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This invention relates to periodic wave gener-
ators and particularly to periodic saw-tooth wave
generators for developing an output, the wave
form of which has relatively long trace and rela-

5 tively short retrace.intervals. While the inven-
tion is of general utility, it is particularly useful
as & scanning wave generator for a television sig-
nal receiver. ‘The invention also is of particular
utility in a periodic wave repeater adapted to be
exeited by perlodic pulses, such as in & frequency
divider where undesired other pulses may occur
during the trace interval and only a certain
periodic pulse Is Intended to control the excita-
tion,
~ For some purposes, it is necessary to develop a
current of saw-tooth wave form having relatively
long trace and relatively short retrace intervals.
In & television receiver of the type which utilizes
a cathode-ray signal-reproducing tube with mag-
netic scanning, this current is delivered to a
scanning inductor for deflection of the cathode-
ray beam. Certain generators for providing such
8 saw-tooth current include an oscillator, the
natural period of which is slightly greater than
the period of the desired wave, together with a
source of synchronizing signals for synchronizing
the oscillator. ‘A periodic wave generator of this
type i3 disclosed in applicant’s copending appli-
cation Serial No. 256,033, filed February 13, 1939.
39 Perfodic wave repeaters in such generators,
‘adapted to be excited by periodic pulses, may have
an undesirable characteristic in that undesired
other pulses present with the desired pulses tend
to affect the operation of the repeater and this
particularly Is true if they have an amplitude
.comparable with that of the desired pulses. For
example, in submultiple-frequency generators or
frequency dividers, such as those commonly used
in the timing system of television transmitting
apparatus, it often is desirable to effect synchro-
nization by only particular ones of the pulses from
& source of periodic synchronizing signals, it be-
ing particularly desirable that the apparatus be
insensitive to the other pulses. A periodic wave
repeater concerned with this problem is disclosed
in applicant’s copending application Serial No.
264,935, filed March 30, 1939.
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It is often desirable in a saw-tooth “wave

generator that the period of the generated wave
be critically determined and, therefore, stablein a
free-running condition. Also, as pointed out
above, it is usually desirable that the generator

or oscillator be insensitive to undesired noise or’

synchronizing pulses other than the synchroniz-
55 ing pulse which occcurs at the initiation of the re-
trace and thereupon trips the oscillator. The
former desirable feature is present in an insuffi-
cient degree in the usual self-oscillating systems,
while the latter feature is subject to improvement
go in the usual repeater systems in which periodic

(CL 250—36)

synchronizing pulses are applied to an oscillator.
It is known in the prior art how to desensitize a
vacuum tube of the generator during the major
part of a cycle to prevent disturbance by unde-
sired pulses such as static or intermediate pulses
occurring during the trace interval. The prior
art includes arrangements for feeding back saw-
tooth voltages for this purpose, but they are not
completely satisfactory in some cases because
their desensitizing action is maximum only at the
beginning of the trace interval.

It is an object of the present Invention, there-
fore, to provide an improved periodic wave gener-
ator for developing an output of saw-tooth wave
form with relatively long and preferably linear
trace intervals and relatively short retrace inter-
vals, which overcomes one or more of the above-
mentioned disadvantages of the arrangements of
the prior art.

It is still a further object of the invention to
provide an improved saw-tooth wave generator,
the period of which is critically determined and
therefore stable in a free-running condition.

Tt is another object of the invention to provide
an improved periodic wave repeater or generator
which 1s adapted to be excited or synchronized by
periodic pulses applied thereto and which is in-
sensitive to pulses other than the synchronizing
pulse which determines the period of the gener-
ated wave.

In accordance with the invention, a perlodic
wave generator, for developing an output of saw-
tooth wave form with relatively long trace and
relatively short retrace intervals, broadly com-
prises an Input circuit adapted to be connected
to a source of periodic pulses synchronous with
the desired output wave and incidentally subject
to undesired other pulses, a vacuum-tube repeater
coupled to said input circuilt for developing sald
output wave, means for deriving.from the periodic
pulses & periodic wave, the form of which pro-
vides & maximum rate of change in one sense at
the beginning of each trace interval and pro-
gressively varies to a maximum rate of change in
the opposite sense at the end of each trace inter-
val, and means for applying said perlodic wave
to said input circuit with such polarity that it
does not reduce the effectiveness of said periodic
pulses on said repeater but does reduce the effec-
tiveness of said other pulses on sald repeater.
The derived wave preferably Is a parabolic volt-
age wave which operates either to stabilize the
running frequency of the generator or to protect
it against interference over the major portion of
its cycle, or both. The running frequency of the
generator or oscillator is made more stable by
causing the oscillator fo trip itself more abruptly
at the end of the trace interval.

In a preferred embodiment of the invention,
the periodic wave generator includes integrating
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means coupled to the input circuit for deriving a
saw-tooth voltage from the periodic pulses, means
including integrating means for deriving a saw-
tooth output current from the periodic pulses,
integrating means for deriving a parabolic volt-
age from the saw-tooth current, and meang for
applying both the saw-tooth and parabolic volt-
ages to the input circuit with such polarity that
they do not reduce the effectiveness of the
periodic pulses on the first-named integrating
means but do reduce the effectiveness of undesired
other pulses on the first-named integrating means
by & maximum amount during the initisl portion
of the trace interval, )

For & better understanding of the invention
together with other and further objects thereof,
reference Is had to the following description
taken in connection with the accompanying
drawing, and its scope will be polnted out in the
appended claims.

In the drawing, Fig. 1 is a circuit diagram,
partly schematic, of o complete modulated-car-
rier television-signal receiver embodying one
form of the invention as a line-frequency scan-
ning generator while Plg. 2 comprises grapvhs
{Dustrating certain of the operating character-
istics of the system of Fig. 1.

Referring aow more particularly to the draw-
ing, the system flustrated in Fig. 1 comprises &
modulated-carrier television-signal receiver of
the superheterodyne type inciuding an antenna
system 18, i1 connected to a radio-frequency am-
plifier 12 to which are connected in cascade, in
the order named, an oscillator-modulator 3, an
intermediate-frequency amplifier 44, a detector
i35, & video-frequency amplifier {8, and an image-
reproducing device {1, A lne-frequency gen-
erator 18 and s fleld-frequency generator {8 are
coupled to the output circuit of the detector 45
through a synchronizing-signal separastor and
processor 28, the line-frequency generator (8 be-
ing coupled to & line-scanning winding 2§ of
image-repreducing device (7 and the output of
the fleld-frequency generator 1§ being coupled to
& field-scanning winding 22 of image-reproduc-~
ing device {7 in g conventional manner. The
stages or units {0—i7, jnclusive, 48, and 28 all
may be of conventional well-known construction
50 thai detafled {llustrations and descriptions
thereof are unnecessary herein.

Referring briefly, however, to the operation
of the above-described system as 2 whole, %ele-
vision signals intercepted by antenns circuit 10,
ff are selected and amplified in radic-frequency
amplifier 12 and coupled to the oscillator-modu-
lator {3, wherein they are converted into inter-
mediate-frequency signals which, in turn, are
selectively amplified in the intermediate-fre-
quency amplifier 14 and delivered to detector 1i§.
The meodulation components of the signals are
derived by the detector {5 and are supplied to
the video-frequency amplifier 16, whereln they
are amplified and from which they are supplied
in the usual manner to a brightness-control elec-
trode of the image-reproducing device !7. The
modulation components are also supplied o the
synchronizing-control circults of generators 18
and I9 threugh separator 20 which separates the
line-frequency and fleld-frequency components
from the video-signal components and from each
other. The intensity of the scenning eam of
the device i7 is modulated or controlled in sc-
cordance with the video-frequency voltages im-
pressed upon its brightness-contnol electrode in
the usual manner. Scanning waves are gener-
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ated by the line-frequency and fleld-frequency
generators 18 and 18, respectively, which are syn-
chronized by the output of synchronizing-signal
seperator and processor 20 and applied to the

scanning elements of the image-reproducing de- 5

vice to produce electric scanning flelds, thereby
to deflect the scanning beam in two directions
normai to each other so as to trace a rectilinear
scanning pattern on the screen and thereby re-
construct the transmitted image.

Referring now more particularly to the portion
of Fig. 1 embodying the present invention, there
is provided an improved periodic wave generator
18 for developing an output current of saw-tooth
wave form with relatively long substantially
linear trace and relatively short retrace inter-
vals, The generator 18 is essentially an oscil-
lator which can be synchronized with a relatively
weak pulse of short duration derived from unit
28 at the beginning of the retrace interval. The
generator {8 comprises an input vacuum tube 23,
an output vecuum tube 24 and an efficlency tri-
ode 25. The tube 22 is utilized as a driver tube
for deriving the required input wave form for
conirolling the output tube 24 and its control
electrode Is coupled to. the synchronizing-signal
separator and precessor unit 20 through the gen-
erator input circuit comprising a blocking con-
denser 28 and leak resistor 27. ‘The tube 23 is
normelly biased substantially to cutoff by an
adjustable cathode-bias circult comprising a re-
sistor 28 shunted by a condenser 29, the time
censtant of which has a major influence on, and
preferably is of the same order of magnitude as,
the pericd of the generated wave.

In order to develop an input voltage of the
required wave form for the tube 24, there is pro-
vided a wave-shaping circuit comprising a series-
connected resistor 30 and condenser 3! connect-
ed in the anode clircuit of tube 23. Condenser 31
is shunted by a resistor 32 to carry the unidirec-
tional component of the space current of tube
28, that is, to charge the condenser 2! steadily
during the trace intervals to produce a saw-
tooth voltage component thereacross. The re- 4
sultant voltage across resistor 38 and condenser
31 is applied to the conirol electrode of tube 24
by means of a coupling condenser 33 and g grid-
leak resistor 34. 'Thus, the vacuum-tube repeat-
er 24 is coupled through tube 23 to the generator 5
input circuit comprising the condenser 28 and
resistor 27.

The output tube 24 is preferably a high-mu
fube and includes some means for suppressing
secondary emission from its anode, a beam type §
of tube being assumed for this purpose in Fig. 1.
A bias Zor the tube 24 is obtained by g cathode-
bias resistor 86 shunted by & condenser 27 which,
in the absence of the present invention, would
be merely a by-pass condenser. The periodic ©
voltage across condenser 37 is applied to the con-
trol electrode of the driver tube 22 by a circuit
including the resistor 35 and the resistor 27 in
series.

The anode circuits of the high-mu output tube
24 and the efficiency tube 28, preferably 2 low-mu
tube, are coupled, as shown, with opposite polari-
ties to the load circuit of the system. The com-
mon output circuit of tubes 24 and 25 includes a
parallel-resonant circuit comprising shunt ca-
pacitance 38, shown in dotted lines for the reason
that it may be comprised in whole or in part of
the inherent capacitance of the circuit, and the
load inductance of scanning coil 21, coupled into
the tuned circuit by means of a step-down trans- 7
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former comprising inductively-coupled primary

and secondary windings 3% and 48, respectively,

for converting the relatively small inductance of

scanning coil 21 to the larger inductance required
5 in the output circuit of the system. The effec-
tive inductance of the resonant output circuit of
tubes 24 and 25 15 thus that of the transformer
windings 39 and 40 as meastired with the scan-
ning coil 21 connected acros the winding 40.

A condenser 41 is connected in series with a
resistor #2 directly across the load circuit, the
voltage across resistor 42 being applied to the
control electrode of the tube 28 through a con-
denser 43 and voltage-divider resistors 44 and
46. The initial grid bias on the inverted tube
25 is determined by the ratio of resistors 42, #4,
and 43, An additional diréct current source 4§
may be needed in the plate éircuit of -the tube 28§.

The generator {8 is provided with a feed-back
circuit comprising a direct current blocking con-
denser 4T coupled hetween the common terminal

10
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4% of the transformer windings 39 and 40 and -

the control electrode of tube 23 through & resistor
#9. The values of resistors 27 and 38, which are
coupled across the input circuit of tube 23 to-
gether with that of resistor 49, determine the

relative amount of feedback and the coupling

- from the synchrenizing separator unit 28 to the
control electrode of tube 23. The scanning coil
2{ is coupled to the transformer winding 48, as
pointed out above, and suitable sources of uni-
directional voltage are provided for tubes 283, 24,
and 25, as indicated by the several batterles in
Fig. 1 of the drawing.

In considering the operatlon of the perlodic
saw-tooth wave generator 18, neglecting for the
moment the particular features of operation
which characterize the present invention and
assuming a fraction of the pulse voltage appear-
40 Ing across the load circuit is returned to the con-

trol electrode of driver tube 23 by feed-back path

including condenser 41 and resistor 48, at the

- same time a pulse is received from unit 20, these

components are sufficient to overcome the cutoff
45 blas of tube 23 and the resultant pulse current

which flows In the anode circuit of the tube 23
charges the cathode condenser 29. The subse-

gquent discharging of the cathode condenser 28

thyr uu@rh resistor 28 develops & saw-tooth voitage

50 @, Plg. 2, In the cathode circuit of the driver tube
23. The output pulse current of the tube 28

develops 3 pulse yoltage across resistor 38 and a

saw-tooth voltage across condenser 3{, the rve-

sultant of which is applied to the control elec-
53 trode of the cutput tube 24 to develop an ocutput
current of saw-tooth plus pulse wave form.

‘Thus, the condenser 3! and resistor 32 comprise

Integr atmg means coupled to the input circuit of

tube 24 for deriving in the output circuit thereof
g0 & saw-tooth current from the periodic input

pulses from unit 20, this saw-tooth current being
synchronous both with the pulses applied to the

T30

a5

inpui circuit of tube 23 and with the pulses de-

veloped in the output circuit thereof. The cir-
85 cult constants are so proportioned thct the pulse
volitage appled to the control electrode of tube
24 is sufficient to drive the tube 24 to cutoff dur-
ing the retrace interval. The saw-tooth com-
ponent of current flowing in the cathode circuit
70 of the tube 24 develops & parabolic voltage wave
b across the cathode resistor 36 and condenser
37. At the beginning of the retrace interval, load
inductance 21 is carrylng maximum current
which is diverted to flow through the capacitance
7% 38 becamuse that Is the only remaining current

3

path, the high-mu tube 24 being biased beyond
cutoff and the low-mu tube 28 beihg connected
with opposite polarity so that it is nonconductive
to this current. The energy of the current in in-
ductance 21 is transferred to capacitance 38, the
circuit completing s portion of & cycle cf free
oscillation and building up a reverse current in
inductance 21 to a value nearly -equal to its
previous maximum value.

As the voltage across the load circuit reverses
during the retrace interval, the low-mu tube 25
becomes conductive to carry the reverse current
of load inductance 21 and thereby prevenis the
building up of a subsiantial reverse voltage across
the load circuit and any substantial reverse
charging of the capacitance 38. The output
current of tube 28 commences to build up in value
at the end of the retrace interval, that is, at the
end of the pulse from tube 23 which operated
the high-mu tube 24 beyond its cutoff point. The
current then gradually rises in tube 24 during
the succeeding trace interval, the rate of charge
of current in its output circuit belng determined
primarily by the wave form of the voltage on its
control electrode, and at the same time the cur-
rent gradually falls in tube 25 as the voltage
across the load circuif reverses polarity as the
current builds up in the load circuit. In addi-
tion, the voltage on control electrode of tube 25
derived from circuit &1, 42 keeps it near cutoff
except during the positive pulse developed in
the retrace interval.

By adjusting the value of resistor 28 the fre-
quency of the generator may be changed sub-
stantially independently of its other character-
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istics. The amplitude of the saw-tooth output

current of the generator may be controlied sup-
stantially independently of its other character-
istics by adjusting the unidirectional voltages
supplled to the tubes, preferably simultaneousiy.

The input circuit comprising the condenser 28
and resistor 27 is adapted to be connected to the
source 28 of periodic pulses synchronous with
the desired output wave and incidentally sub-
Ject to excitation by undesired other pulses. The
particular features of operation which charac-
terize the present invention reside in deriving
from selected ones of the periodic pulses sup-
plied to the input circuit of the generator s
periodic parabolic voliage, the wave form of
which provides a maximum rate of change in
one sense at the beginning of each trace inter-
val, and progressively varies to 8 maximum rate

40
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of change in the opposite sense at the end of

each trace interval, and applying such pericdic
voltage to the input circuit with such polarity
that it does not reduce the effectiveness of the
selected puises but does reduce the effectiveness
of pulses other than said selected pulses, which
undesired other pulses may include undesired
transients and may occur between said selected
bulses. The current fSowing in the cathode cir-
cuit of tube 24 has a saw-tooth component from
which the condenser 37 derives a parsbolic volt-
age b which appears across the cathode resistor
38 and the condenser 31. Thus, the condenser
37 and resistor 86 comprise integrating means
for deriving s parabolic voltage from the saw-
tooth current of tube 24 or, expressed in an-
other way, comprise means for deriving from
the periodic pulses of unit 20 a periodic wave
the form of which provides a maximum rate of
change in one sense at the beginning of each
trace interval and progressively varies to 8 max-
imum rate of change in an opposite sense at the
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4
end of each trace Interval. The grid return of
the input tube 23 includes the cathode-bias cir-
cuit of the output tube 24 so that the parabolic
voltage b is applied negatively to the control
electrode of tube 23. Since the parabolic volt-
age b has a maximum value during the middle

* portion of the trace.interval, the tube 23 is thus

10

15

immunized against the disturbing influences of
equalizing pulses d, Fig. 2, or other undesired
pulses or transients during the middle portion
of the trace interval. Thus, the resistor 35 com-
prises means for applying the periodic parabolic
wave to the input circuit comprising the con-
denser 26 and resistor 27 with such polarity that
it does not reduce the effectiveness of selected
periodic pulses from unit 20 on the vacuum-tube
repeater 24 but does reduce the effectiveness of
undesired other pulses on the repeater.

Since the time constant of resistor 28 and

20 condenser 29 in the cathode circuit of the tube

23 is of the same order of magnitude as the
period of the generator, the output pulse current
of the tube 23 periodically charges the condenser
29 during the retrace interval, condenser 29 par-

28 tially discharging through the resistor 28 during

the trace interval. This produces a saw-tooth
voltage component a. The condenser 289 and

resistor 28 thus comprise integrating means’

coupled to the input circuit for deriving a saw-

30 tooth voltage from the periodic input puises from

unit 28. The third curve c of Fig. 2 Is the alge-
braic sum of the saw-tooth voltage a and para-
bolic voltage b and is the net voltage of the con-
trol electrode of the tube 23 relative to its cath-

35 ode during free-running operation.

it is seen that the voltage wave c is effective
to desensitize the tube 28 during the major part
of the cycle. It has the greatest effect in the
middle of thé cycle when equalizing pulses d may

40 appear in the synchronizing signal. It also de-
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sensitizes the system to noise or transient pulses
during the major part of the cycle. This func-
tion is particularly useful in a frequency di-
vider, where several pulses, such as d and ¢, may
occur regularly during the trace period and only
the pulse e is intended to trip the generator.

As pointed out above, the arrangements of the
prior art for feeding back a saw-tooth voltage
alone for this purpose are also inadequate to
provide a stable free-running generator since
the feed-back wave has a maximum slope only
at the beginning of the trace period and a grad-
ual slope at the end of the trace period when
the generator must be tripped. The parabolic
voltage: wave b of the present invention is ideal
for such purpose because it has a maximum slope
just at the point where it is desired to trip the
generator. Also, in the case of a driven gener-
ator, the slope of the feed-back wave is a maxi-
mum at the point at which the generator should
be sensitive to.the synchronizing pulse. There
is no problem of resonating a tuned circuit or
any other adjustment in order to develop the
voltage wave b because it is derived from an
aperiodic circuit including resistor 36 and con-
denser 371 and, therefore, is inherently in syn-
chronism with the generator. .

The dotted pulses d and e, as shown in Fig. 2
in connection with the voltage wave ¢, {llustrate
the behavior of the present system toward equal-
izing pulses d which occur in the middle of the
cycle as well as toward the desired synchron-
izing pulses e which occur at the end of the cy-

¥5 cle. The equalizing pulses d are prevented by

" Pulses from source 20 ceeeo

2,235,181
the feed-back wave ¢ from effecting operation of-

the system.

Thus, the broad aspect of the invention in-
volves developing a voltage wave which has a
broad extreme value near the middle of the
trace interval and progressively varies toward
an opposite extreme value at the end of the trace
interval, and utilizing said voltage wave to
stabilize the free-running frequency of the saw-
tooth wave generator and to desensitize it
against disturbing pulses over the major part
of the cycle. The free-running frequency of the
periodic wave generator is made more stable by
the generator being caused to trip itself more
abruptly at the end of the trace interval in the
absence of synchronizing pulses. By combining
the parabolic wave with a saw-tooth wave, the
generator is made less sensitive to disturbing
pulses occurring during the initial portion of the
trace period.

The following circuit constants are given as
illustrative of values of circuit elements which
may be utilized in the circuit of Fig. 1:

Inductance 21_.... 1 millihenry

Tube 23 e Type 6J5G

Tube 24 e Type 6L6G

Tube 25 .. Type 45

Resistor 27-.. - .~. 50 kilohms

Condenser 29_____. 0.005 microfarad
Resistor 30 .. _. 10 kilohms

Condenser 31__._.. 7560 micro-microfarads
Resistor 32._____.. 0.25 megohm
Condenser 33_____. 0.001 microfarad
Resistor 35 .. 10 kilohms

Resistor 36— .__-. 370 ohms

Condenser 37____... 0.1 microfarad
Capacitance 38._..... About 100 micro-microfarads
Winding 39........ 420 turns -

WwWinding 40 . 70 turns
Condenser41_...... 150 micro-microfarads
Resistor42__ . _-. 1 megohm .
Condenser 43_____. 0.001 microfarad
Resistor 44..c.....__. 5 megohms
Resistor45...._..._. 2 megohms

Source46. . ____. 40 volts .
Resistor49._._.__. 0.1 megohm

Ratio of retrace period to line period...... 0.12

10 volts positive

While the invention has been illustrated as
applied only in the line-frequency generator of
the recelver, it will be understood that the eircuit
of the field-frequency generator may also in-
corporate & circuit in accordance with the in-
vention.

‘While there has been described what is at
present considered to be the preferred embodi-
ment of this invention, it will be obvious to those
skilled In the art that various changes and modi-
fications may be made therein without departing
from the invention, and it 1s, 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 perlodic wave generator for developing
an output of saw-tooth wave form with relative-
ly long trace and relatively short retrace inter-
vals comprising, an input circuit adapted to be
connected to a source of periodic pulses syn-
chronous with the desired output wave and inci-
dentally subject to excitation by undesired other
pulses, 8 vacuum-tube repeater coupled to said
input circuit for developing said .output wave,
means for deriving from said periodic pulses a
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periodic wave, the form of which provides s
maximum rate of change in one sense at the be-
gluning of each trace Interval and progressively
varies to & maximum rate of change in an oppo-
site sense st the end of each trace interval, and
means for applying sald periodic wave to said
Input clreuit with such polarity that it does not
reduce the effectiveness of sald periodic pulses on
said repeater but does reduce the effectiveness
of sald other pulses on said repeater.

‘2. A periodic wave generator for developing an
output of saw-tooth wave form with relatively
long trace and relatively short retrace intervals
comprising, an input circuit adapted to be con-
nected {o a source of periodic pulses synchronous
with the desired output wave and incidentally
subject to excltation by undesired other pulses,
® vacuum-tube repeater coupled to said input
cireul for developing sald output wWave, means
for deriving from said perlodic pulses a parabolic
voltage, and means for applying sald parsbolic
yoltage to said input cfreult with such polarity
that it does not reduce the effectiveness of sald
periodic pulses on said repeater but does reduce
the effectiveniess of sald other pulses on said

- repeater,

3. A periodic wave generator for developing an
ouftpud of saw-tooth wave form with relatively
long trace and relatively short reirace intervals
comprising, an input circuit adapted to be con-
nected to a source of perlodic pulses synchronous
with the desired output wave and incidentally
subject to excitation by undesired other pulses,
integrating means coupled to sald input cireuit
for deriving a saw-tooth current from sald pe-

riodic pulses, integrating means for deriving a

parabolic voliage from said saw-tooth current,
aud means for applying sald parabolic voltage to
sald input elrcuit with such polarity that it
does not reduce the effectiveness of sald periodic
wulses on sald first-named integrating means but
does reduce the effectiveriess of sald other pulses
on sald Arst-named integrating means,

4, & perfodic wave generator for developing
an output current of saw-tooth wave form with
relotively long frace and relatively short ve-
trace Infervals comprising, an input clreult
adapted fo be connected to & source of perlodic
mizlaes synchronous with the desived outpub cure
rent wave and incidentally subject o erclige
tion by undesived other pulses, Integrating means
coupled to sald input clrewll for deriving ssid
siw-toocth outpub current from said periodic
pulses, Integrating means for deriving s PEL R

» Dolle voliage from said saw-tooth output current,

sned means for applying said paraboiic voltage to
seld inpub cirewls with such polarity that 1 does
nob rveduse the effectiveness of sald periodic
pulses on seid fArst-named integrating means
but does reduce the effectiveness of sald other
pulses on said first-named Integrating means,
8. & periodic wave generator for developing
an output of saw-tooth wave form with relative-
ly long trace and relatively short retrace nter-
vuls comprising, & vacuum tube having a con-
trol electrode and an anode cireuit, meansg for
normally biasing said tube substantially to cut
off, means for developing in said anode circuit
periodic pulses of current synchronous with the
deslred output wave and incidentally tending to
develop other pulses, integrating 1acans for de-
riving & saw-tooth current from zaid perfodic
pulses, infegrating means for deriving s parabolic

Ssubject to excitation

5

voltage from said saw-tooth current, and means
for applying seid parabolic voltage to said con-
trol electrode with such amplitude and polarity
as to reinforce said cutoff bias primarily in the
interval between said perfodic current pulses in
sald anode circuit. .

6. A periodic wave generator for developing an
output of saw-tooth wave form with relatively
iong trace and relatively short retrace intervals
comprising, an input circuit adapted to be con-
nected to & source of perlodic pulses synchroncus
with the desired output wave and Incidentally
subject to excitation by undesired other pulses,
a load circuit, integrating means coupled to said
input circuit and a vacuum tube repeater and an
efficiency iriode coupled to said load circuit with
reverse polarily for deriving a saw-tooth current

‘from said periodic pulses, integrating means for

derlving & parabolic voltage from said saw-tooth
current, and means for appiying said parabolie
voltage to said input eireuit with such polarity

. that it does not reduce the effectiveness of said

periodic pulses on said first-named integrating
means but does reduce the effectiveness of said
other puises on sald first-named integrating
means.

7. A periodic wave generator for developing
an output cwrrent of saw-tooth wave form with
relatively long trace and relatively short retrace
intervals comprising, an input vacuum tube hav-
ing & control electrode and an snode circutt,
mesans for normally biasing sald tube substan-
tially to cutoff, an output vacuum tube having
a control electrode and a cathode cireuit, means
for developing im said snode cireult periodic
pulses of current synchronous with the desired
output current wave and incidentally tending
to develop undesired other pulses, means Includ-
Ing & condenser for coupling said anode cir-
cuit to said outpui tube control electrode ‘for
deriving from said periodic pulses a saw-tooth
voltage for developing the desired gaw-tooth cur-

10

15

20

25

80

33

40

rent 1n said cathode ‘cireutt, & condenser in said

cathode circuit for deriving from said saw-tooth
current & parabolie voltage, and means for ap-
blying said parabolic voltage to sald input tube
control electrode with puch ampiltude and po-
larity ag to reinfores sadd cutof biss primarily
In the interval bebween onid periodic current
pulses In said anods cireuls, -

8. A perlodic wave generatop Tor developing amn

output of saw-tooth wave form with relatively

long frace and relatively shorg retrace intervaly
comspriving, an inpul clreult adapted to be cone
nected to & soures of periodie pulses syuchronous
with. the desired outpub wave and Incidentsily
by undesived other pulses,
integrating means coupled to said Input elreuts
for derlving s eaw-tooth vollage from sald peri-
odic puises, means including Integrating means
for deriving a saw-tooth current from said pe-
riodic pulses, Integrating means for deriving &
perabolic voltage from saig saw-tooth current,
and means for applying both said saw-{ooth and
parabolic voltages to said Input eireuit with such
relative polarities that they do not reduce the
effectiveness of said periodic pulses on said first-
named integrating means but do reduce the effec~
tiveness of said other pulses on aaid ‘frst-named
integrating means by & maximum amount dur-
ing the initial portion of the trace intervsl,

HARCILD A. WHEELRR,
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