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1

This invention relates to signal-generating ap-
paratus and more particularly to apparatus for
generating an output current of sawtooth wave-
form. If is a primary object of the present in-

-vention to provide novel and improved appa-
ratus of this type.

In the copending application of Robert Adler,
Serial No. 129,554, filed concurrently herewith for
Electron Discharge Device and Circuits and as-

-signed to the present assignee, there is disclosed:

and claimed a novel type of electron-discharge
device having an electron-discharge path capable
-of passing current of either positive or negative
polarity through an associated load circuit. Brief-

ly, such a device comprises a pair of thermionic:

cathodes spaced from one another along an elec-
tron-discharge path and a control grid disposed
across the path intermediate the cathodes for
controlling electron space current flow therebe-

tween. A device of this type is a versatile new:

tool in the art and is particularly, although not
exclusively, useful in signal-generating apparatus
for generating an output current of sawtooth
waveform.

Signal-generating apparatus for this purpose,

as disclosed and claimed in the Adler application,
comprises a bidirectional. electron-discharge de-
-vice between the cathodes of which is coupled the
series combination of a source of unidirectional

operating potential and a load circuit including an -

inductor. A control signal, preferably comprising
negative-polarity pulses, is applied between the
control grid and one of the cathodes periodically
to render the device non-conductive. The ap-
paratus also comprises means effectively provid-
-ing across the load eircuit inductor a capacity of
magnitude to resonate with the inductor at a
predetermined frequency having a period sub-
“stantially equal to twice the predetermined time
duration of the individual control pulses.

In accordance with one particular feature of
the invention disclosed and claimed in the Adler
-application, the input circuit comprises a feed-
back coil inductively coupled to the output cir-
cuit, and the voltage ratio of the feedback coil
with respect to the output inductor is preferably
-made substantially equal to the reciprocal of the
-effective amplification factor of the bidirectional
electron-discharge device as measured from the
- control grid to the ungrounded cathode. In this
~manner, - the feedback arrangement - provides
negative pulses in the input circuit so that the
ramplitude of the required 1nput-s1gnal pulses is
reduced.

This arrangement, while providing an output
‘eurrent of substantially sawtooth waveform with
a. simple circuit comprising a minimum number
-of components and with a relatively low supply
-voltage, must in practice be actuated periodically
by input pulses. For example, in the event that

(Cl. 250—36)

10

15

20

25

30

35

- 40

45

‘50

55

60

2

one of the input pulses should fail to be applied
to the control grid, the output current continues
to build-up until the next input pulse arrives.
Thus, in some applications, it is possible that the

. electron space current may become excessive,

even to the point of causing failure of the con-
trol tube. Such a difficulty may particularly be
encountered in the application of the circuit to
provide a sawtooth output current for the line-
frequency scanning system of a television receiv-

-er, in which the line-frequency synchronizing
-signal pulses are utilized periodically: to. render
-the tube non-conductive; it is quite possible in

such an application, particularly when the re-
ceiver does not provide for automatic frequency

“control, that a cerfain number of synchronizing-

signal pulses may not be transmitted to the con-
trol grid.

It is, therefore, an important object of the in-
Ventmn to prov1de improved apparatus for gen-
erating an output current of sawtooth waveform.

It is a further object of the present invention
to provide signal-generating apparatus similar
to that disclosed and claimed in the aforemen-
tioned copending Adler application, but which is
not dependent for successful operation upon reg-
ular applicatipn of a control pulse.

Still another object of the invention is to
provide improved signal-generating apparatus
for generating an output current of sawtooth
waveform which may be synchronized by input
signal pulses of substantially shorter duration
than that required for synchronizing the ap-
paratus disclosed and claimed in the ahove iden-
tified copending Adler application.

In accordance with the present 1nvent10n ap-
paratus for generating an output current of saw-
tooth waveform comprises a bidirectional elec-
tron-discharge device having a pair of therm-
ionic cathodes spaced from one another along

‘an electron-discharge path and a control elec-

trode disposed along the electron-discharge path
intermediate the cathodes, and having an effec-
tive amplification factor as measured from the
control grid to one of the cathodes. An output
circuit including an inductor is coupled between
the cathodes, and means are provided for im-
pressing a unidirectional operating potential dif-
ference between the cathodes and in series with
the output circuit. The apparatus also comprises
means effectively providing across the output cir-
cuit inductor a capacity of magnitude to resonate
with that inductor at a predetermined frequency.
An input circuit is. coupled to the control grid
and to the other cathode and comprises a feed-
back coil inductively coupled to the output eircuit )
by a voltage ratio substantially greater than the
reciprocal of the effective amplification factor for
periodically exciting the output circuit into sub-
stantially one-half cycle of self-oscillation at.the
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frequency determined by the output inductor
and the effective capacity thereacross. An in-
put-signal source is coupled to the input circuit
to apply an input signal between the control grid
and the other cathode to control the times of ini-
tiation of the self-oscillation in the output ecir-
cuit.

Throughout the specification and the appended
claims, the term “cathode” is used as definitive
of an electrode which is capable of thermionic
emission and is not intended to be restricted to
an electrode which is connected to the negative
terminal of the external circuit. Furthermore,
the term “bidirectional,” as applied to an elec-
tron-discharge device, is t0 be interpreted to mean
that the device is capable of passing current in
either direction, as contrasted with prior art de-
vices which are unilaterally conductive only. A
“pidirectional” electron-discharge path is thus
construed as one which is defined by terminating
electrodes each of which is capable of supplying
space.electrons, so that space current flow may be
established in either direction by providing ap-
propriate operating potentials.

_The features of the present invention which are
pelieved to be novel are set forth with particu-
.larity in the appended claims. The invention, to-
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gether with further objects and advantages there- .

of, may best be understood, however, by reference
to. the following description taken in connection
with. the’ accompanying. drawing, in the several
figures of which like reference numerals indicate
like elements, and in which:

‘Figure 1 is a cross-sectional view of a bidirec-
tional electron-discharge device which may be
used in the apparatus of the present invention;

‘Figure 2 is a.schematic diagram of signal-gen-
_erating apparatus constructed in accordance with
the invention and embodying the device of Fig-
ure 1;

Figure 3 is an idealized graphical representation
useful in understanding the operation of the pres-
ent invention, and

Figure 4 is a schematic circuit diagram of an-
other embodiment of the invention.

In PFigure 1, which is a cross-sectional view of
an electron-discharge device of the type disclosed
and claimed in the above-identified Adler appli-

-cation; a pair of thermionic cathodes and a con-
trol grid intermediate the cathodes are provided
within-an evacuated envelope 19. Preferably, the
first cathode comprises a pair of members | and
{2 having thermionically emissive surfaces 13
and {4 respectively. The second cathode 5 is
disposed between members {f and {2 and is pro-
vided with a pair of thermionically emissive sur-
faces 16 and 11 opposite surfaces 13 and 14 re-
spectively. Suitable meansare provided for heat-
ing members {1 and 12 of the first cathode; for
example individual heater elements may be pro-
vided for each of these members. A control grid
18, which may be of the parallel-wire type, is ar-
ranged to surround second cathode 15, and the
conductive grid elements are disposed between
second cathode {5 and members (1 and 12. Con-
trol grid 18 may be conveniently supported by
means of side-rods 19 and 208. Members 11 and
12 are connected together for operation at a com-
mon. potential by circuit. means (not shown)
which may be either internal or external of evac-
~ uated envelope 18. Heat-shield members 21 and

22 are arranged substantially to surround the
cathodes, so that heat developed in the first cath-
ode members is directed inwardly to second cath-
ode. {5 to raise the temperature of that cathode
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to a sufficient extent to establish thermionic emis-
sion. Since the envelope 18 is evacuated, the only
substantial heat loss is by radiation so that heat-
ing by radiation, direct as well as reflected, is
relatively efficient, and second cathode {5 may be
raised to its emission temperature within a rela-
tively short period of time.

In order to prevent overheating of control grid
{8, radiating fins 22 and 24 may be welded or
otherwise secured to supporting posts 1§ and 20
respectively.

The device of Figure 1 is capable of passing
electron space current in either direction between
the first cathode, comprising members 11 and 12,
and the second cathode 18, depending on the rela~
tive operating potentials applied to the two cath-
odes. Thus, at a particular instant of time, sec-
ond cathode 15 may be maintained at a poten-
tial higher than that of first cathode members {1
and 12. In this event, second cathode 15 instan-
taneously operates as an anode or collector for
electrons originating at emissive surfaces 13 and
14. Flectrons emanating from emissive surfaces
16 and {7 encounter a retarding field, due to the
lower operating potential of first cathode mem-
bers 1 { and (2, and cannot reach the first cathode.

When operated in this manner, additional heat
is provided at second cathode 15 by virtue of its
plate dissipation in the role of anode with respect
to first cathode members {1 and 2.

Conversely, if at ancther instant of time the
first cathode members 1§ and 12 are operated at a
potential higher than that of second cathode 15,
the first eathode members function instantane-
ously as an anode or collector for electrons origi-
nating at emissive surfaces (6 and 17, and elec-
trons emanating from surfaces {3 and {4 are sup-
pressed. ‘

Control grid {8 serves as a convenient. means
for controlling the electron space current fiow
between the cathodes constituting the terminat-
ing electrodes for the electron-discharge path.
At any instant of time, the control grid has an
effective amplification factor or mu relative to
the terminating electrode acting as anode at that
instant, since the device operates instantane-
ously as a conventional triode. - However, the de-
vice differs from conventional electron-discharge

-amplifiers in the bidirectional nature of the dis-

charge path.

As disclosed in the above-identified Adler appli-
cation, it is also possible to construct a bidirec-
tional electron discharge device generally similar
to that shown in Figure 1 but comprising a pair
of thermionic cathodes each having a separate
heater element. When such a tube having sepa-
rate heater elements is used, special precautions
must be employed to prevent any detrimental ef-
feets from the high potential pulses between one
of the cathodes and ground. These. effects can
be prevented by the use of a separate filament
transformer for each heater or.by the use of suffi-
cient insulation between the ungrounded cathode
and its heater.

Figure 2 is a schematic diagram of signal-gen-
erating apparatus embodying the device of Figure
1 and constructed in.accordance with the pres-
ent invention. In Figure 2, the cathodes 30 and
31 of a bidirectional electron-discharge device 32
are connected in series with a. source of unidi-
rectional operating potential, here shown as a
battery 33, and an output -circuit including an
inductor 34. Inductor 34 may, in some applica-
tions, conveniently comprise the primary wind-
ing of an. output transformer. An -input.signal
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source 35, which may be a source of negative-
polarity pulses, is coupled between the control
grid 36 of device 32 and first cathode 30 by means
of an input transformer 37 having primary and
secondary windings 38 and 39 respectively; the
input signal from source 35 may also be applied
to the input circuit by other means known to
the art, as for example by means of a coupling
condenser and a grid resistor. A current-limit-
ing resistor 40 is included in series with second-
ary winding 39 and control grid 36. First cath-
ode 30 is directly connected to ground.

A feedback coil 41, which is inductively coupled
to inductor 34, is coupled in series in the input
circuit between resistor 40 and secondary wind-
ing 39. In accordance with the invention, the
voltage ratio of feedback coil 41 relative to in-
ductor 34 is made materially greater than the
reciprocal of the effective amplification factor of
control grid 36 with respect to second cathode 31.
In other words, the absolute value of the ratio
of the voltage ez developed across coil 4f to the
voltage e1 across load inductor 34 is made mate-
rially greater than the reciprocal of the effec-
tive amplification factor ux, measured from con-
trol grid 36 to second cathode 32, in accordance
with the equation

1
l‘kz ( 1)

A capacity 42 is provided across output induc-
tor 34; capacity 42 may comprise either a sepa~
rate circuit element, or the capacity reflect-
ed from circuits (not shown) coupled to output

€2
€y

inductor 34. This capacity is of suitable mag-

nitude to resonate with inductor 34 at a predeter-
mined natural frequency.

In operation, the device 32 is maintained in a
conductive state except for a short interval dur-
ing each eycle. During the first portion of each
conductive period, inductor 34 delivers power to
battery 33; during the second half of the con-
ductive cycle, power is delivered from battery 33
to load inductor 34. Since the time rate of
change of current from a constant unidirection-
al voltage source through a constant inductor is
constant and dependent only on the ratio of the
voltage of the source to the inductance of the
load, the output current during the conductive
period is of constant slope, and this slope may
be adjusted to any desired value by suitable selec-
tion of operating potential and load inductance.
If there were no losses in the circuit, the net di-
rect-current component would be zero, due to the
bidirectional character of the current in the se-
ries circuit comprising device 32, inductor 34, and
battery 33.

Particular reference is now made to Figure 3,
comprising idealized graphical waveform rep-
resentations of the second-cathode current ix,,
second-cathode voltage ex,, feedback voltage ez
across coil 41, control grid voltage eg, and control
grid current iz plotted as functions of time. The
apparatus of Figure 2 constitutes a self-sustaining
sawtooth current generator. For purposes of ex~
planation, let it be assumed that the circuit is
operating in a self-sustaining manner without
application of an input signal from source 35.
As the output current ix, builds up at a rate de-
termined by the voltage of source 33 and the in-
ductance of inductor 34, the voltage ek, of the sec~
ond cathode 31 with respect to ground also in-
creases. Coil 41 is arranged to provide 180° phase
reversal, so that the feedback voltage ez appear-
ing across coil 41 falls from a maximum positive
‘value at the beginning of the conductive period
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to a somewhat smaller positive value at the end
of the conductive period. During this period,
grid current is drawn first from cathode 3f and
later from cathode 30. The voltage ez applied to
control grid 36 is represented by the dotted curve,
building up from g slightly negative value at the
beginning of the sweep cycle to 3 maximum pos-
itive value at the end of the conductive period;
the difference between the voltage ez fed back by
way of coil 41 and the control grid voltage eg is
determined by the value of limiting resistor 40.
Consequently, the control grid voltage eg is lim-
ited and cannot exceed the instantaneous voltage
fed back by way of coil 4. However, the second
cathode voltage ex, is not limited as is the control
grid voltage, but rises with increasing output cur-
rent ix, at a rate determined by the voltage drop
across device 32. Consequently, the effective
transconductance of control grid 36 with respect
to second cathode 31 rises sharply toward the end .
of the conductive period as the control grid volt-
age eg approaches its limited maximum. When
this effective transconductance has built up to
a predetermined critical value, substantially one-
half cycle of self-oscillation is induced in the out-
put circuit comprising inductor 34 and capacity
42 at a frequency determined by these elements.
The initial sharp rise in second cathode voltage
ex, at the commencement of the free oscillation
in the output circuit induces gz large negative
pulse across feedback coil 41 which operates to
render device 32 non-conductive. When sub-
stantially one-half cycle of free oscillation has
been completed, the second cathode voltage ex,
has returned to its negative value with respect
to ground, and the potential of control grid 36
again becomes positive, thereby rendering device
32 once again conductive. The cycle is then re-
peated.

Since the control grid voltage is always posi-
tive with respect to one of the cathodes 30 and
31 except during flyback, grid current iz flows
during the entire conductive period. While the
grid current iz may be of considerable magnitude,
the voltages required are small so that the power
dissipation in the input circuit is not excessive.
Most of the required driving power is derived
from the output circuit by feedback to the input
circuit through coil 41, so that little power is re-
quired from source 3% to synchronize the output
current, )

The output current i, is of substantially saw-
tooth waveform, modified to the extent that the
output current is zero during the flyback period.
During the first portion of the conductive period,
electrode 30 serves as anode and electrode 31 as
cathode; during the latter portion of the con-
ductive period, the functions of these electrodes
are reversed. Ideally, the current would reverse
direction exactly in the middle of the conductive
period, so that the peak positive and negative
currents would be equal; in such a case, no direct-
current component would appear in the output.
In practice, however, the load is not purely in-
ductive and some voltage drop is required be-
tween the cathodes to obtain the required flow
of current, so that there is an energy loss during
each eycle, and the negative current after fly-
back is of smaller magnitude than the positive
current at the end of the conductive period. Con-
sequently there is a small net direct-current com-
ponent in the output. . .

In order to -maintain the impedance of device
32 low at all times during the conductive period,
thereby to avoid further energy loss and non-
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linearity in the output current waveform, it is
desirable to select the values of the several cir-
cuit components so that the voltage eg of control
grid 36 with respect to ground changes sign some-
what before voltage ex, of the second cathode
with respect to ground swmgs from negative to
positive. This operation has been illustrated in
the graphical representation of Figure 3, in which
the grid voltage ez swings through gero at a time
t1 slightly before the time tz when the voltage ex,
changes sign.

It is noted that the waveforms of Flgme are
drawn to different scales, the pulses appearing at
the second cathode during flyback being in fact
many times larger in peak value than the nega-
tive control pulses applied to grid 36.

10

Thus, the apparatus schematically illustrated '

in Figure 2 constitutes a self-sustaining sawtooth
current generator. To provide increased stability
to-adapt the system of Figure 2, for example, to
drive the deflection coils assoc1ated with the
image reproducing device of a television receiver,
it may be desirable tc impress on the input cir-
cuit negative-polarity pulses from source 33 for
controlling the times of initiation of self-oscilla-
tion in the output circuit, thereby to synchronize
the output current. However, these pulses may
be of small magnitude and'dulatlon since the
voltage fed back by way of coil 4{ serves to main-
tain device 32 in a non-conductive state once cut-
off has been established until the potential of
second cathode 31 again becomes negative.
Furthermore, in the event that one of the nega-
tive-polarity input pulses should be absent, over-
loading of device 32 by excessive current build-
up. is prevented by the inherent self-sustaining
characteristic of the circuit when the effective
transconductance of the control grid 356 with
respect to second cathode 3f exceeds a, prede-
termined critical value.

It is also possible, in accordance with the in-
vention, to utilize a varying direct-voltage in-
put signal to control the times of initiation of
the self-oscillation in the output circuit. In Fig-
ure 4, a resistor 50 is included in the series in-
* put circuit, and a bypass condenser §f is con-
nected in parallel with resistor 50. A source 52
of direct-voltage input signals, as for example,
an automatic - frequency - control potential
source, is coupled across resistor 58. Current-
limiting resistor 40 is connected between feed-
back coil 41 and resistor 59. In all other re-
spects, the circuit of Figure 4 is identical with
that of Pigure 2.

With the arrangement of Figure 4, the initia-~
tion time of the self-oscillation in the output
circuit comprising inductor 34 and capacity 42
is controlled by varying the bias potential of
control grid 35.  The time of initiation of self-
oscillation is determined by the length of time,
from the beginning of the sweep cycle, required
to build-ur an effective transconductance of con-
trol grid 25 with respect to second cathode 3f
which exceeds the predetermined critical value
required to produce oscillation, When no unidi-
rectional bias potential is supplied from source
52, self-oscillation is induced at a predefermined
‘time #o afier the beginning of the sweep cycle.
If, now, a negative bias potential is applied from
source 52 to the input circuit, the effective trans-
conductance of control grid 38. with respect fo
second cathede 3! builds up to the required crit-
ieal value for oscillation more rapidly, and self-
oscillation is initiated at a time fo—Af after the
beginning of the sweep cyecle, which is less than
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8
that required when - 1o bias potential is supplied.
Conversely, if & positive bias potential is applied in
the input ecircuit from. source 82, self-oscilla-
tion is initiated only after a longer time fo4-At.
Thus, control of the frequency of the output cur-
rent may conveniently be effected by merely

varying the bias applied to-the cortrol grid.

As a further alternative, the freguency of ‘the
output current may be controlled by varying the

-self-bias of the control grid by means of a variable

element in the input circuit. Por example, resis-
tor 50 may be of variable size for this purpose.

Thus, the present invention prov1des novel ap-
paratus for generating an output current of saw-
tooth waveform. In particular, the invention
provides a self-sustaining sawtooth current gen-
erator which may be controlled either by short
pulses of small magnitude and duration or by a
varying direct-voltage input signal. Because the
apparatus is self-sustaining, current build-up is
limited to a predetermined maximum, so that
none-of the circuit components can be subjected
to overloading. , ]

While particular embodiments: of the present
invention have been shown and described, it is
apparent that various changes and modifications
may be made, and it is therefore contemplated in
the appended claims to cover all such changes and
modifications as fall within the true spirit and
scope of the invention.

Iclaim:

1. A self-sustaining sawtooth current generator
comprising: a bidirectional electron-discharge de-

vice having a pair of thermionic cathodes spaced

along an electron-discharge path and a control
electrode disposed across said path intermediate
said cathodes, and having an effective amplifica-
tion factor as measured from said control elec-
trode to one of said cathodes; an output -circuit,
including an inductor and having a predeter-
mined natural resonant frequency, coupled be-

_tween said cathodes; means for impressing a uni-

directional operating potential difference between

.said cathodes and in series with said inductor;

and an input circuit coupled to said control grid
and to the other of said cathodes and comprising
means inductively coupled to said output circuit
by a voltage ratio materially greater than' the
reciprocal of said amplification factor for periodi-

-cally exciting said output. circuit into substan-
-tially one-half cycle of self- occﬂlatmn at sald pre—

determined frequency.
2. A self-sustaining sawtooth current »venerator

‘comprising: & bidir ectional electron-discharge de-

vice:having a pair of thermionic cathodes spaced
along an electron-discharge path and a ~control
electrode disposed across said path, 1ntermed1ate

‘said cathodes, and having an effective amplifica-
‘tion factor as measured from said control elec-

trode to one of said cathodes; a source of unidi-
rectional operating potential and an output cir-
cuit including an inductor coupled in series be-
tween gaid cathodes; means effectively providing

‘across said inductor a capacity of magnitude to

resonate with said inductor at a predetermined
frequency; an input circuit coupled to said con-

‘trol grid and. to the other of said cathodes and
comprising a feedback coil inductively coupled to

said inductor by a voltage ratio materially greater
than the reciprocal of said amplification factor
for periodically exciting said output circuit into

substantially one-half cycle of self- oscillation-at

said. predetermmed frequency; -and an .- 1nput-

‘signal sourcefor applying an input signalbetween
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sald grid and said other cathode to control the
times of initiation of said self-oscillation.

3. A self-sustaining sawtooth current generator
comprising: a bidirectional electron-discharge de-
vice having a pair of thermionic cathodes spaced
along an electron-discharge path and a control
grid disposed across said path intermediate said
cathodes, and having an effective amplification
factor as measured from said grid to one of said
cathodes; an output circuit including an inductor
coupled between said cathodes; means for im-
pressing a unidirectional operating potential dif-
ference between said cathodes and in series with
said outpub circuit; means effectively providing
across said inductor a capacity of magnitude to
resonate with said inductor at a predetermined
frequency; an input circuit coupled to said con-
trol grid and to the other of said cathodes and
comprising a feedback coil inductively coupled to
said inductor by a voltage ratio materially greater
than the reciprocal of said amplification factor
for periodically exciting said output cirecuit into
substantially one-half cycle of self-oscillation at
said predefermined frequency; and an input-
signal source for applying an input signal between
said grid and said other cathode to control the
times of initiation of said self-oscillation.

4, A self-sustaining sawtooth current generator
comprising: g bidirectiona] electron-discharge de-
vice having a pair of thermionic cathodes spaced
along an electron-discharge path and a control
grid disposed across said path intermediate said
cathodes, and having an effective amplification
factor as measured from said grid to one of said

cathodes; an output circuit including an induector

coupled between said cathodes; means for im-
pressing a unidirectional operating potential dif-
ference between said cathodes and in series with
said output circuit; means effectively providing

across said inductor a capacity of magnitude to ¢

resonate with said inductor at a predetermined
frequency; an input circuit including an inductor
coupled to said control grid and to the other of
said cathodes and comprising a feedback coil in-
ductively coupled to said output cireuit by a volt-
age ratio materially greater than the reciprocal
of said ampiification factor for periodically excit-
ing said output circuit into substantially one-half
cycle of self-oscillation at said predetermined
frequency; and a source of control pulses in-
dividually of time duration no greater than
one-half period of said predetermined fre-
quency coupled to said input circuit inductor
for applying an input signal between said grid and
sald other cathode to control the times of initia~
tion of said self-oscillation.

5. A self-sustaining sawtooth current generator
comprising: a bidirectional electron-discharge
device having a pair of thermionic cathodes
spaced along an electron-discharge path and a
confrol grid disposed across said path inter-
mediate said cathodes, and having an effective
amplification factor as measured from said grid
to one of said cathodes; an output circuit includ-
ing an inductor coupled between said cathodes;
means for impressing a unidirectional operating
potential difference between said cathodes and
in series with said output circuit; means effec-
tively providing across said inductor a capacity
of magnitude to resonate with said inductor at
a predetermined frequency; an input circuit in-
cluding an inductor coupled to said control grid
and to the other of said cathodes and comprising
a feedback coil inductively coupled to said out-
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put circuit by a voltage ratio materially greater
than the reciprocal of said amplification factor
for periodically exciting said output circuit into
substantially one-half cycle of self-oscillation at
said predetermined frequency; and a source of
negative-polarity confrol pulses individually of
time duration less than one-half period of said
predetermined frequency coupled to said input
circuit inductor for applying an input signal be-
tween said grid and said other cathode to control
the times of initiation of said self-oscillation.

6. A self-sustaining sawtooth current generator
comprising: a bidirectional electron-discharge
device having a pair of thermionic cathodes
spaced along an electron-discharge path and a
conirol grid disposed across said path inter-
mediate said cathodes, and having an effective
amplification factor as measured from said grid
to one of said cathodes; an output circuit includ-
ing an inductor coupled between said cathodes;
means for impressing a positive unidirectional
operating potential on said one cathode through
said output circuit; means effectively providing
across said inductor a capacity of magnitude to
resonate with said inductor at a predetermined
frequency; an input circuit coupled to said con-
trol grid and to the other of said cathodes and
comprising a feedback coil inductively coupled to
said inductor by a voltage ratio materially
greater than the reciprocal of said amplification
factor for periodically exciting said output cir-
cuit into substantially one-half cycle of seif-
oscillation at said predetermined frequency; and
means for varying the bias of said control grid
to control the times of initiation of said self-
oscillation.

7. A self-sustaining sawtooth current generator
comprising: a bidirectional . electron-discharge
device having a pair of thermionic cathodes
spaced along an electron-discharge path and a
control grid disposed across said path inter-
mediate said cathodes, and having an effective
amplification factor as measured from said grid
to one of said cathodes; an oufput circuit includ-
ing an inductor coupled between said cathodes;
means for impressing a unidirectional operating
potential difference between said cathodes and
in series with said output ecircuit; means effec-
tively providing across said inductor a capacity
of magnitude to resonate with said inductor at
a predetermined frequency; an input circuit
coupled to said control grid and to the other of
said cathodes and comprising a feedback coil
inductively coupled to said inductor by a voltage
ratio materially greater than the reciprocal of
said amplification factor for periodically exciting
said output circuit into substantially one-half
cycle of self-oscillation at said predetermined
frequency; a resistor and a condenser connected
in parallel in said input circuit; and a direct-
voltage input-signal source coupled to said re-
sistor for varying the bias of said control grid
to control the times of initiation of said self-
oscillation.
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