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This invention relates to periodic wave gen-
erators and, while of general application, it 1§
especially usetul in the development of scanning

flelds of saw-tooth wave form for use in tele-

vision systems.

Periodic waves having complex wave forms
such as saw-tooth and related forms, are useful
for various purposes. In television systems, for
example, at both the transmitter and the receiv-
er, electrostatic or electromagnetic fields of saw-
tooth wave form are utilized in scanning systems
to defiect 2 beam focused on a target, such as the
cathode ray in a cathode-ray tube system, so as
to cause the beam fo scan successive fields or
series of parallel lines on the target. These fields
are produced by applying periodic current or
voltage waves of the desired wave form to ﬁeld-
vroducing elemeénts.

In general, it is required that periodic wave
generators of the type described be capable of
developing waves of precisely the desired wave
form; in a television system, of a form suitable
to effect accurately uniform velocity of trace and
rapid retrace of the scanning beam, that is, a
saw-tooth wave comprising a linear trace stroke

and a retrace stroke of only a fraction of the du-

ration of trace stroke. Further chalacterlstlcs

generator includes a feed-back circuit for the
tube responsive to operating conditions in the
output circuit for effecting operation of the tube
over ‘the aforesaid part of its operating range
and one of the limiting regions and for causing
the tube to develop in the output circuit a cur-
rent’ wave including both saw-tooth and pulse
components. - The generator . additionally in- :

. cludes means connected in ¢ircuit and cooperat-
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essential to such generators are simplicity of con- -

- gtruction and dependability in operation.

It is an object of the present invention, -there-
fore, to provide an improved generator for de-
veloping a periodic wave of complex waye form,
such as a saw-tooth or related form, which may

be either a current wave for electromagnetic -
scanning or a voltage wave for electrostatic scan- -

ning.
It is a further object of the invention to pro-

vide a pericdic wave generator havirg one or

more of the desirable chara.cterlstlcs and fea-
tures referred to above.
In accordance with the present invention, a
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" generator of periodic saw-tooth waves having

substantially linear trace and relatively short re-
trace periods comprises an output circuit includ-
ing capacitance means and means including a
voltage supply circuit and a vacuum tube for
effecting periodic charging of the .capacitance

means from the supply circuit by substantially.

constant -current in one direction during the

" trace periods and discharging cf the capacitance +

means by current in the opposite direction dur- -

ing retrace periods. The vacuum tube has a grid
voltage-conductance characteristic free from ex-
cessive curvature over a part of its operating
range between limiting regions thereof. The

ing with the capacitance means for dividing the
aforesaid current in two paths, one of the paths
including the capacitance means. The imped-
ances of the aforesaid paths are relatively so
proportioned that there flows through the capac-
itance means only the one of the aforesaid cur-

rent components required to produce the destred

saw-tooth wave therein with the tube. opérating
only over the aforesaid part of its operatmg
range during trace periods.

For a better understanding of the lnvention
together with other and further objects there-
of, reference is had to the following description
taken in connection with the accompanying
drawing. and its scope will be pointed out in the
appended claims.

- In the accompanying drawing, Fig. 1 is a eir-
cuif diagram of a periodic wave generator em- -

-bodying the present invention; Fig. 2 is a circuit

diagram of a modified form of the output circuit
of the generator of Fig. 1; Figs. 3 and 4 are cir-
cuit diagrams of modified forms of periodic wave
generators embodying: the invention; while Fig. 5
is a group of curves illustrating the wave forms
of various currents and voltages developed in the
generator of Fig. 1. .

Referring now more partlcular]y to Fig: 1 of
the drawing, the generator illustrated comprises
an energy-storage means, such as an inductance
element 10, which may be a magnetic scanning
element of a television scanning system, through
which it is desired to produce a.current of saw-
tooth wave form. The inductance element 10 is
included in the output circuit of the generator in .

series with a resistor i1, which may comprise, in .

whole or in part, the inherent resistance of the *:

inductance element, a blocking condenser 12, a ™. "

source of operating voltage, such as a battery 13,
and a repeater device, preferably a vacuum tube
4 which may be a triode, as shown, or a multi-
grid tube. For the purpose of controlling cer-

tain operating conditions of the system in ac-
- cordance with the present invention and for ap-
plying the operating potential from battery (3 to
the anode of the tube 14, a resistor 15 is con-
nected 'in parallel with the series-connected in-



- applied to the

2

ductance element 10, resistor 14, and condenser

12, Since the resistor: {8 carries the space cur- .

rent of tube (4, it must be limited to a fairly
small resistance value and an: jinductance ele-
ment § may be included in serles therewith, as
. shown, although, In some cases, this element may
be: omitted. : i

For the purpose of controlling the tube i8,
there is provided a teed-back systém responsive
- to operating conditions in the output circuit of
the generator and comprising a reversing and
limiting vacuum tube §8 which may be a triode,
‘as shown, or a multigrid tube. The input ecir-
cult of the tube 18 is coupled to the load circuit
of tube i4 by way of & coupling impedance in-
cluding a serles-connected condenser 11 and volt-
age-divider resistors 18, 18a, and 180, the control
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grid of tube 18§ being connected at the junction -

" of resistors I8 and (8a so that only a portion
of the available feed-back voltage is applied to
the tube 18. The condenser i1 serves to absorb

saw-tooth wave-form components from the feed-

back  voltage so that only pulse ‘components
* thereof are :applied to: the tube (8.: Tube 16 is
arranged to operate beyond both its upper and
lower cutoff limits so as.to derive in its load
‘eireult, - presently to be described, & voltage of
‘the required wave form and amplitude properly
to stabilize the operation of the system. . Positive
| gynchronizing pulses: for the generator may be.
, input circuit of the tube {6, from
input terminals 20, across the resistor '18b, which
resistor is of a relatively Jow value so that the
impedance of the synchronizing circuit does not
interfere with the operation of the generator.:

.. A complex load impedance Is provided for the
tube (8 including o series: resistor 2f and con-
denser 22 which cooperate to develop a control

a8 just ‘described,

25

1 ates not only over
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| voltage of the required wave form.- Operating

potential may be supplied from g suitable source,
for exsmple, a battery 23, by way of :a resistor
2% and the load resistor 2f. The load circuit
2(, 22 is coupled to the control grid of the tube
14 by way of a suitable condenser 28 and grid-
leak resistor 28. A negative-blas potential is ap-
plied to the control grid of the tube 14 by way
of the resistor 26 from a suitable source, for
example, battery 21. While, for simplification,
batteries have been illustrated as sources of di-
rect current and bias-voltage supply, it will be
understood that, in practice, conventional power
supply circuits will ordinarily be utilized.

 'The operation of the generator of Fig. 1 may
best be understood by first neglecting the re-
sistor 15 and the major part of the resistor 21,
which comprise essential parts of the present in-
vention, and assuming the former to be replaced
by a large choke to carry the space current of
tube 14. During the trace period of each cycle,
the tube I8 is blased below grid-bias cutoff and
the condenser 22 is charged through the resistor.
24 causing the potential of the upper terminal
of the condenser 22, which potential is appled

40

’ cluding tube 8.
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generated by means of the teed-back eircult in-

As long as the current in the tube {4 continues
to fall, a positive voltage is fed back to the tube
16. The tube (4 is thus regenerated to cutofl.
Asx soon as the current Inithe tube 14 is: inter~
rupted, the positive feed-back voltage is removed
from the tube 16 and it refurns to cutoff.. The
trace period described above is then. repeated
to initiate the next cycle. :

While the grid voltage-conductance character-
{stic of a repeater; such as the vacuum tube {4,
is substantially linear over the intermediate por-
tion of its range, or at least does not have exces-
give curvature, the “limiting” or upper and lower
cutoff. regions of the range are sharply curved. :

‘The synchronizing signal determines the termi-

nation of the trace periods and, hence, the upper
limit of the operating range. The circuit: con-:
stants are preferably so related to the period of
the synchronizing signal that this upper iimit Is
just within the linear portion of ‘the tube: char-
acteristic.  However, with: the system operating,
g0 that the current through
the tube (4 is reduced to zero at the end of the
retrace period, it will be seen that the tube oper-
the useful intermediate portion
of its characteristic but also over the lower
sharply curved limiting region in the early part
‘of the trace period. S
In accordance with the present invention, how-
ever, there are provided means for shifting the
operation of the device substantially away from
this lower limiting region during the entire trace .
period. . This is accomplished by causing a pulse-
current' component to: be superimposed on the
desired saw-tooth current component in the gen-:
erator output circuit. For this purpose the re-

-sistor 21, included in the load circuit of the tube

18, is glven a substantial value so that there is:

. developed ‘across this circult and applled to the

. control grid of the tube {4 a composite control

voltage wave including not only the saw-tooth

.- wave component developed across condenser 22
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to the control grid of the tube 14, to become In- g

creasingly positive so that current builis up
through the series circuit including the tube (4
and inductance element 10. This current con-
tinues to rise until the operating conditions are
disturbed, for example, by the application of a
positive synchronizing pulse to the tube I8, which
initiates the retrace portion of the cycle. Such
pulse causes the potential of the control grid of -
the tube i# to increase negatively, reducing its-
output current, This reduction in current is re-

70

but also a pulse component developed across the
resistor 21 which i8 of a value greater than need-
ed for the development of saw-tooth current In
the tube (4. Since it 18 necessary that only the
saw-tooth current component passes through the
inductance element 10, the resistor 18 is con-
nected in parallel therewith and 'so proportioned
relative thereto that it effectively by-passes all
of the pulse-current component and, incidentally,
part of the saw-tooth current component.

The actual operation of the system, therefore,
is modified with respect to that described above.
In Fig. 5 curves A—D, inclusive, {llustrate volt-
ages and currents developed at various points in
the system during the actual operation thereof.

Thus, curve A illustrates the desired saw-tooth

wave form of the current through the inductance
element 10, and curve B the corresponding pulse
voltage developed thereacross. -A saw-tooth
voltage is developed across the resistor {1 by the
saw-tooth current therethrough so that the total
voltage developed across the load circult of tube
4 by the saw-tooth load current is of the com~
bined saw-tooth and pulse wave form illustrated
by curve C. The current through the resistor
18, therefore, and inductance 9, where such is in-
cluded in the circuit, is also of saw-tooth and
pulse wave form. The total current which must
be passed by the tube (4, therefore, is of the wave
form illustrated by curve D, having both pulse

T8 and saw-tooth components. Current of this re-
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quired wave form, as explained above, is caused to
flow through the tube by properly proportioning
the input circuit 21, 22 so that a voltage of the re-
quired pulse and saw-tooth wave form is de-

veloped thereby and applied to the control grid -

of the tube (4. The end of the trace period, as
explained above, is determined below the upper
limiting region by the application of the syn-
chronizing pulse to the generator. During the
retrace period the combined pulse and saw-tooth
retrace components carry the tube through the
lower limiting region of its repeating characteris-
tic to cutoff and the tube thereupon swings away

10

from this lower limiting region so that the trace .

perlod begins in and extends over the intermedi-
ate part of the range of the characteristic which
is free from excessive curvature.

In certain cases it may be necessary for the

resistor 15 to be of a relatively low value in order
properly to carry the direct current. In such &
~case, In the absence of the Inductance 9, the
path including resistor 15 would take an ex-
cessive amount of the pulse current. The in-
ductance 8, however, may be Included, as shown,
for the purpose of providing greater impedance
to the pulse current when the resistor is of such
low value.

It will be appreciated that the grid voltage-
conductance characteristic of the tube {4 tends
to cause curvature of the saw-tooth wave form
of the current developed by the -system during
the trace period. Likewise, certain impedance
elements in the system tend to cause such a
curvature; for example, the condenser i2, to-
gether with the other load circult elements con-
nected therewith, the resistor 28 and condenser
25, and the resistor 24 anl condenser 22. The
curvature which these impedance elements tend
to cause, however, is opposite to that due to the
tube {4 and the circuit constants are so propor-
tloned that these opposite curvature effects com-
pensate each other. Thus, while the condenser
{2 has so large a capacitance that it does not
greatly affect the wave form of the wave devel-
oped by the system, any curvature effected there-
?y is galanced against the characteristic of the

ube 14,

While a voltage of both pulse and saw-tooth

wave-form components is impressed upon the
feed-back cireuit, the saw-tooth components are
absorbed, as explalned above, by the condenser
{7 and only the pulse components are applied
to the input circuit of tube 16. Tube 1§ being
operated beyond both its upper and lower cutoff
limits, & pure pulse current is developed thereby.
and the control voltage of the required complex
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wave form is developed across its load circuit

comprising resistor 2f and condenser 22. Not
only does the Hmiting action of the tube I8
‘properly limit the amplitude of the control wave
but it serves also to avold cumulative wave-form
distortion and thus stabilizes the wave form and
amplitude of the wave developed by the system.

In order that the tube {4 may simultaneously
supply pure saw-tooth-ecurrent to the load in-
ductance {0 and & pulse and saw-tocth current
in resistor {8, the time constant of the coupling
impedance 21, 22 is made equal to that of the
output circuit as follows:

_ Lw(Ris+Ry)
Cullyy " RuRu+RuRy+RuRu O

in which C, R, and L are the capacltance, re-
sistance, and inductance, respectively, of the par-
ticular elements indicated by the appended nu-
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merals. This relation is based on the assumption
of a linear grid voltage-conductance characterig~
tic in the tube (4 which s approximately realized

_over the major portion of its operating range,

. In order to procure a pure pulse voliage
across the resistors (8¢ and 8b, the condenser
1T is proportioned, as explained, to absorb the
saw-tooth voltage developed across the resistor
11 in the output circuit as follows:

CuRu=pgl

in which, as in Equation 1, C, R, and L are the
capacitance, resistance, and inductance, respec-
tively, of the elements indicated by the numerals
appended thereto.

Briefly, then, the system comprises an arrange-
ment whereby a current of pure pulse wave form
is produced by the tube 16 and a current of com-
bined saw-tooth and pulse wave form is produced
by the tube 4. Tube I8 operates to stabilize the
amplitude of the current pulses; the syachroniz-
ing pulses determine the end of the trace period
and beginning of the retrace period; the remain-
ing characteristic of the wave, the duration of
the retrace period, is determined by the tube 14
reaching cutoff, whereupon the tube 14 is in-
stantaneously swung away from the cutoff region
to begin the trace period. )

It will be seen that, in accordance with one
aspect of the present invention, impedance
means, in the system of Fig. 1 the resistor 15, ef-
fectively is connected in parallel and cooperates
with the energy-storage means to divide the cur-
rent through the output eircuit into two paths.
One of the paths includes the energy-storage
means, the inductance element 18 in Fig. 1, while
the other path includes the impedance means
9, 18. The paths are so proportioned that there
flows through the energy-storage meang only
the current components required to produce the
desired saw-tooth wave which, in the generator
of Fig. 1, is the current of saw-tooth wave form.

In Figs. 2, 3, and 4, there are fllustrated modi-
fications of the invention. ILike reference
numerals indicate corresponding parts in Figs.
14, inclusive.

In Fig. 2 there is fllustrated s modified form
of output circuit which may be- substituted for
the corresponding circult in the generator of
Fig. 1. In the circuit of Fig. 2, a resistor 15a
is connected directly across the inductance ele-
ment 10 and resistor {4 and an inductance ele-
ment or choke 28, of the fron-core type, is con-
nected in parallel with the efreuit with its lower
terminal at the inner side of condenser 12, pro-
viding a separate direct-current path for the
space current of the tube {4. Since, with this
arrangement, the shunt resistor {5a does not:
carry the space current of the tube (4, with re-
sultant voltage drop, as in the case of the re-
sistor 15 of Fig. 1, the resistor #5¢ may be made
any size desired without affecting the space cur-
rent or anode voltage of tube {4 and required
battery voltage is less. »

In Fig. 3 a modified form of the generator of
Fig. 1 is shown which includes certain additional
advantageous features whereby various operating
characteristics of the system may be readily ad-
justed. Except, as explained below, the generator
of Fig. 3 is of the same construction as that of
Fig. 1. In the generator of Fig. 3 a single bat-
tery 13a is provided for supplying the operating
potentials of both of the tubes 4 and | 8, these
potentials being applied by way of an.adjustable




4
resistor 34 which is connected to the anode of
" fube 16 by way of resistors 24 and 2{a, the latter
preferably being adjustable, as shown. Resistor
34 is connected to- the anode of tube 14 by way
of resistor 15. A voltage-divider resistor 35 is
connected across battery f3a and resistor 34 and
has an adjustable tap to which the resistor i1
is connected. The condenser 12 in this case is
connected directly between the lower end of re-
sistor {1 and the cathode of tube {4, A bilasing
resistor 36 is included in the cathode circuit of
tube i4 and an adjustable biasing resistor 31,
by-passed by a condenser 38, is included in the
cathode circuit of tube 16. Condenser 22 may
_ be alternatively connected directly to the cathode
of tube 16, instead of to ground. This alternative
connection has the advantage of returning the
puise of output current of tube i6 directly to the
cathode and thereby reducing the requirements

of the by-pass condenser 38. The grid-leak re-~ 2

sistor 26a of tube 4 is also adjustable.

The operation of this generator is substantially
the same as that of the generator of Fig. 1. Here,
however, the various adjustable resistors provide
means whereby the various operating
acteristics of the generator may be readily ad-
justed. By adjustment of ‘the resistor 34, the
amplitude of the wave developed by the system
may be readily controlled. When increased
voltage is applied to the tube 14 for developing
a wave of greater amplitude, an increased con-
trol voltage is required to be developed by the
tube 16 so that its operating voltage should also
be increased. The resistor 34 thus provides &
single means which may

char- -

be adjusted simul-

10

30

taneously to effect the proper adjustments of the

operating voltages of both tubes. o

By adjustment of the tap on the voltage-
divider resistor 35, the value of the direct-cur-
rent component which flows through the in-
ductance 10 may be readily controlled. Wlhere
the element 10 constitutes & scanning element
of a cathode-ray tube, therefore, this adjustment
is useful for the purpose of centering the scan-
ning pattern on the target of the tube. Adjust-
ment of the resistor 2ta serves to control the am-
plitude of the pulse component of the control
wave developed by the feed-back system. This
provides a means for accurately controlling the
curvature of the wave developed by the generator
at the beginning of its trace period. A further
control of the linearity or curvature of the wave
developed by the generator is provided by the
adjustable resistor 26a. Thus, the adjustable re-
sistor 34 comprises means for adjusting the am-

. plitude of the wave developed by the generator,
the amplitude adjustment being independent of
the linearity and frequency of the developed
wave, and the adjustable resistors 2ta and 26a
_comprise means for adjusting the linearity of the
wave developed by the generator, the linearity
adjustment being independent of the amplitude
and frequency of the developed wave.

The free oscillating frequency of the generator
of Fig. 3 is regulated by the time constant of
resistor 31 and condenser 38, which determines
the end of the trace period in the absence of a
synchronizing pulse. ~As stated above, the end
of the trace period is determined by the starting
of current in tube 16. The operation of tube 16
in ¥ig. 3 is determined partly by resistor 31; that
is, each pulse of current develops a bias across

the condenser 38 which is applied positively to’

_the cathode of tube 16, and this bias partially
1eaks off through the resistor 37 during the trace
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period. As it leaks off, it reaches a point where
current starts to flow in tube 16, even in the
absence of a synchronizing pulse, whereupon the
trace period is ended and retrace begins; that is,
a saw-tooth control voltage is ‘developed across
the circuit 37, 38. The time constant of resistor
37 and condenser 38 is adjusted so that: the free
oscillation period is slightly longer than the syn-
chronizing period, so that the failure of a single
synchronizing pulse will not result in too great
a disturbance of the normal periodicity of the
generator. Thus, the resistor 37 and condenser
38 comprise means for adjusting the free oscillat-
ing frequency of the generator, the frequency
adjustment being independent of the amplitude -
and linearity of the developed wave.
The circuit constants of a generator such as

{llustrated in Pig. 3 which have proved highly ~
satisfactory in actual practice are as follows:

Resistor {8=1 megohm

Resistor 18a=0.25 megohm

Resistor 18b=10,000 ochms

Resistor 37=35,000 ohms

Resistor 34=3,000 ohms

Resistor 24=1 megohm

Resistor 21=1,000 ohms

Resistor 26a=2 megohms

Resistor 36=1,100 ohms

Resistor 15=25,000 chms

Resistor 35=0.25 megohm

Resistor 11=5,000 chms (inherent in inductance
10 .

Condenser 171=.001 microfarad

Condenser 38=0.5 microfarad

Condenser 22-:0.25 microfarad

Condenser 25-=0.1 microfarad

Condenser 35a=1 microfarad

Condenser i2=4 microfarads

Inductance 10=5 henries

For improved linearity of trace, the following
values may be used in place of those above:

Resistor 3T=>2,700 chms
Resistor 21=17,000 ohms
Resistor 36=800 ohms
Resistor 15=1,500 ohms
Condenser 38=1 microfarad
Condenser 25=0.25 microfarad

‘Condenser §2=8 microfarads

The generator, constructed with the above cir-
cuit constants, developed a 60-cycle saw-tooth
current wave through the inductance 180 which
served as the scanning coils of a television cath-
ode-ray tube system and provided fleld-scanning
deflections for interlaced scanning at 60 deflec-
tions or fields per second. Only the inductance
of the scanning coils being required in the gener-

-ator, an important advantage is obtained, since at

such low frequencies effective inductance coils
are generally large and expensive.

In Fig. 4 there is illustrated still another modi-
fled form of the generator of the present inven-
tion which is designed to develop a saw-tooth
voltage. wave 8Cross capacitance means. The
generator of Fig. 4 is similar to that of Fig. 1 ex-
cept for the output circuit and certain details of
the circuits of tubes {4 and 18. Here the energy-
storage means comprises capacitance means in-
cluding series-connected condensers 48, 46,
grounded at their junction, and a condenser 10a
in parallel' therewith which may be the de-
flecting plates of a television cathode-ray tube,
providing a balanced output circuit. For building
up a saw-tooth voltage from a saw-tooth current,
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resistors 40, 40 are connected across the con-

densers 46, 46 and 10a and their junction is
grounded by way of a battery 13b. The uncom-
mon terminals of resistors 40 are connected
across the tube 14 by way of coupling condensers
41, 41, anode resistor 42, a biasing resistor 43,
and by-pass condenser 44 included in the cathode
circuit of the tube. Anode potential is supplied
to the tube 14 from a suitable tap on the battery
{3b by way of a choke 45 and the resistor 42, and
the direct-current path of the battery is com-
Pleted by a similar choke 45a¢ connected between
the negative or grounded terminal of the battery
and the cathode resistor 43. Chokes 45 and 45a
are preferably of the same inductance and may
be wound on the same core..

Balancing condensers 46 are effective-to by-

pass pulse-current components in the output cir-
cuit to supplement the capacitance 10a.

Anode potential'.for the tube 16 is supplied
from the battery 13b by way of a series resistor
41, by-pass condenser 48, and the resistors 24
and 21. A self-biasing resistor 49 and by-pass
condenser 58 are included in the cathode circuit
of the tube 16 and the lower terminals of these
elements and the input circuit resistor 18b are
grounded, by way of the common low potential
lead of the system and the choke 45¢. For tHe
. burpose of applying synchronizing pulses to the
tube {6, there is provided an input Jransformer
51 having its secondary winding conrizgted across
the resistor 18b, the terminals 20a, 20a of .its
primary winding being suitable for receiving the
synchronizing wave, i

In the generator of Fig. 4, as in Fig. 1, the
various circuit elements are proportioned, so that;
the characteristic curvature of the tube 14 and
that of the circuit elements, which tend to cause
curvature of the saw-tooth wave developed by the
system, effectively counteract each other during
the trace period. Here the condensers 41 and
inductance elements 45 and 45a are included in
the group of elements whose values are propor-
tioned for this purpose.

The operation of the generator of Fig; 4 is simi-
lar to that of Fig. 1 except that here a balanced
voltage of saw-tooth wave form is required to be
developed across the capacitance means instead
of a current of saw-tooth wave form through an
inductance element. A pulse voltage component

5

the current flows, and second, the path provided
by resistors 40 through which the saw-tooth cur-
rent flows. That is, the battery 13b and the tube

- 14 comprise means including a voltage supply

10
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~ wise be excessive at low frequencies.

. circuit and a vacuum tube for effecting periodic
“charging of the capacitance means from the sup-

ply circuit by substantially constant current in
one direction during the trace periods and dis-
charging of the capacitance means by current

flow in the opposite direction during the retrace

periods. Negligible current flows through the
coils 45, 45a and the resistor 47, except for the
direct-current components. Negligibie voltage

is developed across condensers 41, 41, This divi-
sion of current is inevitable since a saw-tooth

voltage is produced across the condenser 10a,
and, therefore, across resistors 40 and condensers
46.. In this case, the energy-storage means is
not only the condenser. ifa of the useful load
circuit but also the condensers 46, 46, which are
added for the practical reason of reducing the im-
pedance of the output circuit, which would other-
In sum-~-

~ mary, it will be seen that the arrangement

25

of Fig. 4 comprises a generator of periodic saw-

. tooth waves having substantially linear trace and
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.relatively short retrace periods. The vacuum

tube 14 of the Fig. ¢ arrangement has, like the
corresponding vacuum tube 14 of the Fig. 1 ar-
rangement, a. grid voltage-conductance charac-
teristic free from excessive curvature over a part
of its operating range between limiting regions
thereof. Reversing vacuum tube 16 and the cir-
cuit elements 1, 18, 18a, 18, 21, 22 and 24 com-
prise a feed-back circuit for -the vacuum
tube 14 responsive to . operating conditions
in the output circuit of the latter tube for
effecting operation of the vacuum tube {4
over the curvature-free pertion of its oper-
ating range and one of the limiting regions
thereof- and for causing this vacuum tube
to develop in its output circuit a current wave

-including both saw-tooth and pulse components.

Stated in other words, the vacuum tube 16 and
the circuit elements 11, 18, 18a, 18D, 21,.22 and
24 comprise a reversing tube and a complex im-
pedance proportioned to derive from the output

. yoltage of vacuum tube 14 a feed-back voltage

650

is also requiréd for the feed-back-circuit, as in

the circuit of Fig. 1. Therefore, a resultant volt-
age of saw-tooth and pulse wave form must be
developed across the output circuit of the gen-
erator. The desired saw-tooth voltage appears

across the capacitance means 10z and current of-

pulse wave form only flows in condensers | Oa
and 46, 46. The saw-tooth current component
flows through the resistors 40, 46. The total re-
quired current through the output tube 14, there-
fore, is again of saw-tooth and pulse wave form
and is obtained, as in the circuit of Fig. 1, by
properly proportioning the circuit elements in
the output circuit 21, 22 of the tube 16. The re-
sistor 42 is included in the circuit for developing,

due to the flow of current therethrough, the re-

quired feedback pulse voltage component, since
otherwise there would be only the desired saw-
tooth voltage across the output circuit.

Thus, in the generator of Fig. 4, it will be ap-
parent that means are provided whereby the
output current is divided between two paths, first,
the capacitive path including condensers 10z
and 48, 46, through which the pulse component of
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having saw-tooth and pulse wave-form compo-

-nents of relative amplitudes independent of those

of the aforesaid output voltage. The resistors 40,
40 comprise means connected in circuit and co-
operating with the capacitance means (0a for
dividing the current in the output of vacuum tube
14 into two paths, one of which paths includes
the capacitance means 10a, and the impedance
of the paths are relatively so proportioned that
there flows through the capacitance means (0q
only the one of the current components required
to produce the -desired saw-tooth wave therein
with the vacuum tube 14 operating only over the
curvature-free portion of its operating range dur-
ing trace periods.

While there has been described what is at pres-
ent considered to be the preferred embodiment
of this invention, it will pe obvious to those
skilled in the art that various changes and modi-
fications may be made therein without departing
from the invention, and it is, therefore, aimed in
the appended claims to cover all such changes
and modifications as fall within the true spirit
and scope of the invention.

What is claimed is:

1. A generator of periodic saw-tooth waves
having substantially linear trace and relatively




G
short retrace periods comprising, an output eir-

cuit including capacitance means, means includ-
ing a voltage supply circuit and a vacuum tube

for effecting periodic charging of said capacitance-

means from said supply circuit by substantially
constant current in one direction during said
trace periods and discharging of said capacitance
means by current in the opposite direction dur-
ing said retrace periods, said vacuum tube hav-
ing a grid voltage-conductance characteristic free
from excessive curvature over a part of its op-
erating range between limiting regions thereof, a
feed-back circuit for said tube responsive to op-
erating conditions in said output circuit for ef-
fecting operation of said tube over said part of
said range and one of said limiting regions and
for causing said tube to develop in said output
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circuit a current wave including both saw-tooth -

and pulse components, and means connected in
circuit and cooperating with said capacitance
means for dividing said current in two paths, one
of said paths including said capacitance means,
and the impedances of said paths being relative-
ly so proportioned that there flows through said
capacitance means only the one of said current
components required to produce the desired saw-
tooth wave therein with said tube operating only
over said part of said range during trace periods.

2. A generator of periodic saw-tooth waves
having substantially linear trace and relatively
short retrace periods comprising, an output cir-
cuit including capacitance means, means includ-
ing a voltage supply circuit and a vacuum tube
for effecting periodic charging of said capacitance
means from said supply circuit by substantially
constant current in one direction during said
trace periods and discharging of said capacitance
means by current flow in the opposite direction
during said retrace periods, said vacuum tube
having g desired grid voltage-conductance char-
acteristic free from excessive curvature over a
part of its operating range between relatively
sharply curved limiting regions thereof, a feed-
back circuit for said tube responsive to operating
conditions in said output circuit for controlling
said tube to cause operation thereof over said
part of said range and at least one of said lim-
iting regions, and means including resistance
means effectively coupled to said capacitance
means and so proportioned with respect thereto
as to shift the operation of said tube substan-
tially away from said limiting region during trace
periods.

3. A generator of periodic saw-tcoth waves
having substantially linear trace and relatively
short retrace periods comprising, an output cir-
cuit including capacitance means, means includ-
ing a current supply circuit and a vacuum tube
for effecting periodic flow of substantially con-
stant current in one direction through said
capacitance means from said supply circuit dur-
ing said trace periods, said vacuum tube having
a grid voltage-conductance characteristic free
from excessive curvature over a part of its oper-
ating range hetween limiting regions thereof, a
feed-back circuit for said tube responsive to op-
erating conditions in said output circuit for ef-
fecting operation of said tube over said part of
said range and one of said limiting regions to
cause in said output circuit a current wave in-

cluding both saw-tooth and pulse components,

and means connected in circuit and cooperating
with said capacitance means for dividing said
current in two paths, one of said paths including
said capacitance means and the other of said
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paths including resistance means and said paths
being so proportioned that there flows through
said one path only said current components of
pulse wave form with said tube operating over
said part of its range during trace periods.

4. A generator of periodic saw-tooth waves
having substantially linear trace and relatively
short retrace periods comprising, an output cir-
cuit including capacitance means, means includ-
ing an energy supply circuit and a vacuum-tube
repeater having a control electrode for effecting
periodic flow of substantially constant current
through said capacitance means during said trace
periods, said vacuum-tube repeater having a grid
voltage-conductance characteristic free from ex-
cessive curvature over a part of its operating
range within upper and lower limiting regions, a
feed-back circuit for said tube comprising a re-
versing tube having -an input circuit-and im-
pedance means coupling said input circuit to said
output circuit and proportioned to derive there-
from a feed-back voltage of pulse wave form, and
a load circuit for said reversing tube coupled to
said vacuum-tube control electrode comprising a
series-connected resistor and condenser propor-
tioned to develop a control voltage wave having
saw-tooth and pulse wave form components for
causing operation of said repeater tube over said
part of said range and said lower limiting region,
and means cooperating with said capacitance
means for shifting the operation of said tube sub-
stantially away from said lower limiting region
substantially simultaneously with the initiation
of said trace periods.

5. A generator of periodic saw-tooth current
waves having substantially linear trace and rela-
tively short retrace periods comprising, an out-
put circuit including an impedance element, a
current supply circuit and a repeater vacuum
tube for effecting periodic flow of current
through said output circuit and developing volt-
age thereacross, said tube having a grid voltage-
conductance characteristic free from excessive
curvature over a part of its operating range with-
in relatively sharply curved upper and lower lim-
iting regions, a feed-back circuit for said repeater
tube comprising a reversing tube and a complex
impedance proportioned to derive from said out-
put voltage a feed-back voltage having saw-tooth
and pulse wave-form components of relative am-
plitudes independent of those of said output volt-
age for effecting operation of said repeater tube
over said part of said range and said lower lim-
iting region during retrace periods of operation,
means for determining the duration of trace peri-
ods of operation of said repeater tube and limit~
ing said operation below said upper limiting re-
gion, and impedance means in paralle] with said
impedance element for by-passing the pulse com-
ponents of the current from said impedance ele-~
ment thereof to shift the operation of said re-
peater tube substantially above said lower lim-
iting range substantially simultaneously with the
initiations of said trace periods.

6. A generator of periodic saw-tooth waves
having substantially linear trace and relatively
short retrace periods comprising, an output cir-
cuit including capacitance means, a voltage sup-
ply circuit and a vacuum-tube repester for ef-
fecting periodic charging and discharging of said
capacitance means and developing a voltage
across said output circuit from said supply cir-
cuit during said trace and retrace periods, said
tube having a grid voltage-conductance char-
acteristic free from excessive curvature over a -
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part of its operating range within upper and low-
er limiting regions, a feed-back circuit for said
repeater tube comprising a reversing tube and a
complex impedance proportioned to derive from
said output voltage a feed-back voltage having
saw-tooth and pulse wave-form components of
relative amplitudes independent. of those of said
output voltage for effecting operation of said
repeater tube over said part of said range and
said lower limiting region during retrace periods
of operation, means for determining the duration
of trace periods of operation of said repeater tube
and limiting said operation below said upper lim-
iting region, and resistance means in parallel
with said first-mentioned capacitance means for
by-passing said saw-tooth wave-form current
components from said capacitance means to shift
the operation of said repeater tube substantially
away from said lower limiting region substantial-
ly simultaneously with the initiation of said trace
periods, whereby the operation of said tube is
held above and below said lower and upper lim-
iting regions, respectivel , during said trace peri-
ods. . :

7. A generator of bericdic saw-tooth waves
having substantially linear trace and relatively
short retrace periods comprising, an output cir-
cuit including capacitance means, means includ-
ing a voltage supply cireuit gnd 5 vacuum-tube re-
peater having a contro] electrode for effecting
periodic charging of said capacitance means from
said supply circuit by substantially constant cur-
rent in one direction during said trace periods
and discharging of said capacitance means by
current flow in the opposite direction during said
retrace periods, said vacuum tube having a grid
voltage-conductance characteristic free from ex-
cessive curvature over a part of its operating
range within upper and Ilower limiting regions,
a feed-back circuit for-said repeater tube com-
prising a reversing tube having an input eircuit
and impedance means coupling said input circuit

" to said output circuit and proportioned to derive
therefrom a feed-back voltage of pulse wave form
and a load circuit for saiq reversing tube coupled
to said repeater tube control electrode and com-
prising a series resistor and condenser for de-
veloping a control voltage wave having saw-tooth
wave-form components and pulse wave-form
components determining the duration of retrace
periods of operation and to effect operation of
said repeater tube within one of said limiting re-
glons during said retrace periods, means for ap-
plying synchronizing pulses to said input circuit
for determining the duration of trace periods of
operation of said repeater tube within said part
of said range, and resistance means in parallel
with said first-mentioned capacitance means for
by-passing said saw-tooth wave-form current
components from said capacitance means to shift
the operation of said repeater tube substantially
away from said last-mentioned limiting region
substantially simultaneously with the initiation of
said trace periods, whereby the operation of said

tube is held above and below said lower and up-

per limiting regions, respectively, during said
trace periods.

8. A generator of periodic saw-tooth waves hay-
ing substantially linear trace ang relatively short
retrace periods comprising, an output circuit in-
cluding energy-storage means, an energy supply
circuit, and a repeater device for effecting peri-
odic charging and discharging of said storage
means from said supply circuit, said device hay-
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Ing a repeating characteristic free from excessive
curvature over a part of its operating range be-
tween relatively sharply curved limiting regions
thereof, a feed-back circuit for said device re-
sponsive to operating conditions in said output
circuit for controlling said device to cause opera-
tion thereof over said part of -said range and at
least one of said limiting regions, impedance
means effectively coupled to said storage means
and so proportioned with respect to the im-
pedance thereof as to shift the .operation of said
device substantially away from said limiting re-
gion during trace periods, means for adjusting
the amplitude of the wave developed by said gen-
erator, said amplitude adjustment being inde-
bendent of the linearity of said developed wave,
and means for adjusting the linearity of the wave -
developed by said generator, said linearity ad-
justment being independent of the amplitude of
said developed wave. ;
9. A generator of periodic saw-tooth waves
having Substantially linear trace and relatively
short retrace periods comprising, an output cir-
cuit including energy-storage means, an energy
supply circuit, and a repeater device for effecting
beriodic charging and discharging of said storage
means from said supply circuit, said device hav-
ing a repeating characteristic free from excessive
curvature over a part of its operating range be-
tween relatively sharply curved limiting regions
‘thereof, a feed-back circuit for said device re-

- Sponsive to operating conditions in said output
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circuit for controlling said device to cause op-
eration thereof over said part of said range and
at least one of saig limiting regions, impedance
means effectively coupled to said storage means
and s0 proportioned with respect to the im-
pedance thereof as to shift the operation of said
device substantially away from said limiting re-
gion during trace periods, means for adjusting
the amplitude of the wave developed by said gen-
erator, said amplitude adjustment being inde-
bendent of the frequency of said developed wave,
and means for adjusting the free oscillating fre-
quency. of said generator, said frequency adjust-
ment being independent of the amplitude of said
developed wave,

10. A generator of periodic saw-tooth waves
having substantially linear trace and relatively
short retrace periods comprising, an output cir-
cuit including energy-storage means, an en-
€rgy supply circuit, and g repeater device for ef-
fecting periodic charging and discharging of said
storage means from said.supply circuit, said de-
vice having a repeating characteristic free from
excessive curvature over g part of its operating
range between relatively sharply curved limiting
regions thereof, a feed-back circuit for said de-
vice responsive to operating .conditions in said
output circuit for controlling said device to cause
operation thereof over said part of said range and
at least one of said limiting regions, impedance
means effectively coupled to said storage means
and so proportioned with respect fo the impedance
thereof as to shift the operation of said device sub-
stantially away from said limiting region during
trace periods, means for adjusting the linearity
of the wave developed by said generator, said
linearity adjustment being independent of the
frequency of the developed wave, and means for
adjusting the free oscillating frequency of said
generator, said frequency adjustment being in-
dependent of the linearity of saig developed wayve,
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