The exponential decay of the voltage on a
condenser discharging through a resistance
has long been used as a stop-watch to meas-
ure time intervals beginning at the start of
the discharge. Many types of multivibrators®
employ such “interval timers” in their opera-
tion. At very high frequencies, however, pre-
cise timing becomes difficult with a simple
R-C discharge circuit, and in recent years in-
ductances have been associated with the cir-
cuit to enhance the timing accuracy. The
radar range unit} and the PCM decoder}
are examples of this use of inductance with
R-C circuits. Pulse durations as small as
0.4 us were required for the latter system.

In recent experimental studies of time
division multiplex systems employing pulse

Fig. 1 — Typical ar-
rangement of a mulli-
vibrator circuit.

modulation, however, frequericies were re-
quired of over 18 mc and pulse durations as
dmrt as 0.02 us—an interval so short that
light—which would circle the earth more
than seven times in a second—travels less

- than 20 feet. At these frequencies and pulse

durations, inherent limitations of the fre-
quency range of a typical multivibrator
circunit restrict its use. It has been generally
necessary, therefore, to employ a new type
of multivibrator that has a capacitance, an
*Reconp, September, 1943, page 19.
tRecorp, June, 1947, page 234

{Reconnp, November, 1948, page 455.
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inductance, and a rectifier of the varistor
type 1 its [)]:llt' cirenit.,

Why the ordinary multivibrator circuit he-
comes unsatisfactory at such high frequen-
cies will become apparent on a brief analysis
of the action of the circuit shown in Figure 1.
[n this circuit the frequency of oscillation is
inversely prnpnrliunul to the sum of the time
constants ricz and r2c1, and is also depend-
ent on the tube characteristics, the electrode
voltages, and other remaining circuit con-
stants. At higher frequencies, where very
small time constants are required, difficulty
is encountered in obtaining sufficient ampli-
fication to enable the drop in voltage trans-
ferred from the plate of one tube to the grid
of the other to drive the grid below cutoft.

Suppose, for example, that in order to
make micz and n2ci small enough to pro-
duce the desired oscillation frequency, o
and c2 are cach equal to the effective grid-
to-cathode capacitance ot the tube used.
Then onlv half the voltage developed at the
plate of one tube is transmitted to the oppo-
site grid, and twice as much amplification is
necessary for multivibrator action at the
proper frequency. Unfortunately at oscil-
lation frequencies where the coupling
capacitance is necessarily as small as the
tube capacitance. a high voltage drop at the
plate is difficult to achieve. This difficulty
has now been overcome by replacing the
plate resistance load of the multivibrator
tubes of Figure 1 by a parallel combination
of an inductance, a capacitance, and a
varistor rectifier as shown in Figure 2. The
resulting circuit, although bearing a super-
ficial resemblance to Figure 1 is quite di}lm‘-
ent in performance. Here the frequency of
oscillation is determined primarily by the
resonance of inductance and capacitance in
the plate circuits of the two tubes, hence the
name tuned plate multivibrator.

When the grid voltage of a tube having a
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capacitance and inductance in parallel in its
plate circuit becomes high enough to cause
current to flow, the circuit will start to oscil-
late at its resonant frequency—current in the
external circuit starting from zero along
the negative lobe of the resonant cycle. At
resonance frequency, the impedance of a
parallel circuit of inductance and capaci-
tance is high, and thus the amplitude of the
voltage wave is large. Since the coupling and
grid leak resistances of Figure 2 play no part
in determining the frequency of oscillation,

Fig. 2—Typical arrangemm;t of a tuned plate multi-
vibrator.

they may both be large, thus permitting the
large negative voltage developed at the plate
to be transferred to the opposite grid with
negligible change in either amplitude or
shape. Moreover, the timing becomes much
more precise,

Assume, for example, that T2 of Figure 1
is conducting and that 11 is not because its
grid is below the cutoff voltage. Capacitor
ct will thus be fully charged to voltage 8. If
the grid voltage of 11 is now raised above
cutoff—by means that need not be consid-
ered for the moment—r1 will suddenly start
to conduct. The resulting current through
R, will instantly drop the voltage at p, to
some small voltage v, equal to the drop
across the tube. The terminal of capacitor
c1 that had been at potential 8 will suddenly
be lowered by the amount B—v,, and since
the voltage across the capacitor cannot
change until the charge changes, which re-
quires time, the potential at the other termi-
nal of c1, which had been zero, will drop to
—(B—Vo). Since this is well below the cut-
off voltage, T2 will at once cease to conduct.
At the same instant, c1 will start to dis-
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charge, and as it does so the voltage at g.
will rise toward zero following the exponen-
tial curve at the left of Figure 3, When it
reaches the cutoff voltage, T2 will start to
conduct. This cuts off 71 just as the starting
of 11 had cut off r2.

The half period for such a circuit would
be from the point t, of Figure 3, where tube
T2 starts to conduct, to the following corre-
sponding point where tube T1 aga starts to
conduct. It will be noticed, however, that at
these instants, the voltage on the grid is ris-
ing slowly, and thus any slight variations in
the voltage will make a relatively large
change in time. The precision to which the
frequency can be held is limited by this fact.

With the circuit of Figure 2, on the other
hand, the voltage at g2 after 11 has started
to conduct is as shown at the right of Figure
3. Instead of dropping suddenly and then
rising exponentially as in the left-hand dia-
gram, the voltage follows the negative lobe
of a steep sine wave. Thus, T2, will be cut off
almost instantly and will remain cut off until
the voltage again reaches the cutoff value on
the rising side of the wave. At this point,
however, the curve is very steep, and thus
a comparatively large change in the ampli-
tude of the wave will have a comparatively
small effect on the time at which cutoff
occurs. The timing is thus relatively free
from changes caused by variations in tube
characteristics or electrode voltages. This is
in contrast to the circuit of Figure 1 where
transfer is effected at a time which depends
greatly on such factors as tube character-
istics and electrode voltages.

(]
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] [+]
TIME, t —»

Fig. 3—Plot of voltage at g, against time: at the left for
the circuit of Fig. 1, and at the right for that of Fig. 2.
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Fig. 4—Plot of r foroiwo values of L/c.

ure 4. It is apparent here that if » is suffi-
ciently high, the oscillation frequency is
relatively independent of r, and is very
nearly the resonant frequency of the
tuned circuit.

Since R includes the resistance of the varis-
tor, it is not constant. 1t will be very small
when the cathode of the varistor is at a lower
potential than its anode and very large when
it is at a higher potential. The necessary
condition for oscillation is satisfied when
both the tube plate resistance and the
varistor resistance are high. This occurs each
time the tube starts to conduct. At the end
of the half cycle oscillation, however, when
the voltage of the plate starts to rise above
+ 8, the varistor impedance becomes low,
making r less than \ 1 4c, thus placing the
circuit in the nonoscillatory condition. Oscil-
lation thus takes place only over the nega-
tive half cycle, ;

This change from the oscillatory to the
nonoscillatory state occurs at the time the
current in the inductance, and hence its
stored energy, is at a maximum value. Before
another oscillation can start, a large portion
of this stored energy must be gissipated‘

The oscillating frequency of the plate cir-
cuit of Figure 2 is given by the expression:

e A2 R 2 B
~2xV1c 4c*R?

where R is the parallel combination of the
tube plate resistance and the resistance of
the rectifier. Included in c are the tube and
wiring capacitances, while the resistance of
coil L is neglected. Oscillation will occur
only when R is greater than \/L/4c. If
equation (1) is divided by the resonant
frequency of the tuned circuit f,, where
1

— ¥

2n \ LC
the resulting equation becomes:
%, B ]

C 4R*

f (1)

fo=

(2).

Plotting r versus £/f, for different values
of L/c yields curves similar to those of Fig-
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Fig. 5-A basic tuned plate multivibrator circuit,

above, and operating voltage graphs, below.
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Fig. 6—-A tuned plate multivibrator circuit as used to
secure frequency division at high frequencies.

Since dissipation takes place in the resist-
ance R over a period of time proportional to
L/R, it may be necessary at high repetition
rates to accelerate the dissipation of energy
by the addition of resistance to the dis-
charge path.

The basic circuit of the multivibrator of
Figure 2 consists of a single tube with a
tuned plate load. It produces a negative
pulse each time the tube is driven from non-
conduction to full conduction by a steep
wave front. It may thus be used for pro-
viding a seguence of short Hat-topped pulses
by the addition of a tube that inverts the
polarity of the pulse and clips off its rounded
top. The operation of the circuit, shown in
the upper part of Figure 5, is as indicated in
the lower Fart of the diagram. The input to
the grid of 71 is a square wave-shown on
line (a)—of sufficient amplitude to swing 11
from below cutoff to zero grid. The stee
rise in this wave starts the oscillation whi{{:
lasts for just a half cycle of the sine wave as
shown in line (b ). This voltage is transferred
to the grid of T2 as shown in line (c), thus
stopping conduction of 12 for the duration
of the pulse and resulting in an output from
12 as shown in line (d). The length of the
“on” time of the input square wave is not
critical, and may be of longer duration than
the output pulse. This is different from the
usual single-trip multivibrator where the
duration of the tripping pulse is short com-
pared to that of the output. Pulses of very
short duration as well as longer ones may be
genemted in this manner. Using 6AKS5 tubes
or T1 and T2, an inductance of about Suxt
for L, and using tube and wiring capaci-
tances for ¢, a pulse estimated at 0.02 us in
duration was produced at either 8 or 576 k.

The spectral analysis of the sequence of
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pulses of line (b), when the resonant fre-
quency of the tuned plate is high compared
to the repetition frequency and is a multiple
thereof, shows a fairly even distribution of
harmonics of the lower frequency over a
wide range. Thus the basic circuit in itself is
a very useful harmonic generator which re-
quires no special tuning or shaping of the
mput wave.

A further modification of the basic circuit
results in a multivibrator type circuit very
useful in frequency division at high fre-
quencies. This is shown in Figure 6 with ex-
planatory wave form diagrams on Figure 7.
It consists of two of the basic circuits cross-
connected in typical multivibrator fashion.
Pentodes are shown here, instead of triodes,
with negative control pips applied to both
suppressor grids. A small resistance is added
in series with the tuned circuit to provide a
load impedance for the control pips and to
accelerate the dissipation of energy stored
in the inductance. Since the frequency of
operation is not determined by the R-C time
constant, both the coupling condensers and
grid leak resistors may be as large as prac-
tical, limited by other considerations such
as stray capacity to ground, grid leak bias,
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Fig. 7—Operating voltage graphs for circuit of Fig. 6.
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and the like. The output may be taken fron
cither plate or grid. but is shown as heing
tiuken trom one orid throuel 1

Wave fors are shown for an S to | step-
down. Line (a1). Figure 7, shows shirp nega-
tive control pips applied to hoth SUPPIessor
erids. Assune at the h:-‘_:inning of operations
r1is cut ofl and 1™ is conducting, I this
condition negative pips on the shppressor
grich of 1 have no effect. but the first L -
tivee pip on the suppressor of 12 will cnt off
12 causing its I)]:ltt- \ n“;l}__’t‘ to rise suddonly
This rise is transferred to the grrid of T caus
ing it to conduct. Then as was Presiotsly
shown, the voltage at the plate of 1 line 1)
will begin to describe a sine wive of fre-
quency determined approximately by i«
This voltage is transferred to the arid of 12
holding it in the cntoff condition Each timie
i negative pip appears on the stUppressor

THE AUTHOR: A F. Jonassox gomed
Laboratorics alter eraduating from high s lunal

149249 Beginning as a messenver, he provressead 1
Fechnical Assistant and Bnally 1o Member of o

Lechnicad Staff, He o ived the deeree of 8 B
from New York Univorsity in 1944, As a nembor of
the Transmission Researdh |)|-11_.Jln.= ut. lis work 4

primarilv on |:||1]'t.'I\I-\, prlse modulibion systens

Daring the war he wis coneernod with thie s luyy
itk of nonc Linear vimls | it ra i ui,n-ln T

urid of 11 4 positive pip is produced across
the small resistor in series with the tuned
vircuit in the plate of 11, und henee is added
to the sine wave beine trnsterred to the
urid of 12, These pips meflective until
the sum of the sine wai, . voltage and pip
voltage on the arid of 12, enters the con-
ducting region of 12, The filth prp then
causes 12 to switch on, and by mnltivibraton
action 1 troes ofl. The })i.l-‘l' voltage of 1y
trving to oo above + woas restrained ]:_‘\' the
varistor and held at - w The process thus
repeats with 11 and 12 changing roles at
every toarth pip on the sippressor, thus giy -
g an S to 1 stepdown. This method was
nsed in the Lihoratory: in stepping down
trom 15432 mic to S ke in the followiyge steps:
Sto 1 from 18432 mie to 2,304 me. 4§ to  from
2304 me to 376 ke, 6 o 1 e nn 276 ke ta Y6
Kecand 12 to 1 from 96 ke to S ke

This Month’s Cover

With the cipaipment shown on the front
cover. Bell Tl jhone  Laboratories  engi-
neers can determine, in less than one work
ing day, v !t hapya e 1oy telephone hand-
st -Turing droverige tuur vears of enstonme
usage. Sinnilating the user's “langing up’
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action, the machime drops the handsets onee
vach second until 22 000 drops have heen
made. Main abject of the test is to stidy the
cffeets of usage on the tiny carbon arinles
contained in the transmitteor Tt Lias oo by ‘1
applied to determin (IHI'&I.')]IIHI\ of hnishes
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