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1

This invention relates to the operation of elec-
tronic vacuum tubes or valves.

In vacuum tubes or “hard” valves having an
emissive cathode, an anode and an interposed
erid, it is generally known that if the grid has a
negative bias in excess of the so-called contact
potential with reference to the cathode, no orid
current will flow provided that the vacuum is hard
enouch. In fact this property of the valve is used
to determine the degree of the vacuum of the
valve in manufacture, namely if the vacuum 1s in-
sufficiently high the normal electron stream flow-
ing from cathode to anode will cause ionisation of
the residual gas molecules, the negative ions join-
ing the electron stream fowing to the anode
which is the most positive electrode augmenting
the anode current, whilst the positive ions will
fiow independently to the grid which In the con-
dition under review is the most negative electrode.

10

On touching the grid the positive ions will extract 20

electrons from the grid and form neutral gas
molecules again. These electrons leaving the orid
constitute g grid current which can be measured
in the D. C. grid circuit and has the same direc-
tior of flow as if the grid itself were emissive.

Tt is clear that this current, besides being pro-
portional to the anode current, is also proportional
to the gas content of the evacuated vessel. Hence
if the vacuum is very high this current is so very
«mall that it can be considered non-existent from
all practical, technical points of view.

if in a valve in which the vacuum is high
enough so that this type of grid current will not
flow, we move the grid bias gradually from nega-
tive in a positive direction, a point will be reached
as we approach zero, i. e. the cathode potential,
when the grid will begin to attract electrons {rom
the main electron stream flowing to the anode.
Tn fact the egrid will act as a subsidiary anode.
The direction of current flow in the grid circuit is
now opposite to that discussed above. As this di-
rection of current filow, however, is the same as the
anode current flow it is called “forward grid cur-
rent” (or just “grid current”) whilst the previ-
ously mentioned gas current is called “inverse grid
current.” | |

Having now clearly defined those static poten-
tial conditions which must prevail so that no grid
current, will flow, we will lead up 1o examining a
dynamic phenomenon the comprehension of
which is essential to a clear understanding of the
subject matter of the present invention which
consists essentially of an electronic circuit ar-
rangement comprising a discharge device having
cathode and anode the discharge between which
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is governed by an accelerating field on either sid
of which there are control fields, an output circuit
responsive to the power variations of the dis-
charge due to the action of the control fields,
characterised in that oscillations of an amplitude
sufficient to cut off the main anode current dur-
ing part of the operating cycle are applied to the
contrel means furthest from the cathode and are
coupled to the control means nearest to the cath-
ode by the electrons cut off from reaching the
main anode being reversed in flow with sufficient
kinetic energy to cause them to return through
the interrosed accelerator means to excite the
control means nearest to the cathode, whereby the
output power is modulated by a change In the
phase angle of the oscillations of the control
means nearest the cathode.

In the following description, it is 10 be assumed
that the vacuum is hard enough for ne gas current
of any appreciable magnitude to flow.

Figs. 110 4 are schematie diagrams which show,
for tubes with different grid arrangements, the
changing direction of travel of a pulse or bunch
of electrons during s time peried of a few micro-

= seconds after the electrons leave the cathode;

Frig. b is a diagram of a mulitigrid tube and asso-
ciated circuit embodying the invention; |

Fig. 6 is a curve sheet showing the variation of
anode current with frequency shift when the Fig.
5 apparatus is operated as a frequency-shift dis-
criminator or detector;

Fig. 7 is a fragmentary circuit diagram of &
multiple grid tube operated as a trigger relay; and

Fig. 8 is g curve sheet showing the sharp varia-
tion in anode current with small change in the
oscillator voltage input to the dynamic grid cur-
rent tube.

Considering the case of the normal flow of
electrons in a triode valve as described above, and
illustrated in Figure 1. On the left-hand side a
simple representation is shown of a triode having
g, cathode which is emissive either by thermionic
or other physical phenomena, a grid and an anode
each having normal cperating potentials. Cur-
rent meters are inserted into these two electrode
leads. |

It is known that the electrons leaving the cath-
ode having a slight negative charge with refer-
ence te the cathode are repelled by the Iarger
negative potential of the grid and thus form the
sg-called cathode-space-charge which is a cloud
of electrons in a state of instantaneous zero veloc-
ity in a forward direction but which may have a
sideways velocity without affecting matters at all.
This instantaneous condition is due to the fact
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that the electrons have emerged at varying veloci-
tles from the cathode surface, have reached this
point in space together with a large number of
other electrons all having a negative charge and
hence g decelerating influence on each other, and
unless attracted by some cother influence will re-
verse their direction and move back to the cath-
cde. Hence the number of electrons in the cath-
ode space 1s at equilibrium. The point at which
these electrons reverse their direction is at a lesser
or greater distance from the cathode according
to the different initial velocity (according to the
law of probability) of the original cathode emis-
sion.

some of the faster moving electrons actually
reach so far away from the cathode before en-
tirely losing velocity that they come within the
influence of the vositive anode field which pene-
trates through the interstices of the grid, that

they are re-accelerated in the direction of the .

anode, iy through the grid and ultimately reach
the anode at varying velocities. The right-hand
side diagram of Figure 1 shows a transit-time
versus distance diagram, the time axis represent-
ing an arbitrary time interval of the order of
16—7 to 10-8 gseconds but naturaly this depends
on the operating conditions, distances ete. of the
actual valve structure. In this diagram it is im-
agined that the cathode is only emissive for an

Infinitely small instant and this pulse of emission

1s examined.

It will be seen that at point o at the com-
mencement of the phenomenon electrons of vary-
ing speed are emitted, the slope of the curve repre-
senting speed (distance traversed over time).
The slower moving ones all return to the cathode
by the time ¢! is reached, some of the slower ones
arriving back at the cathode even earlier.
faster ones, however, approach the grid and still
continue to rise and arrive ultimately at the
anode at a varying speed, every electron arriving
there by 71, the mean transit time, however, for
the entire anode current pulse being fm.

Having explained this method of notation and
illustration in the simple case, let us examine
Figure 2, when we assume the anode to be per-
forated or to be of a grid-like structure and has
beyond it a further electrode which for the mo-
ment we will consider to be at a potential at
which it will neither attract nor repel electrons.
in this case any electron flying towards a gap in
the anode will fly through this having reached its
maximum velocity in the moment of transit,
shown on the right-hand diasram of Figure 2
at tmi, the anode having acted as an accelerator
to the electron while it was approaching from the
cathode but as soon at it passes through the gap
in the anode the latter will act as a brake or
decelerator, reducing the forward velocity of the
electron to zero. 'Then the electron will be re-
accelerated in the opposite direction until it
reachss the anocde again at tmls,

If by chance it falls towards a gap in the anode
from this opposite direction and provided its path
1s not barred by an overwhelming mass of elec-
trons coming direct from the cathode (which in
this case of the examination of an electron emis-
sion pulse is not the case), it will again pass
through the gap at maximum spsed, will then
again lose velocity to zero and reverse, repeating
the above sequence, passing through the anode st
tmi, going above the anode, reversing again,
returning to the anode at im' and so on.

Of course, if we consider a larger number of
electrons the laws of probability will cause 3
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gradual decrease in the numbker of electrons re-
peating this periodic oscilliation due to the ab-
sorption of a large proportion of electrons by the
solid parts of the axode at each permd of thls

- oscillation,

It will be noticed that the electrode beyond
the anode has no effect on this phenomenon as
we have presupposed it to have a neutral poten-
tial. The same also applies to the grid before the
anode which is alsc at such a neutral potential.

Under these circumstances, in addition to the
cathode space charge above defined, marked 1st
space charge (on Figure 2), two other space
charges occur, one beyond the anode, i. e. the
accelerator grid, marked 2nd space charge and
one before the accelerator grid, marked 3rd space
charge which is due to the reversed electrons.
The actual position of these subsidiary space
charges depends on all sorts of conditions, prin-
cipally on the voltage conditions prevailing on
the accelerator electrode but also on the voltage
of the other two negative electrodes. If the po-
tential of the farthest negative electrode is not
neutral as above supposed but more negative, the |
poiny of zerc forward velecity will be nearer to
the anode, i. e. the accelerator grid, and con-
versely. If the first negative control electrode is
more negative then the tetal number of elecirons
in the two subsidiary space charges will be re-
duced and the space charges can disappear en-

tirely if the first control electrode has a negative

potential large enough to cut off the ancde cur-
rent. 'This is ¢alled the cut-off grid potential.

Let us now add a further secornd anode outside
this structure and consider what happens whilst
looking at Figure 3. The time distance diagram
on the right shows that up to the time #m! the
phenomenon has exactly the same sequence as in
Figure 2 and Figure 1. Thereafter in addition
to the slower moving electrons which emerge
through the interstices of the first anode per-
forming a similar phenomenon to that referred
to in Figure 2, the faster moving ones which
reach ifurther away from the first anode come
under the attractive infiuence of the second anode
whose positive field penetrates through the inter-
stices of the negative second control grid and pass
through this negative control grid and reach the
second anode at tirme ¢mil gpproximately, ali
reaching the second anode at time fagl.

To complete the description of the phenome-
non these high velocity electrons reaching the
second anode cause the emission of secondary
electrons from the anode which have iow velocity
and hence after leaving the anode in a reverse
direction immediately revert to the anode, finish-
ing their excursion tqil. 'These secondaries form
a small secondary space charge which in the left-
hand diagram is the fourth one nearest tg the
second anocde represented by the dotted eloud.
This final explanatory point has only been intro-
duced for the sake of clarity and none of the sub-
sidiary phenomensg has anythlnﬂ‘ to do with these
secondary elecirons.

We have now sufficient data to describe the
subject-matter of the invention as follows:
Throughout the above phenomena no srid cur-
rent flows in grid { cireuit and these voltage con-
ditions will be maintained, i. e. we wiil make the
control grids have a voltage sufficiently neegative
with relation to the cathode for just no srid cur-
rent to flow, but if it were slightly less negative
some grid current (of the normal forward type)
would flow.

If we now apply an oscillatory potential to the
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necative second control grid, and shift its own
potential to a point when under no circumstances
of its oscillatory voltage excursion does it draw
orid current, we can make the space charge be-
tween the first anode (accelerator grid) and the
second control grid oscillate in pesition moving
nearer to the accelerator when the oscillating
voltage on the second conftrol grid is more nega-
tive. The quantity of electrons in this space
charee is not materially afected, nor is the quan-
tity of electrons in the space charge beneath the
second accelerator materially affected though
some variation in this is bound to occur.

If the osciliatory voltage on the second comntrol
electrode has g relatively low frequency no effect
will be introduced on grid { in spite of the capac-
ity coupling between control grid 2 and control
orid §. However, if the osciliator frequency is &
very high freqguency whose period is comparaple
to the transit time, a grid current will fiow in grid
i circuit in spite of the insertion of a complete
de-coupling filter circuit which maintains the
orid | at a fixed potential with reference to the
cathode and eliminates the capacity coupling.

The grid current is due to the following se-
guence of occurrences: Hlectrons have finite
thoueh exceadingly small mass and hence their
emission is not entirely free from Inertia when
dealing with time intervals smaller than 2 micro-
second (18-% second). Hence it takes ceriain
exceedingly small time for an electron to traverse
the space between the elecirodes as indicated in
the time distance diagrams discussed above. This
is called the transit time. |

If we imagine the electrons forming the spacs
charze between the accelerator and the seconad
control grld to emerge from the interstices of the
accelerator electrode during tihe second half of
the tlme interval tm! to tmll (Figure 4) they are
moving ‘“en masse” in the reverse direction to-
wards the first anode electrode just as the welght
on a pendulum moving towards the neutral posi-
tion after its initial excursicn in one direction.
If at the same time the dynamiec voltage on the
second control siectrode goes from Zero 10 a rela-
tively high negative value at the same spead, 1. e.
in the same short time interval as the electrons
are on their own account moving back towards the
first anode: the action that takes place is similar
to giving the pendulum weight akove illustrated
g, large impulse in the direction in which it is
already moving. Clearly this will ilmpart so much
kinetic energy to the weight vhat 1§ wiil swing
on the other side of the neutral position very much
farther than it weuld have done on its own ac-
count. The same thing happens with these elec-

rons under discuszion, i. e. if the pericd of the
oscillation is commensurabe with the transit time
of the electrons emerging from the interstices of
the first anode, the kinetic energy imparted in
an opposite direction to the normal flow of elec-
trons from cathode to anode will be so great at
the moment when the voltage on the second
control grid approaches its own cul-ciT potential
that the electrons so reversed will actually reacn
the first control grid and have sufficient kinetic
energy to force themselves into this grid. This
causes the “kinetic” grid current to 1low as above
described and to stop it we must move the grid
bias of this first control grid to a greater nega-
tive value so that it has increased repulsion to
act as a cushion for these high kinetic energy
electrons.

It can be experimentally demonstrated, as de-
seribed in my article of August 10, 1939, in the
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wWireless World entitled “Parasitic Oscillation in
Frequency Changers,” that to avoid this kinetic
orid current the grid has to become increasingly
negative as the frequency is increased, and also
as the oscillator amplitude on the second control
electrode is increased. The law relating to
‘“kinetic grid current’’ shows it to be directly pro-
portional to the effective grid volls and approxi-
mately proportional to the square of the frequency
within the range of frequencies examined (30 to
120 megsaceyceles).

1t is more than likely that the law is not strictly
square law but is a composite law; though this
still requires further investigation at still higher
freguencies. |

The purpose of the inventicn is to make use oi
this kinetic grid current which hitherto i1as been
considered a parasitic phenomenon and a nui-
sance, as follows: Viewing Figure 9, 1f a resonance
cirenit is connected to grid { of a multi-grid valve,
orid 2 acting as @& positive accelerator, grid 35
having a high frequency oscillation of say 1U
megacycies or more impressed uypon it, the “kinetvic
electrons’” reaching the first grid aifter grid 3
aporoached its own cut-off potential, will cause
s, uni-directional high impedance coupling he-
tween the coscillation on grid 3 and resonant cir-
cuit connected to grid | which will excite the
resonant circuit and cause it to oscillate, this
causing grid { to follow an approximavely sinu-
soidal voltage seguence. 'This coupling 13 very
much greater than if it were due only to the
capacity coupling between these grids which is
only of the order of 0.1 up ¥. The smailer the
damping on this cireuit, i. e. the higher the “Q”
of the circuit, the more truly sinusoidal becomes
its oscillation thougn it is caused by periodic
pulses as described above. By suitably adjusting
the inductance and capacitance of the tuned cir-
cuit one can varv the phase of the first control
orid A. C. voltage with reference to the second
control grid A. C. voltage.

Tt is known that the second anode current of
the valve will have a magnitude proportional to
the multiple of the two oscillatory voltages, hience
it can be shown that the anode current wiil have
o component twice the frequency of the oscillater
frequency and also a D. C. component pIropor-
tional to the cosine of the phase angle between
the two control veltages.

Ta=c{FE; sin wot) (¥; sin wot}+a)=

CEéEz lcos (2 wot+a)—cos «]

If we filter out the higher frequencies from the
second anode circuit we are left with an anode
current only varying due to the variation in phase
angle mentioned above.

UUnder these circumstances, if the tuned cireuit
onn grid { has a constant tuning (which can if
desired be maintained by g resonant plezo-elec-
tric erystal, or the whole circuit can be substituted
bv a crystal in any known mnanner) and tioe ire-
guency on the second control grid is varied or
modulated the D. C. anode current of the second
anode will vary very rapidly from a maximum
value when the phase angle is approximasiely zero
to g minimum value when the phase angle 1s
approximately 1806°, as shown by the thick line in
Figure 6. Clearly this arrangement fcrms an ideal
frequency modulated carrier de-modulator of ex-
tremely high efficiency as shown in Figure 6 in
which the slope of the anode current change to
change in frequency is proportional to the square
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of the @ multiplied by the square of the voltage
multiplied by the fundamental frequency raised
to a power which in the frequencies between 10
and 120 megacycles approximates to the square.

'The present invention is based on the realisa-
tion of the fact that in this F. M. demodulator
circuit, if the negative amplitude of the grid volt-
age greatly exceeds the cut-off value and by a
simple grid-leak-grid-condenser limiter is not
allowed to exceed zero voltage in a positive direc-
tionn to any appreciable degree, i. e. if the second
conttrol grid is overloaded, the demodulation slope
of the device is very great due to the very high
kinetic energy imparted to the electrons moving
vo grid | and thus exciting this too to a very large
amplitude osciliation. But due to the control on
the second ancde current being in the form of
what amounis to square waves of fixed amplitude,
the demodulation slope is constant and independ-
ent of the carrier amplitude. Thus if this device
is the demodulator in an F. M. receiver, the device
acls as its own amplitude limiter. As this func-
tion plus the demodulator function is usually ac-
complished by three or more valves, the new de-
vice consisting of only one valve is clearly of con-
siderable advantage (the valve can be g simple
pentode or a hexcde etc., the incorporated triode
shown in Figure 5 not being required for this
demodulating purpose).

Figure b shows an example of g device in ac-
cordance with the invention for converting fre-
quency shiit or frequency modulation input into
input circuif power variations with the oscilla-
tion generator incorporated in the form of a self-
contained triode and associated circuits.
valve iIs a triode-hexode of the type in which the
triode grid is internally connected to the third
grid of the hexode whose function is that of sec-
ond centrol grid. In the output anode circuit a
filter network is included consisting of inductance
¢t and two capacitances k£ and § followed by an
output power dissipating device: this can be g
simple current meter or a loading resistance or
impedance across which a voltage drop will ap-
pear, or the like, in which the power variations
of the device can be developed.

The accelersior anodes of the hexode valve
are supplied with positive potential (with refer-
ence to the cathode) by known means of keeping
this potential constant, for instance by a series
resistance ! connecting them to the source of
positive potential and a shunt means of stabilisa~
tion which can be a condenser m (or a gas dis-
charge stabiliser or any other device having =z
large capacitance e. g. a floating battery or the
iike). The osciliator anode is fed through a feed
impedance n and the grid through a grid leak o,
both having known functions, and tend to make
the oscillator less dependent on supply voltage
fluctuations than if they were absent.

The function of condensers p and g is to make
the oscillator tuned circuit consisting of con-
densers r and s, and inductance ¢ (either of which
may be variable) independent of the D. C. poten-
tials of the tricde anode w and grid. The tuned
circuit connected to the hexode control grid near-
est to the catnode and which is excited by the
kinetic grid current effect consisting of induct-
ance v and capacitance u (either of which may be
variable) and which can be tuned to the mean
freguency of the osciliator or to any desired part
of the fregquency sweep.of the frequency modu-

lated oscillator.
The particular setting of this tuning with ref-

erence to the instantanecus oscillator frequency
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determines the amount of output circuit current
Ia (on Figure 6) or power, being developed. |

The grid bias of the first control grid of the
hexode is shown connected for convenience to the
negative end of the heater circuit battery (but
can clearly be fed from any suitable source of
negative potential). _

The frequency-shift discrimination sensitivity
of this device is also exceedingly high, and thus
it can be used as a capacity change detector hav-
ing a sensitivity of the order of ImA/10-13 fgrads
which increases with frequency. The device can
also act as an inductance variation detector capa-
ble of use in many ways. As examples of this
type of application one can mention the direct
radio-frequency conversion of mechanical dis-
placement into voltage or current change, such
as the displacement of the diaphragm of a con-
denser microphone, a condenser pick-up for
gramophones or the like detection of irregulari-
ties In a surface, or variation of minute dimen-
sions (ultra micrometer) etc., the displacement
of the core of the inductance by minute amounts,
the detection of frequency or phase shift and the
like.

In many such instrument applications it is
necessary to enable the exceedingly sensitive de-
vice to function without being seriously affected
by operating conditions of the valve such as mains
voltage variations and the like and hence it may
be necessary to balance out fluctuations in applied
potentials, also the frequency drift of the basic
oscillator by the use of a balanced circuit com-
prising two similar devices, the difference in out-
put of the two giving the desired indication whilst
drift of both in one direction due to operating
conditions having negligible effect on the indi-
cator.

The general conception of balancing two de-
vices in this manner is known but particular ad-
vantage can be derived by the following arrange-
ment:

If for example circuit shown in Figure 5 is
considered and two valves are to be used in a
balanced manner the output meter shown can be
substituted in both valve anode circuits by a dif-
ference indicating instrument of known type or a
balanced bridge type output load circuit. In
various applications it will be of advantage to
leave one device undisturbed by the outside phys-
ical phenomenon to be converted and to apply
such phase shifting phenomenon to the other de-
vice only. In this case the preliminary set up
can provide for the synchronisation of the two
oscillators either by operating them in parallel
or in push-pull the two circuits v and v connected
to the first control grid being independent. One
having the external change applied for example
to the condenser u, or the inductance », or both.

The difference indicator in the anode circuits
will show a signal with the same high order of
sensitivity as that mentioned above for one valve
but with considerably reduced dependence on
fluctuating operating conditions.

Further possibilities in connection with the use
of two devices which according to the applica-
tion present various advantages are to make the
initial set up before the application of the ex-
ternal signal so that the phase relationship be-
tween the control voltages on the two control
grids of one valve are in quadrature thereby ob-
taining an anode current from this valve of the

value represented by the horizontal line in Figure

6, 1. e. substantially in the middle of the operat-

ing region of the demodulation slope of the line,
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This permits the signal to be detected in an
incremental or decremental sense equally well.
To balance this condition in one vaive the other
valve can also be set to have an internal phase-
relationship in guadrature.

According to the conditions of the particular
aoplication it is possible to arrange that corre-
sponding grids in the two valves have a mutual
in phase or out of phase relation or a mutual
quadrature relation.

In some applications where the very greatest
sensitivity is reqmrﬂd o further greup of pos-
sibilities exist.

Two different types of triode hexode valves
exist. A type in which the triode grid is internal-
1y linked to the hexcde control grid farthest from
the cathode (as shown In Figure 5) and a type in
which the triode grid is internally linked to the
hexode control grid nearest to the cathode.

If one combines two such dissimilar types hav~
ing otherwise similar characteristics special ad-
vantaces can ke obtained as follows:

The quadrature relation in one can be ob-
tained in a leading sense and in the other in a
lagging sense i. e, for instance the grids con-
nected to the oseillator triodes can be in phase
opposition whilst the two other grids are in phase
hence any change applied from an external sig-
nal which alters the reactance of the circuit con-
nected to the two in phase grids, causes, an ex-
ceedingly sudden change from the initial quad-
rature relation with halanced anode currents cor-
responding to the horizontal line in Figure 6
in both valves, to an entirely out of halance con-
dition when in one valve the maximum current
flows whilst in the cther the minimum.

The combination of dissimilar valve types can
of course be made use of alsg with other initial
phase relaticnshins vroviding different features.
For instance if both valves are set to pass mini-
mum current (per Figure §) without outside sig-
nal one valve ean be made to ignore the input
signal if it has an incremental sense, whilst the
other responds to it and vice versa if the input
signal is in a decramental sense. This type of
sense discrimingation having special advantages
for instance in navigational instrumentis, such as
automatic pilots, blind landing apparatus and
oconiometric applications and the like. As a gen-
eral rule it can be said that the sensitivity and
stability of operstion in all these circuits in-
creases as the oscillation amplitude increases be-
vond the linear limits of the valves i. e. when the
oscillations become amplitude limited.

Where the instruinent in which the device, ac-
cording to the invention. is used has for its pur-
pose the detection of radiant energyv or the re-
ception of 2 message or communication trans-

mitted by modulation of such radiant energy it

is possible to connect the radiation detector such
as 9 photo-cell and the like in a manner so that
it upsets the phase relationship of the quiescent
condition in many ways and the detection takes
place on the sloped part “S” of curve Figure 6.

It is alsc possible to use a radiation detector of
2, non linear type (stich as one relying on a bar-
rier-layer phenomenon for its operation) con-
nected into the reactive circuif u, v, above de-
seribed in a manner that irradiation causes shift
in the phase response of this circuit to the fre-
gquency produced by the oscillator circuit.

It is also possible to use a radiation -detector
which alters its capacitance or its inductance (or
both) when irradiated and this can be incorpo-
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rated in part of the reactwe circuit, » and u In
Figure 5.

However, if the simple detection of a change in
radiation is required with a very high sensitivity
hut without regard to the ability to discriminate
the degree to which this cccurs (i. e. in picture
transmission without regard to half tones but
only responding to black or white) a preferred
manner of operation is to set the device to op-
erate at one of its extreme points of operation
(say at the maximum anocde current or the mini-
mum anode current part of the curve in Figure
8) and to arrancge the radiation detector shunted
across the reactive circuit v, u (Figure 5).

The operation will then become different in so
far as, in the unirradiated condition the maxi-
mum or minimum anode current will flow in the
valve whilst when irradiated the radiation detec-
tor (which shall be of a type changing its im-
pedance from a very high value (practically in-
finity) to a comparatively low value) will damp
the low loss reactive circuit to such an extent that
the anode current suddenly reverts to substan-
tially the value represented by the horizontal line
(Figure 6). The anocdse current reverting to the
above extreme value, when the irradiation
ceases, in a very short time interval, the speed
of operation being inversely proportmnal to the
“Q” value of the reactive circuit.

In any device where any physical phenomens
can be chaneged into a variation of capacitance
or a variation of inductance or, for that matter,
a, variation of both or a variation of either com-
hined with s wvariation of resistance ete. such
change can be resolved into a current or voltage

change with this exceedingly sensitive device.

Ficure 6 shows that outside the boundaries of
Af the anode current varies in a complex manner
depending on circumstances not yet investigated
as they have no bearing on the present invention.
These parts of the curve are shown dotited in
Fisure 6. Figure 7 shows a high vacuum pentode
device used 2s a trigger reiay, the individual
parts of the circuit are designated with references
similar to those in Figure 5 except the generator
of high frequency oscillations in this case is as-
sumed to be 2 sepa.ra,tﬂ device shown symbolically
23 7 which iz snoewmn to pe {resuenoy staninsed oy
having connected thereto a piezo-electric crystal
X2 through a condenser X.

It is sometimes found necessary to insert re-
sistance ! into the second control grid lead to
make this grid act as a more effective limiter in
known manner,

The resonator circuit, consisting of »* and u!
both of which can be variable is shown to be fre-
guency controlled b the relcnani npiIezo-gisciric
erystal xi. 'This can be compressed by the appli-
cation of a polarizing potential applied as an
input gt ferminels marksd “in” vig I, ¥, caoze
y and 1solated from the resonator clrcmt from the
D. C. point of view by condenser g*. For con-
venience grid bias is applied to the first control
egrid by its own action as an amplitude limiter
causing a voltage to be built up across the series
oerid recgistor g! by the grid current that flod
during the periods corresponding to the chpped
off peaks of the amplitude limited waves. A con-
denger dl shunts the resistor ¢l.

By the action of this polarizing voltage the
resonant frequency of crystal x:1 is shifted and
hence the phase angle of the oscillating voltage
(built up on the resonant circuit »! and u!) with
reference to the exciting oscillator voltage. It is
obvious that without departing from the spirit
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of the invention this shift in phase angle caﬁ also
be produced by the input energy being applied to

the crystal Xz instead of Xi. Furthermore the

Input energy can be made to influence the in-

ductive or capacitive components of the resonator
or oscillator directly for instance by causing the
input energy to alter the permeability of the core

of the inductance v! or by causing it to alter the

dielectric constant of condenser %1 or the like.
In this case both control grids are overloaded,
1. e. the A, C. signal on them exceeds the negative
grid bias range of the valve, and hence the main
anode current which is the main circuit current
(shown thick line) can be switched on and off by
input voltage control. This control voltage can
lbe applied either to the riezo-electric crystal
thereby altering the natural frequency thereof
and controlling the frequency discrimination of

the circuit network »! and u! attached to control

grid nearest to the cathode or to a crystal con-

trolling the frequency of the oscillator or by any

other voltage, or current operated tuning shift
converter system. |

In this case the anode current of the device

follows a law as that shown by the full line in
Figure 8 in which the device has either no anode
current at all or rapidly reaches a saturation
value. The anode current attempts to follow a
law similar to that shown in Figure 6 but as this
curve Iis larger than the anode current limits of
the valve we get this reversible trigger
phenomenon.

Clearly a device of this type is superior to a
gas~discharger grid-controlled trigger relay as it
has no inertia up ioc sreeds two o three orders
of magnitude higher than that of the gas-dis-
charge devices.

Also the ancde current can be switched both
“on” and “off”’ by pure grid control,

The size of the main circuit current that can
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be swivched on and off is at present only limited

by the size of multi-control erid valves availgble

and could in theory be developed to very large

sizes given the necessary demand permitting the
manufacture of such large hieh vacuum devices.

if used as a radiation detector with, for in-
stance, a photo-cell, these devices can and prefer-
ably would be so coupled to the circuit that they
can cause a shift in first control grid bias from

a point where the kinetic grid current phenom- !

enon occurs with, say, a minimum anode current
flowing to a point where the absorbed grid cur-
renty damps the resonant svsiem coupled to iy,
causing the anode current to revert to a mean
value,

It is to be understood that the phenomenon of
“space-charge-coupling” is well known and pro-
posals for taking advantage of this phenomenon
have previously heen made, one example which
I am familiar with being disclosed in the specifi-
cation of British Letters Patent No. 487,913 where
it was suggested to use this space-charge-coupling
effect to obtain an unidirectional high impedance
coupling element between the source of the fre-
quency, either constant or variable, and a tuned
cireuit.

In this prior case the circuit contained 2 multi-
grid mixer valve and an oscillatory circuit con-
nected to one grid of the mixed valve and by the
said oscillatory circuit being excited by an un-
modulated or frequency meodulated control DO~
tential applied to another erid of the valve a
change of frequency was converted into current
variations.
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In the arrangements particularly described in
the aforesaid specification the source of oscillg-
tions was connected to the erid nearest to the
cathode of the mixer valve.

It wag indicated in this specification that cur-
rent variations in the output circuit could be
produced by changes of frequency by applying
the source of oscillations to the control grid
furthest from the cathode and exciting the tuned
circuit counnected to the control erid nearest to
the cathode by means of the usual or (tube)
valve capacity.

I have, however, discovered that provided the
pheiromenon which I term “kinetic grid current”
is made use of as a coupling an output current
variasion of greater magnitude is obtained than
1s possible when employing only the valve or tube
capaclty. To obtain this greater magnitude of
current variation, it is necessary to apply an
oscillation amplitude so large that the grid or
grids cut off the anode current during part of
vhie operating cycle during which peried the elec-
trons are returned through the first accelerator
grid in a direction reverse to the normal electron
fiow with sufficient kinetic energy as to reach and
be absorbed by the control grid nearest to the

- cathode and constituting the kinetic grid current.

This will be hest understoed by a consideration
of the phenomenon described with relation to
Figure 4 where it will be observed that the elec-
trons having passed fhrough the first anode (or
first accelerator) after time reference point #ml
have been flung back by the time reference point
tk is reached. |

Thus, so long as the arrangement is stuch that
the control grid furthest from the cathode acts
as an amplitude limiter, cutting off the main
ancde circuit during part of the operating cycle
this greater magnitude of output circuit current
variation will occur.

It will be seen from the foregoing that I have
by my invention, indicated means by which great
advantage can be taken of the existence of the
Kinetic grid current phenomenon hereinbefore
discussed.

Yeclaim:

1. An electronic circuit comprising an electronic
tube having three electrodes in series arrange-
iment between a cathode electrode and an anode
ciectrode, the inner and outer electrodes as meas-
ured ifrom the cathode being control grid elec-
trodes and the intermediate electrode being an
accelerator electrode, voltage source means estab-
lishing relative static potentials on the control
grid electrcdes to prevent flow of grid current,
means maintaining the static potentials of the
anode and accelerating electrode positive with
respect to the cathode, whereby space charges
between the accelerating electrode and the re-
spective control grid electrodes set up control
fieids at opposite sides of said accelerator elec-
trode, input circuit connected between the inner
control grid electrode and the cathode, and a
control circuit connected between the outer con-
trol grid electrode and the cathode to impose
upon said outer control! grid electrode an oscil-
latory voltage of an amplitude sufficient to block
anode current during a part of the oscillatory
cycle and to drive electrons in reverse direction
through the accelerating electrode to reach the
inner control grid, the oscillatory voltage having
a period of the order of the electron transit time
and said input circuit being resonant at approxi-
mately the frequency of said oscillatory voltage,
whereby the instantaneous output power devel-
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oped at the anode is dependent upon the phase
angle between said control fields.

9 An electronic circuit as recited in claim 1, In
combination with means to vary the phase angle
between said control fields, thereby to modulate
the output power developed at the anode.

3. An electronic circuit as recited in claim 2,
wherein said means for varying the phase angle
comprises means for adjusting the resonant fre-
quency of one of said circuits.

4. An electronic circuit as recited in claim 2,
wherein said means for varying the phase angie
comprises means for adjusting the static poten-
tial fields at opposite sides of sald accelerator
electrode.

5. An electronic circuit as recited in claim 1,
wherein the static potential impressed upon one
of the control grid electrodes is such that the
negative half-wave of the oscillatory voltage im-
posed. upon that control grid electrode carries
the instantaneous voltage thereof substantially
beyvond cutoff, thereby to limit the effective am-
plitude of such oscillatory voltage.

6. An electronic circuit as recited in claim 1,
wherein said control circuit includes means for
modulating the oscillatory voltage impressed

O
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upon the outer confrol grid electrode in fre-
quency or phase.

7. An electronic circuit as recited in claim 1,
wherein said control circuit includes an electronic
oscillator.

8. An electronic circuit as recited in.claim 1,
wherein said control circuit includes an electronic
oscillator, said oscillator having the elements
thereof enclosed within the envelope of said tube.

0. An electronic circuit as recited in claim 1,
in combination with a second tube having an ac-
celerator electrode sandwiched between control
orid electrodes and located between a cathode
and anode, said second tube being connected in
balance circuit relation to the said first tube.

JOHN ADOLPH SARGROVE.
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