff or
plate-saturation, depending on the
polarity of the initial disturbance.
For a positive-going disturbance, the
plate current will increase until the
rate of rise of plate current decreases
sufficiently to make the rate of change
of net grid voltage negative, at which
time the plate current falls to zero.
During the fall of plate current, as
well as during the rise, the transform-
er phasing dictates that the rate of
change of current shall be extremely
rapid. Since the grid draws appre-
ciable current during a portion of
the cycle, once the plate current has
fallen to zero, it will remain cut off
until the accumulated negative charge
on the grid condenser (and conse-
quently the net grid voltage) be-
comes sufficiently small to again per-
mit the flow of plate current. As may
be seen, the cycle is repetitive and
self-sustaining.

Fig. 4 depicts typical grid and plate
voltage waveforms observed in block-
ing oscillators. The grid voltage
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may be used as the trigger pulse to
fire a discharge-tube type of televis-
ion sweep generator which will be dis-
cussed later, or the plate output may
be used directly as the shaped sweep
waveform. Both methods have been
used sasisfactorily in commercial tel-
evision receivers.

Synchronization of a blocking os-
cillator may be accomplished by in-
jecting a positive sync pulse into the
grid circuit as shown in Fig. 3. For
best results, the free-running frequen-
cy of the blocking oscillator (controll-
ed by R of the above figure) should
be slightly lower than the frequency
of the sync pulses, although syn-
chronization with multiples or sub-
multiples is possible.

Several modifications of the free-
running blocking oscillator should also
be mentioned. For example, if suf-
ficient negative bias is applied to the
grid, self-sustained oscillations may
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BLOCKING OSCILLATOR WAVEFORMS
FIG. 4

be prevented. This circuit, called a
“driven blocking oscillator”, will os-
cillate for only one cycle each time a
trigger pulse is applied.  Another
useful variation is the “positive grid
blocking oscillator,” in which the grid
is operated with a slight positive bias
to reduce randon pulse-to-pulse time
“jitter”.

Closely related to the ordinary
blocking oscillator is the generator
first referred to in British literature
as the “squegging” oscillator. In this
circuit, the feedback mechanism is
an r.f. transformer. The action of
this type is similar to that of the
blocking oscillator, with the significant
exception that, instead of the single
burst of plate current normally oc-
curring in the blocking oscillator,
there may be several cycles of r.f. os-
cillations generated before sufficient
charge accumulates on the grid con-
denser to cut the tube off. This ac-
tion, incidentally, is identical with
that occurring in superregenerative de-
tectors. Squegging oscillators have
been tried as rather primitive radar
transmitters, but the synchronization
problems involved have precluded
their wide usage.

Another circuit which may be used
as a non-sinusoidal wave generator is
the multivibrator4. In its simplest
form (Fig. 5), this may be thought
of as a two stage, resistance coupled
amplifier whose output and input are
regeneratively coupled. The circuit
operation may be readily understocd
by recognizing that two stable states
are possible; tube No. 1 conducting
when tube No. 2 is cut off, and vice
versa. The tube that is cut off will
remain in that condition until the
negative voltage charge accumulated
on its grid condenser during the grid
conduction period has decayed suf-
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ficiently to permit plate current to
flow. The light feedback coupling
makes the build-up of current ex-
tremely rapid. When this occurs, the
phasing is so arranged that the other
tube will be cut off, and the cycle re-
peats. Like the blocking oscillator,
the multivibrator may be synchron-
ized by injecting a sync pulse into
either grid circuit.

As mentioned above for the block-
ing oscillator, the free-running multi-
vibrator may be altered in several
ways from varying applications. If,
for example, the circuit is arranged so
that one tube is permanently biased
to cutoff, and a positive trigger pulse
is applied to its grid, the circuit will
complete only one cycle of multivibra-
tor action and return to the most
stable state — that of the perman-
ently biased cutoff condition. This
type of multivibrator, called a Kipp
relay, may be further modified by re-
moving the condensers and providing
conductive feedback paths. With this
circuit, the tube that is cut off will
remain in that condition until trig-
gered by a positive pulse. The circuit
will flip to the other equilibrium con-
dition with the other tube cut off, and
will remain that way until it too is
triggered similarly. The shift occurs
only once for each triggering impulse
applied.

The output of a symmetrical mul-
tivibrator will be the square wave il-
lustrated in Fig. 1b of Part 1. The
term “symmetrical” implies that the
values of resistance and capacitance
in the grid and plate circuits of one

of the tubes are equal, part for part,
to those of the other tube. For this
circuit, the frequency of oscillation is
given by:

1
@ F=7ZRrc

Where:
F = frequency in cycles per second

R = resistance of the grid resistor
in ohms

C = capacitance of the coupling
condenser in ohms

A convenient method of varying the
frequency is by using a dual potentio-
meter as the grid resistors.

In the unsymmetrical multivibrator,
ie., one in which unequal values of
grid resistors and coupling condensers
are employed, the output waveforms
will resemble Fig. 1g of the previous
article.

The sawtooth sweep generator re-
ferred to as the “discharge tube” in
commercial television practice is a
simple circuit (Fig. 6) whose opera-
tion is quite similar to that of the
gas tulke relaxation oscillator dis-~
cussed above. Here, however, the dis-
charge occurs when the grid potential
is made positive enough to reduce the
plate resistance of the tube to a small
value. Between pulses, of course, the
voltage across the storage condenser
rises more or less linearly and, if lim-
ited to about 5% of the supply volt-
age, may be used as the sweep voltage
waveform of a television receiver.

In conclusion, a brief description
of typical driven waveform genera-
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tors, such as the overdriven amplifier
and the limiting diode circuits, will
be given. The overdriven amplifier
(Fig. 7) consists of a conventional
amplifier tube and associated circuit
which is operated in such a manner
that both plate and grid limiting oc-
cur. If a large sinusoidal voltage is
applied to the input, the tube is driv-
en beyond cutoff during most of the
negative excursion of the sine wave.
During the positive portion, however,
the grid will draw current, which is
limited by the series grid resistor. Un-
der these conditions, it is impossible
for the grid voltage to rise more than
just a few volts positive, no matter
how high the input signal goes. Thus,
the plate current is also limited. The
output will be a square wave. By
properly choosing the values of the
circuit elements, the limiting action
may be made to occur over a wide
range of signal amplitudes. Thus, it
is possible to convert any complex
waveform into a flat-topped wave-
form.

The circuit of Fig. 8, variously term-
ed a diode clipper, clamper, or limit-
er, performs a similar function. Any
waveform applied at the input ter-
minals will be clipped at a voltage
level determined by the bias voltage
in series with each diode. This cir-
cuit provides a simple method of con-
verting a sine wave to a square wave.
Diodes of either the vacuum tube
type or the crystal type® may be em-
ployed.
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Type 89ZXY Aerolitesi-Aer-
ovox-improved metallized pa-
per capacitors wete’ devel-
oped to meet-present.day re
quiremerntis for capacitors: of
improved reliability and re-
duced size. Type B9ZXY Aer-
olites. are metallized-paper
capacitors ‘in hermetically-
sealed melal cases. Other Aer-
olite® capacitors are available
in tubular; bathtub and other
case designs.

Type P1232G Miniafures—
Metal-cased, metallized-paper
capacitors fealuring  vifritied
ceramic terminal seals for
maximum immunity to ¢liz
matic “conditions — heat, “cold,
humidity, For gevere:service
applications_dnd for usage in
critical as ‘well as ulfra-com-
pact radic-electronic assem-
blies. '

Type P83Z. Micro-Minia-
tyres*: Smaller than prévious
smallest’’ —a distinct depar-
ture from conventional foil-
paper and previous metal-
lized paper consiructions,
Radically new metallized di-
electric makes possible excep-
tionally small. physical.sizes.

Type SRE Bantams: -The
smallest elecizolytics yel. Es-
pecially suitable for personal
radios, filter circuits and sim-
ilar ‘functions:  Hermetically-
sealed aluminum can with di-
ameter-reducing stud termi-
nals, Improved @ processing
and mateyials combined with
more efficient . space ‘utiliza-
tion, ‘means” smaller sizes —

biit no reduction in life.
oy

| Type ‘87 Aerocons~—Seli-
molded -plastic iubulars with
new. impregnani, Aerclenes;
new rock-hard Duranife end
seals: All .the performance
characteristics ol molded-
plastic. capacitors at. a price
close 16 that of conventional
paper tubulars. Excellent heat
and humidity resisting quali-
ties,’ Operating. temperatures® RSt i
of ~=30° C'to --100% C,

® Tell us what you are designing or producing. Our
engineers will gladly show you better assembly pos-
sibilities with marked economies. literature on re-
quest. Write on your letterhead to Aerovox Corpora-
tion, Dept. DF-65, New Bedford, Mass.

capacitors

CAPACITORS -

Available in: two icase ‘sizes
(3/18' % -7/18" ‘and: 1/4" x
9/16”"); voltages. of 200, 400,
600; operating temperatures
range from: —159 C 1o | B5°C
without derating.

There is something new in sizes!

® Never was so much capaci-
tance packed into so little bulk.
And with improved performance
and life, too. Aerovox Research
and Engineering have developed
capacitor materials that now chal-
lenge the thinking of the progres-
sive radio-electronic designer on
several counts:

For elevated temperatures: Im-
munity of Aerolene impregnant
and Duranite end fills. For humid-
ity extremes: perfected hermeti-
cally-sealed metal-can casings

VIBRATORS =
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even in finiest sizes. For minia-
turizations: perfected metallized-
paper sections. For compact fil-
ters: smallest electrolytics yet.
Formaximum reliabiliiy: the most
conservative ratings. For lower
prices: advanced engineering
backed by highly mechanized
fabrication.

New design thrills at your fin-
ger tips! That's what these latest
Aerovox capacitors mean to you
by way of still better radio-elec-
tronic assemblies.
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