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~ 1
My invention relates to generators for produc-
ing voltage variations of sawtooth form which
may be employed for deflecting the electronic
beam in cathode ray signal portraying. devices.
This application is a continuation-in-part of my
copending application Serial No. 482,403, filed
April 9, 1943, for Pulse systems and assigned to
the same assignee as the present invention,
Cathode ray electron discharge devices hav-
ing fluorescent screens on which signals are por-
trayed by the impingement thereon of a cathode
ray beam are commonly employed for obtaining
visual indications of high frequency signals. In
signal translating systems such as radic locating
apparatus of the echo type, the location of a dis-
tant object may be determined by the position
of an abrupt vertical deflection in a normally
horizontal trace, the distance between the be-
ginning of the trace and the vertical defiection
being a measure of the distance to the distant
object. In order that the signal accurately may
be portrayed without blurring, it is esséntial that
the horizontal trace always begin at the same
point on the screen, thereby insuring that verti-
cal pulses will occur at the same point in registry,
thereby avoiding lateral shifting of the vertical
deflection and consequent blurring of the visual
indication on the fluorescent screen. In order
that the horizontal trace may begin at the same
point on each occurrence thereof, it is necessary
that the starting voltage of the scanning wave
which controls the cathode-ray beam trace he the
same throughout the operation of the sawtooth
wave generator, Accordingly it is an object of
my invention to provide an improved sawtooth
wave generator in which each sawtooth rise be-
gins at the same voltage regardless of the varia-
tions in the time between the sawtooth waves.
The novel features which I believe to be char-
cteristic of my invention are set forth with par-
ticularity in the appended ¢laims. My invention
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itself, however, both as to its organization and

method of operation, together with further oh-

jects and advantages thereof, may best be under-

stood by reference to the following description
taken in connection with the. accompanying
drawing in which Fig. 1 represents diagrammati-
cally a sawtooth wave generator embodying my
invention, and Fig. 2 represents certain charac-
teristics pertaining to the operation of the gen~
erator of Fig. 1.

The generator shown in Fig. 1 is of the type in
which a capacitor is periodically charged and dis-
charged to provide the desired wave form, the
capacitor being charged from a suitable source
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substantially linearly and being discharged rap-
idly at predetermined intervals.  The intervals be-
tween the time of discharge and the subsequent

- starting of the charging cycle may vary. How-

ever, an arrangement is provided for insuring that
the starting of the charging cycle will always be-.
gin at the same voltage regardless of changes in
the interval between discharge and the start of
the next charge.

Referring now to the drawing, the generator
shown in Fig. 1 comprises-a capacitor 1 connected:
in series with a variable high resistance 2 across
a suitable source of direct current indicated as_ a:
battery 8, In order to charge and discharge the:
capacitor { and thereby produce a sawtooth wave,
two electron discharge devices 4 and & are con-
nected in parallel with each other and with the
capacitor I, a current limiting resistance 8§ being
connected in series with the device 4 which is of
the gaseous discharge type. The device £ includes’
an anode 7, a cathode 8, and a control electrode:
8. In order to render the device 4 alternately
conducting and nonconducting and thereby effect:
the desired charging cycle of the capacitor I, the
control electrode 9 is connected through a limit-
ing resistor 0 and by means of a coupling capac-
itor ! and resistor 12 to a suifable apparatus
{8 for generating a control voltage wave. .The:
control vo'tage wave comprises positive pulses of:
square wave form, When these positive pulses
are impressed on the control electrode 8, the de-
vice 4 is rendered conducting and the capacitor
{ is discharged rapidly therethrough. The square
positive pulses as indicated at 14 on the curve A
in both Figs. 1 and 2 may be of relatively short

-duration, whereas the interval between pulses is

long., For example, a wave may comprise posi-
tive pulses {4 of the order of 12 microseconds du-
ration occurring at intervals of 1200 microsec-
onds. During the operation of the generator, the
device & discharges the capacitor | very rapidly
during the first portion  of each of the positive
pulses {4, However, as the voltage across the
device 4 falls during the discharge of the capaci-
tor, it reaches a value such that ionization ceases
and the device becomes nonconducting. Tt is
therefore necessary to provide some arrangement
for preventing the starting of the charging cycle
of the capacitor when the device 4 becomes non-
conducting. Tiis in order to insure the complete
discharge of the capacitor { to a fixed minimum-
voltage that the electron discharge device 5 is pro-
vided. This device is highly evacuated and in-~
cludes an ancde 15, a cathode 1§, and a control
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electrode {1. The control electrode {T is con-
nected through a limiting resistor {8 across the
coupling resistance 12 so that it is excited simul-
taneously with the control electrode 8 by opera-
tion of the generator 13. Since the device 5 is in
parallel with the device 8, it provides a second
discharge path for the capacitor | and prevents
any rise of voltage should the device 4 become
nonconducting due to the fall:of vo'tage below
that necessary to maintain ionization of the gas.
Since the pulses 14 are of square wave form, the
voltage on the control electrode 1T remains con-
stant and the impedance of the device 5 also re-
mains at a low fixed value for the duration of each
pulse 14, Since the voltage of the source 3 is
maintained constant, the capacitor f is discharged
to the same voltage during each pulse {4 when
the adiustable resistance 2 is set so that the cur-
rent flowing through it remains constant during
the 'atter portions of the pulses {4. As indicated
in the lower curve B of Fig. 2, which represents
the change with time of the voltage across the
capacitor {, the voltage falls suddenly at the be-
ginnine of each of the pulses {4 as indicated at
19 and quickly reaches a constant value 28 which
prevails throughout the remainder of the pulse
14. Tt is thus possible for the durations of the
pulses {4 to vary within a wide range without
changing the minimum voltage to which the
capacitor | is discharged. The charging rate of
the cavacitor | is substentially a linear relation,
the resistance 2 being high. At the end of the
linear rise the positive pulse {4 renders both de-
vices 4 and 5 conducting to discharge the capac-
itor 1 to its minimum voltage determined by the
impedance of the device 5, and at the end of the
square pulse {4 both devices are rendered non-
conducting and the capacitor begins to charge.

The sawtooth wave B generated in the appara-
tus shown in Pig. 1 may be employed to energize
the deflecting elements of a cathode ray device
(not shown) which may be incorporated in a uti-
lization device indicated at 21, the device 21 being
coupled to the generating apparatus through the
capacitor 22.

From the foregoing it is readily spparent that
I have provided a simple circuit arrangement for
producing a sawtooth wave the linear rising por-
tion of which will always start at the same mini-
mum voltage regardless of wide variations in the
duration of the intervals between successive saw-
tooth portions of the wave.

While I have described and illustrated a spe-
cific embodiment of my invention, other modifi-
cations will occur to those skilled in the art, I
do not therefore desire my invention to be lim-
ited to the particular arrangement illustrated
and described and I intend by the appended
claims to cover all modifications within the spirit
and scope of my invention.

‘What I claim as new and desire fo secure by
Letters Patent of the United States, Is:

1. A generator for producing voltage variations
of sawtooth form comprising a source of direct
current, a capacitor, resistance means for con-
necting said capacitor across said source, two
electron discharge devices connected in parallel
with each other and with said capacifor, each
of said devices having an anode and a cathode
and a control electrode, means for impressing on
said control electrodes a periodic voltage wave
having square pulses in the positive direction, one
of said devices being rendered highly conducting
during the first portion of each of said square
pulses and the other of said devices having a pre-
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determined resistance during sald square pulses
whereby said capacitor is charged in the interval
between said pulses and is rapidly discharged
during each of said pulses to a fixed value of volt-
age dependent upon the resistance of said other
device.

2. A generator for producing voltage variations
of sawtooth form comprising a source of direct
current, a capacitor, resistance means for con-
necting said capacitor across said source, two
electron discharge devices connected in parallel
with each other and with said capacitor, each of
said devices having an anode and a cathode and
a control electrode, means for impressing on said
control electrodes a periodic voltage wave having
square pulses in the positive direction, one of said
devices being charged with a gas whereby said
device is rendered highly conducting and effects
a, rapid discharge of said condenser during the
first portion of each of said square pulses, the
other of said devices having a predetermined re-
sistance for the duration of each of said square
pulses whereby said capacitor is discharged to
the same predetermined voltage during each of
said square pulses and each charging of said ca-
pacitor in the intervals between said pulses be-
gins at the same voltage.

3. A generator for producing voltage variations
of sawtooth form comprising a source of direct
current, g capacitor and a resistance connected in
series with said source, two electron discharge de-
vices connected in parallel with each other and
with said capacitor, each of said devices having an
anode and a cathode and a control electrode,
means for impressing on said control electrodes
a periodic voltage wave having square pulses in
the positive direction, said means including lim-
iting resistors in series with the control electrodes
of said devices, one of said devices being ren-
dered highly conducting during the first portion
of each of said square pulses and the other of
said devices having a predetermined resistance
during said square pulses whereby said capacitor
is charged in the interval between said pulses
and is rapidly discharged during each of said
pulses to a fixed value of voltage dependent upon
the resistance of said other device.

4, A generator for producing voltage varia-
tions of sawtooth form comprising a direct cur-
rent source, a capacitor and a resistance con-
nected in series across said source, two electron
discharge devices each having a cathode and an
anode and g control electrode, said devices he-
ing connected in parallel with each other and
with said capacitor, said anodes being connected

to the positive terminal of said source and said

cathodes to the negative terminal thereof, means
for impressing simultaneously on both of said
confrol electrodes square pulses of predetermined
duration equal to the desired interval between
sawtooth waves whereby said devices are ren-
dered conducting to discharge said capacitor,
said capacitor being charged in the intervals be-
tween said pulses to produce a sawtooth wave,
one of said devices being of the gaseous discharge
type for facilitating the rapid discharge of said
capacitor during the first portion of each of said
square pulses and the other of said devices main-
taining a predetermined minimum voltage across
said capacitor for the remainder of the duration
of each of said square pulses whereby the saw-
tooth wave beginning at the end of each square
pulse starts at the same minimum voltage.
DONALD E. NORGAARD.



