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1. 

The present invention relates to oscillation gen 
erators of the electrical multivibrator type, utilis 
ing a single multi-grid electron discharge device 
or Valve having the electrodes intercoupled to 
perform the function of the two valves normally 
present in the Well known Orthodox multivibrator 
circuit. 

In the circuits of the type specified the circuit 
arrangement OScillates between two conditions 
in which the relative potential differences of two 
electrodes are reversed the one with respect to the 
Other, the reversal being brought about by the 
application to an electrode of a voltage of op 
posite polarity to the biassing voltage already 
existing on that electrode. Such an applied volt 
age may take the form of a Voltage pulse gener 
ated in another part of the circuit so that the 
circuit functions continuously as an oscillator. 
Such an oscillator may be synchronised to a train 
of puises of suitable voltage polarity applied to an 
electrode so as to Switch the circuit from One 
condition to the other, the timing of the syn 
chronising pulse and of the generated pulse being 
Suitably chosen. 
The single valve type of multivibrator is in 

herently more stable in frequency than the plural 
valve version, particularly with regard to power 
Supply fluctuations, but for certain purposes such 
as for producing pulses which are employed for 
Opening a gating circuit, for example, for the se 
lection of a particularly desired pulse train in a 
received signal to the exclusion of other pulse 
trains of the same or different frequencies and 
interferences, or for frequency dividing, the sta 
bility of the single valve type is still not sufficiently 
good... It is the object of this invention to increase 

O 
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the stability of a single valve continuously run 
ning multivibrator circuit of the type specified. 
This object is attained in accordance with this 

invention by providing a stabilised electric multi 
Vibrator comprising a thermionic valve having 
in the order named, a cathode, first, second and 
third grid electrodes and an anode; an operating 
source therefore having a substantially constant 
unidirectional potential; first and second resist 
anceS Connecting the positive terminal of the 
said source to the anode and first grid electrodes, 
respectively; a third resistance connecting the 
cathods to the negative terminal of the said 
Source; a Condenser connecting the anode to the 
first grid electrode; means for applying a con 
stant positive potential to the third grid elec 
trode with respect to the negative terminal of the 
Said source; a resonant circuit connected in series 
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With the cathode; and means for deriving output 
pulses from the second grid electrode, 
The invention will be described with reference 

to the accompanying drawings, in which: 
Fig. i shows a schematic circuit diagram of a 

multivibrator according to the invention; 
Figs. 2 and 3 show waveform diagrams used in 

explaining the action of Fig.1; and 
FigS. 4 and 5 show respectively two examples of 

Self-gated multivibrators according to the in 
Vention. 
The multivibrator according to the invention 

ShoWn in Fig. 1 comprises a pentode valve en 
ergised by a high tension source intended to be 
connected to the terminals 2 and 3, the latter 
being the negative terminal which is preferably 
connected to ground. The anode and screen grid 
of the Valve are connected to the positive ter 
minal 2 through resistances 4 and 5 respectively. 
The cathode is connected to ground through a 
iresistance 6 and a parallel resonant circuit con 
Sisting of an inductance 7 and a condenser 8. 
A resistance 9 is connected in series with a 

resistance potentiometer between the terminals 
2 and 3, and a by-pass condenser if shunts the 
resistance 9. The suppressor grid of the valve 
is connected directly to the junction point of the 
resistances 9 and . The control grid is con 
nected to the anode through a condenser 2 and 
to the moving contact of the potentiometer 0 
through a resistance 3. It is also connected to 
the anode of a diode 4, the cathode of which is 
connected to the junction point of elements 9 and 
f8. An output terminal 5 is connected to the 

5 screen grid through a condenser 6, and an input 
terminal is connected to the junction point of 
the elements 6 and for applying Synchronising 
pulses. 8 is an additional ground terminal which 
may be used with f3 or . A terminal 9 con 
nected to the anode is provided to enable Syn 
chronising pulses to be applied, if desired, to the 
anode instead of to the cathode. 

. The circuit as described without the elements 
7 and 8 (the cathode being connected directly to 
the resistance 6) is a known arrangement which 
generates regularly repeated short duration pulses 
which may be obtained from the terminals 5 and 
S8. It is found to be very stable in operation. 
the frequency being only slightly effected by vari 
ation of the high tension voltage. The arrange 
nent is particularly suitable for low repetition 
frequencies. In certain applications an exceed 
ingly stable generator is required, and for this 
reason the resonant circuit 7, 8 is introduced ac 
cording to the present invention. 
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In order to make the operation clear, a Specific 
example of the circuit of Fig. 1 will be taken, 
adapted for generating short pulses with a rep 
etition frequency of about 100 pulses per second. 
The circuit elements had the following values: 

Resistance, Capacity, 
Element Ohms Element." Mfds. 

150,000 11----------------- 0.1 
25,000 12----------------- 0, 00: 
5,000 0. 

100,000 0. 
500,000 --- -- 

Inductance, Element Henry 

13------------------ 2X107------------------ 0.5 

E. T. Voltage 200. 

It will be noted that the suppreSSOr grid po 
tential is maintained constant at about 33 volts 
and that the control grid potential is prevented 
by the diode 4 from exceeding this value: 
The action of the circuit is rather complicated 

and will not be described in detail. The main 
features are showever exhibited in the curves of 
Fig. 2. 
The action starts at Zero time, when the Screen 

current is large, and the anode voltage has its 
maximum value. Since the resistance: 4 is Several 
times larger than the resistance 5, the anode 
current will be small compared with the screen 
current, and the potential of the cathode will 
be determined mainly by the screen current. This 
cathode potential should be; a little higher than : 
the suppressor grid potential, which is indicated . 
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by the dotted line, a in. Fig. 2. This results, in 
the-anode current being nearly but not quite cut 
off. At zero time, the control, grid voltage; will 
be approximately, the same as the suppressor grid 
voltage, and will subsequently follow...thecathode : 
voltage: owing to the feed-back action of the re 
sistance 6, remaining always, slightly lower. 
At Zero time, the anode potential having 

a 

reached a relatively: high value, and the Sup-. 45 
preSSOr grid being only slightly negative. to the 
cathode, a small anode current begins to flow, 
With a resulting drop in anode voltage, which is 
immediately communicated to the control grid: 
through the condenser 2. The cathode voltage 56 
falls with that of the control grid, and this in 
creases the anode current because the suppressor 
grid becomes more positive to the cathode. The 
change is fed round again and the anode volt 
age falls, steeply so that the cathode voltage is 
driven rapidly nearly to zero, and the control grid 
voltage gCes with it so that the space circuit of: 
the valve-is, nearly, but not quite cut off. The 
Screen current therefore falls nearly to zero. 
ihis general fall in potential of the valve elec 
trodes, is indicated by the parts...b of the three 
CurWeS. 
The: condensert: 2: now... charges up, slowly 

through the:high resistance: 3. in such manner. 
that the:, control. grid potential rises, slowly. A. 
similar rise occurs in the cathode potential, and 
the-anode: potential falls.further due to the slight 
increase in the-anode current. The , anode. po-. 
tential fall is...practically linear due to the feeds. 
back action, and this effect continues for a rela. 
tively; long period, as indicated by the portion c. 
Of: the curves. When the anode potential. has 
nearly reached that of the cathode, a short period. 
d:0CCurS. When the anode current becomes, con 
Stant, and then the feed-back from the anode. 

65 
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4. 
ceases to operate so that the cathode and control 
grid potentials both begin to rise much more 
rapidly and in an exponential manner, until the 
cathode potential reaches the suppressor grid 
potential, when the anode current is nearly cut 
off and the anode potential rises sharply at first 
and then more slowly and exponentially to the 
maximum value, when a new cycle commences. 

During the period c there is a Small increase in 
the screen current, and afterwards a sharp in 
crease to the maximum during the period d. 
While the anode. voltage is rising eXponentially 
to the maximum value, the screen current and 
cathode potentials remain constant owing to the 
action of the diode 4, which prevents the con 
trol grid voltage from rising above the Suppressor 
grid. Voltage. 
The suppressor grid voltage variation will 

clearly be similar to the screen current curve, 
but inverted. Thus short negative pulses With 
steep sides will be obtained for the terminal 5. 
Now when according to the invention the resor. 

nant circuit. , 8 is included in Series With the: 
cathode, the sharp down strokes b of the Cathode 
potential will excite, the resonant circuit and will 
cause it to "ring.' The natural. frequency of the 
resonant circuit should preferably be from: five 
to tentimes the frequency of repetition desired 
for the pulses. An alternating voltage Will be 

to superposed on the cathode voltage as shown in 
Fig. 3. Then the time at which the cathode volt 
age exceeds, the Suppressor grid. Voltage at the , 
end of the cycle, is precisely determined by the 
steep up-stroke at e: in Fig. 3 of the Superposed. 
alternating voltage wave, and this accurately 
fixes the commencement of the new cycle. Dur 
ing the periods of the cathode pulses the resonant 
circuit is heavily damped by the low.cathode im 
pedance of the valve. These pulses should pref 
erably be made of very short duration, by mak 
ing the ratio of the resistance of element 4 to 
that of element. 3 Small. In the example given. 
above this ratio is about 0.075. At the end of the 
cathode pulse the valve is nearly cut off. So that 
the damping...is. Small and the circuit continues 
to ring throughout the periods: between the cath. 
ode pulses. As the cathode current gradually in 
creases, a certain amount of negative resistance 
is...introduced, and the amplitude, of the Super 
posed Waves therefore does not necessarily. de 
crease, as shown at A.Fig. 3. It may remain Sub 
stantially constant, or it may decrease and then 
increase. Examples of these possibilities are 
shown in Fig. 3, at B and C. 
The time interval between the cathode pulses 

is very accurately determined by the resonant 
circuit, 8 and if the circuit constants are chosen, 
So that a very short cathode pulse is produced 
a Very stable oscillation is obtained. 
AS already explained, the output pulses are 

preferably derived from the screen grid, and if 
very short pulses are required, the pulses from 
the screen grid may be differentiated in known 
manner. The potentiometer'? O provides a cone 
Venient fine - adjustment of the multivibrator." 
frequency: 

The-circuit of Fig.1 may be easily-synchronised 
by a pulse train having substantially the same 
repetition frequency as that of the circuit; and 
this may be done in a number of different modes: 
and by Several methods of signal injection. The : 
Synchronising pulses may be used either to ad 
vance or retard the emission of the pulses, at 
instants corresponding to either the leading; or 
the, trailing edges. of the cathode: pulses. The 
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various possible methods of applying the syn 
chronising pulses in either sense to any suitable 
valve electrode will be understood by those skilled 
in the art; but the preferred method is to apply 
the Synchronising pulses in positive sense to ter 
minal and thence to the cathode. The Syn 
chronising pulses do not appreciably excite the 
resonant circuit, and if the repetition frequency 
of the oscillation. When controlled is slightly 
lower than that of the synchronising pulse train, 
Synchronisation takes place by the exact deter 
mination of the leading edges of the cathode 
pulses, the tinning being slightly advanced. 
This arrangement is found to be quite satis 

factory even when the Synchronising pulse train 
contains interfering pulses of Waves so long as 
they are not strong enough to be capable of 
causing the emission of a cathode pulse too soon 
by One or more cycles of the Superposed alter 
nating current wave. 
invention to be described presently permit sat 
isfactory operation even with strong interfer 
eCe. 
. An oscillator according to Fig. 1 may be 
used to remove moderate interference from a 
particular signal pulse train by adding a gating 
pentode valve to the suppressor grid to which 
are applied in positive sense short gating pulses 
derived by differentiation from the screen grid 
of the wave in Fig. 1. The signal pulse train 
is applied to terminal 7 of Fig. 1 and also to the 
control grid of the gating pentode, which will 
be opened only at the instants when the signal 
pulses are due to arrive. In this way the inter 
ference will be cut off. Preferably the signal 
pulses are applied to the gating valve after a 
slight delay in order to ensure that the gate 
Will always open in time. The duration of the 
gating pulse may be adjusted by known methods 
so that the signal pulses Will not be curtailed. 

Fig. 4 shows a multivibrator of the kind de 
Scribed With reference to FigS. i to 3 to Which 
has been added a self-gating arrangement by 
means of which false operation due to strong 
interference accompanying the Synchronising 
pulses may be prevented. The multiVibrator is 
shown by the block 2. Which conprises the 
elements shown in Fig. i. Only the terminals 
which are used for connection to the gating cir 
cuit are shown, and are given the same desig 
nations as in Fig. 1. A gating valve 2 has its 
anode connected to the positive high tension 
terminal 22 through an anode load resistance 
23. It will be understood, of course, that a com 
non high tension Supply may be used, if de 
sired, for the valve 2 and for the multivibrator 
20. The screen grid is connected directly to the 
terminal 22, and the cathods is Suitably biassed 
positively by connection to the junction point 
of two resistances 24 and 25 connected in Series 
between terminal 22 and the earth terminal 26. 
A cathode by-pass condenser 27 shunts the re 
sistance 25. The Synchronising pulses are ap 
plied to the input terminal 28 and thence through 
a blocking condenser 29 to the control grid of 
the valve 2, the usual grid resistance 3 being 
provided. 
The pulses from the screen grid of the valve 
of the multivibrator 2 (see Fig. 1) are applied 

through the terminal 5 and through a trans 
former 3 to a delay network 32 of any suitable 
type (Such as a transmission line consisting of 
series inductances and shunt condensers) to the 
suppressor grid of the valve 2 . A suitable ter 
minating resistance 33 is provided. Finally, the 

Other embodiments of the 
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anode of the valve 2 is connected through a 
blocking condenser 34 and terminal 9 to the 
anode of the valve of the multivibrator 20 
(see Fig. 1). 
The elementS 5 and 6 (Fig. 1) should be 

chosen to produce suitable short differentiated 
pulses which are inverted by the transformer 
3f (Fig. 4). Short positive pulses of which the 
leading edges coincide with the leading edges of 
the corresponding negative screen grid pulses will 
be obtained, followed by short negative pulses 
which have no effect. The positive pulses are 
suitably delayed (for example by about iO0 mi 
croseconds) and are applied to the SuppreSSOr 
grid of the valve 2. 

Positive synchronising signals applied at the 
terminal 28 are amplified and inverted by the 
valve 2 and are applied negatively to the anode 
of the valve (Fig. 1) about 10 microSeconds 
before the circuit would normally emit a pulse 
when uncontrolled, thus synchronising the mul 
tivibrator. The valve 2 f is biassed so that it is 
normally blocked, but is unblocked by the pulses 
derived from the multivibrator itself. The delay 
introduced by the network 32 should be such 
that when a synchronising pulse is due to ar 
rive, the valve 2 is just unblocked in time by 
a pulse derived from the preceding Synchronis 
ing pulse. Thus the valve (Fig. 1) cannot be 
affected by pulses or by any interfering signals 
except during the Specified 10 microseconds in 
terval. In this way interfering signals of large 
amplitude are practically prevented from pro 
ducing false operation and accurate Synchroni 
sation by the desired pulse train is ensured. 
The modification of Fig. 4 which is shown in 

Fig. 5 is adapted for synchronising the multivi 
orator to a train of pulses, or for Selecting a given 
train of pulses from other trains by automatic 

it frequency control without directly controlling the 

3. 
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times of emission of the generated pulses. Those 
elements of Fig. 5 Which are the same as ele 
inents of Fig. 4 ha, We been given the Sane desig 
nation numbers and Will not be again described. 

' The transformer. 3 and the delay network 32 
are not required in the case of Fig. 5 and have 
been Onitted, the output terminal 5 of the mull 
tivibrator 20 being Connected directly to the Sup 
pressor grid of the valve 2. The anode is con 
nected to the terminal 22 through a winding 35 
which is inductively coupled with the inductance 
element of the multiVibrator. 2) as indicated in 
Fig. 5. Thus the stabilising resonant circuit is in 
this case a tuned transformer. It Will be under 
stood, of course, that the elements and 8 may 
be Connected in the same Way as in Fig. 1. The 
elements 23 and 34 of Fig. 1 are of course not 
required in Fig. 5 and have been omitted. 
As in the case of Fig. 4, the output pulses from 

the nultivibratoi are preferably differentiated to 
produce short positive pulses alternately with 
negative pulses which are not used. The positive 
pulses applied to the suppressor grid of the valve 
2 unblock the valve for the duration of the input 
pulses which are applied at terminal 28 as before, 
together with any interfering signals which may 
be mixed therewith. Pulses which coincide with 
the unblocking pulses appear in the anode circuit 
and are applied to the tuned transformer 7, 35. 
According to the manner in Which the connec 
tions to the Windings have been poled, these Will 
advance or retard the phase of the ringing of the 
resonant circuit, so Synchronising the multivi 
brator to the applied pulse train. 

It will be seen that since the unblocking pulses 
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are positive, they will correspond with the trail 
ing edges of the pulses generated by the Sup 
pressor grid of the valve t in the multivibrator 
20, and therefore with the trailing edges of the 
cathode pulses. These trailing edges correspond 
in time with the extreme negative peaks of the 
ringing voltage waves of the resonant circuit , 
8. By suitable choice of the natural period of 
this circuit, the trailing edges of the gating pulses 
can be made to correspond closely with the initial 
instants of zero voltage of the ringing Oscilla 
tions, so that pulses arriving from the valve 2 
at such instants cause a quadrature drive to the 
ringing circuit, and therefore they exert a phase 
advancing or retarding influence. 
tion frequency of the pulses generated by the 
multivibrator when uncontrolled is Supposed to 
be slightly lower than that of the Synchronising 
pulse trains, then the transformer 7, 35 should 
be poled so that when such synchronising pulse 
rides on the sloping trailing edge of the corre 
sponding unblocking pulse, a quadrature phase 
advancing drive is applied to the ringing circuit 
and therefore the oscillation period will be slight 
ly shortened to maintain the Synchronism. 

If it is desired to synchronise to a pulse train 
of slightly lower repetition frequency than that 
of the multivibrator, one of the transformer 
windings should be reversed in order that the 
gated pulses. may retard the phase of the ringing 3 
circuit. 
For actually selecting the desired pulse train 

a second gating valve (not shown) is preferably 
provided with the gating pulses applied to the 
suppressor grid through a network, including a 
suitable delay so that the gate may be fully 
opened for the whole periods of the pulses. 
What is claimed is: 

. A Stabilised electric. multiVibrator compris 
ing a thermionic valve having in the order named, " 
a cathode, first, second, and third grid electrodes 
and an anode; an operating. Source therefor hay 
ing a substantially constant unidirectional poten 
tial; first and second resistances connecting the 
positive terminal of the said Source to the anode 
and first grid electrode respectively; a third re 
sistance connecting the cathode to the negative 
terminal of the said source; a condenser connect 
ing the anode to the first grid electrode; means 
for applying a constant positive potential to the 
third grid electrode with reference to the nega 
tive terminal of the said source; a resonant circuit 
connected in series with the cathode; and means 
for deriving output pulses from the Second grid 
electrode. 

2. A multivibrator according to claim 1, in 
which the resonant circuit comprises an induct 
ance shunted by a condenser. 

3. A multivibrator according to claim i in 
Which the resonance frequency of the resonant 
circuit is selected to be betWeen five and ten times 
the repetition frequency of the pulses, generated 
by the multivibrator. 

If the repeti 
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4. A multivibrator according to claim Com 

prising means for preventing the potential of the 
first grid electrode from becoming positive with 
respect to that of the third grid electrode. 

5. A multivibrator according to claim. 4 in 
which the said means comprises a diode having 
its anode connected to the first grid electrode and 
its cathode connected to the third grid electrode. 

6. A multivibrator according to claim ... COms 
prising means for applying Synchronising pulses 
to the cathode circuit. 

7. A multivibrator according to claim 1 includ 
ing an inductive winding coupled to the said in 
ductance, and means for applying Synchronising 
pulses to the inductive winding. 

8. A multivibrator according to claim 1 in 
cluding means for applying Synchronising pulses 
to the anode. 

9. A multivibrator according to claim 1 include 
ing a gating Valve having a Cathode, anode, con 
trol grid and Suppressor grid, means for applying 
a blocking bias to the said gating valve, means 
for applying a train of input pulses to the cons 
trol grid of the gating, valve, means for applying 
Output pulses from the gating valve to Syn 
chronise the multivibrator, and means for apply 
ing output pulses from the multivibrator to un 
block the gating valve to enable it to admit each 
input pulse when it is due to arrive. 

10. A multivibrator according to claim. 9 in 
Which the means for applying the output pulses 
from the gating Valve comprises means for con 
necting the anodes of the multivibrator and gat 
ing Valves, and in Which the means, for applying 

; pulses to unblock the gating valve comprises a 
delay network connected between the second grid 
electrode of the multivibrator valve and the Sup 
preSSOr grid Of the gating Valve. 

11. A multivibrator according to claim 9 in 
which the means for applying the output pulses 
from the gating Valve comprises means for in 
ductively coupling the anode of the gating valve 
to the said resonant circuit, and in which the 
means for applying pulses to unblock the gating 
Valve comprises means for connecting the second 
grid electrode of the multivibrator valve to the 
SuppreSSOr grid of the gating valve. 

CHARES WILLIAM EARP. 
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