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My invention relates to impulse generators and
‘more particularly to generators of the type adapt-
ed to provide either saw-tooth current waves or
saw-tooth potential waves.

5  In television receivers of the type utilizing
cathode ray tubes as translating devices for ren-
dering visible incoming radio signals representa-
tive of a view at a distant transmitter, it is ex-
pedient, for ray-deflection, to apply across the

10 path of the electron stream a flux or a potential
that periodically increases uniformly from a nega-
tive to a positive value and then decreases rap-
idly to the starting potential or vice versa, By
reason of the fact that the graph of the flux or

16 potential amplitude, if plotted against time, re-
sembles the edge of a saw the phrase “saw-tooth”
wave has been generally adopted in- the art

as describing either the current or the potential
wave and it isto generators of waves-of this type

g0 that my invention pertains. . .

' The “ideal wave shape for ray deflection or
scanning purposes in a cathode ray tube should
be such that theslope of each portion thereof,
corresponding to a scanning period, with. respect

o5 to ' reference axls is constant. Such wave
.shapes can be obtained with generators of known
types but it has been noted that when an effort
is made fo utilize either a potential or a current
saw-tooth ‘wave in utilization networks such as

.30 on the deflecting plates or in the deflecting coils
rassociated with the cathode ray tube, distortion
is 'introduced so that the actual fluctuating po-
tential appearing across the plates or the actual
fluctuating intensity of the magnetic flux departs

35 from ldeal conditions. = -

It is, accordingly, the principal object of my
invention to provide a saw-tooth wave generator
wherein the ideal output wave shape is distorted
to compensate the distortion caused by a. utiliza-

40 tion network, and from which the output po-
tential or current may be utilized directly upon
the deflecting plates in a cathode ray tube or in
the ‘deflecting coils for, deflection purposes.’
| 'The novel features which I consider character-

45 istic of my invention are set forth with particu~

larity in the appended claims. The invention

" itself, however, both as to its organization and

its method of operation, together with additional

objects and advantages thereof, will best be un-
derstood from the following description of a spe-

¢ific embodiment’ when .read in connection with -

the accompanying drawings, in which:
Fgure 1 is a diagrammatic view of a portion of
55 a televislon receiving system' including a saw-

tooth wave generator cohstructed according to
my invention, ‘ P
Figures 2:to 8, inclusive, are wave-form graphs
to which reference will be made in explaining
the operation of my improved generator, and
Tigure 9 Is o diagrammatic view illustrating the
application of my invention to a generator that
supplies saw-tooth waves to electromagnetic de-
flection colls associated with a cathode ray tube.
Referring now to Figure 1 of the drawings, &
saw-tooth wave generator, to which my invention
is applicable, includes.an impulse source f, pref-
erably supplying periodically recurring positive
impulses to the grid 8 of a thermionic driver
tube 5 with respect to the cathode T thereof. The
grid, cathode and anode 9 of the driver-tube are
connected to appropriate points on a bleeder re-
sistor (4 which is connected across the terminals

".of & direct current source (not shown).

By reason of the grid and cathode connections
{3 and (5, the driver-tube is biased negatively
considerably beyond the cut-off point and nor-
mally ‘draws no current between impulses from
the impulse source. -During the period between
positive impulses, therefore, a condenser |1, ef-
fectively connected in parallel across a.resistor

19 in the anode circuit of the driver-tube and a -

portion of the potential source, acquires a posi-
tive charge at a relatively slow rate. Each posi-
tive impulse applied to.-the grid of the driver-

‘tube abruptly reduces its plate impedance and

the charge on the condenser is dissipated sub-
stantially instantaneously.

" The positive potential impulses and the poten-
tial appearing across the output resistor of the
driver tube, plotted with respect to the same
time-axis, are exemplified by Figures 2 and 3 in
the drawings. It will be noted that the output
potential appears as a saw-tooth wave, These
graphs, as well as the additional graphs in the
drawings, are for the purpose of illustrating wave-
forms only; they do not illustrate comparative

-amplitudes. :

The input circult of a wave-amplifier tube 21 -

. {s connected. across.the driver-tube output re-

sistor 19, a stopping condenser 23 being included
in the connecting network. Connections 25, I8
and 29 extending from the grid, cathode and
anode of the wave amplifier tube, respectively,
to the bleeder resistor, supply the tube with
appropriate operating potentials. The recurrent
potentials across a resistor 31 included in the
output circuit of the wave-amplifier tube are
exemplified by Figure 4 of the drawings and such

potentials are impressed,'through a stopping con- -
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denser 33, across the input circuit of a third
thermionic device 38, hereinafter referred to as
the output tube. The same bleeder resistor (I
supplies energizing potentials to the output tube
35 as shown in the drawings, a choke-coil 87
being included in the anode-supply connection 39,

A connection, including a stopping condenser
41, extends from the anode of the output tube
to a point 43 on an auto-transformer 48, dis-
Dlaced somewhat ~from the electrical center
thereof, and the terminals of the auto-trans-
former are connected, respectively, to the hori-
zontal deflecting plates 47 and 49 in & cathode
ray receiving tube b1. s '

" The deflécting circuit for the deflecting plates
which includes ‘the auto-transformer and the-.

associated eléments is described and claimed in
my copending application Serial No. 737,163, filed
July 27, 1934, and assigned to the Radio Corpo-

“T20-ration of America. .

25

. : ~
The function of the deflecting plates is-to
cause the electron stream.in the tube to.move
horizontally across a fluorescent screen in

-one direction at a rate corresponding to the slope

of the saw-tooth wave in the perlods between

- positive impulses to the generator from the im-
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pulse source and to rapidly return to its starting

point upon the occurrence of the impulse. For '

this purpose, the ideal potential wave on the
plates should correspond in shape to the poten-
tial appearing across the output resistor 18 of
the driver-tube. Unfortunately, however, by rea-
son of inherent limitations encountered in the
design of wave-utilization networks, the poten-
tial appearing across the deflecting plates in the
tube, when plotted along the same time-axis
hereinbefore referred to, ‘appears as shown in
Figure 5, wherein it will be noted that the wave
shape, at one side of the zero axis, differs from
that on the other side of the axis in that the
slope is not constant. Heretofore, all efforts
to secure wave-form correction through modi-
fication. of the constants of the various elements
described, have been substantially unsuccessful

although many attempts have been made in that

" direction.
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- tain amount of phase shift.
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For example, keeping in mind that a saw-
tooth wave, when analyzed into s Fourler series,
is composed of a large number of sine waves,
I have obtained approximate compensation
through frequency discriminating networks in the.
amplifier and/or networks which introduce a cer-
The results, how-
ever, have not been satisfactory since, as stated,
the compensation is only approximate and noth-
Ing short of exact compensation will prevent
distortion in the received picture.

In accordance with my invention, therefore,
I depart from the usual practice of trying to
securé correction In-the output eircuit of the
generator or in the coupling networks therein
and, Instead, I introduce a ctorrective potential
early in the system. v '

Specifically, I connect the fnput circuit of a
wave correction tube 85 in parallel with the input
circuit of the wave amplifier tube 21 and I also
connect the output -elrcuit thereof in parallel
with the output circult of the said amplifier tube,
The grid and cathode of the wave correction tube
are also connected, as shown in the drawings,
to appropriate points on the bleeder resistor i1
for the purpose of supplying a fixed bias potential
thereto. - . .

The function of the wave correction tube is

to supply recurrent potential increments and to

\
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introduce these increments into the output cir-
cuit' of the wave-amplifier tube at such times
as will give rise to a composite potential wave
across the resistor 31, the wave having such
form that, when it is applied to the output tube
it causes an output wave therefrom which is
corrected to compensate the distortion introduced
by-subsequent wave utilization networks,

More particularly, I so connect the grid of -

the wave correction tube to the bleeder resistor
{1 that it is normally negatively biased beyond
the cut-off potential. When, therefore, the wave
correction tube is energized, in phase with the
wave-amplifier tube, only the positive peaks of
the energizing potential wave give rise to peri-
odic increments of current in the output circuit
thereof which current increments, as will be
noted_from the drawings, must also flow in the
output ‘resistor 3f of the wave-amplifier tube.

" The periodic increments of potential appearing

across the said output resistor are exemplified
by Figure 6 of the drawings and the composite
potential wave.across the said resistor is ex-
emplified by Figure 7.

It will be noted from an inspection of Figure 7
that the slope of the wave at one side of the
reference axis Is not constant and that the de-
parture from MHnearity is the inverse of the de-
parture from linearity of the wave exemplified
by Figure 5, it, of course, being understood that
the relative positions of the said waves, with
respect to the reference axis, are reversed.

When the distorted composite wave is im-
pressed upon the output tube the output poten-
tials therefrom correspond thereto and the out-
put potential wave is, therefore, corrected in the
direction to compensate for the distorted wave,
exemplified by Figure 5 which otherwise would
be impressed upon the deflecting plates. Such be-
ing the case the actual potential wave impressed
upon the deflecting plates takes a form exempli-
fled by Figure 8 of the drawings, thus being truly
saw-tooth in shape, - . :

Under certain circumstances the potentials ap-
pearing across the output resistor of the driver-
tube may not be great enough to drive the grid

‘of the highly biased wave correction tube suffi-

clently positive to enable proper derivation of the
correction potentials. In such event, it is quite
feasible to interpose a voltage lowering resistor
§7, shunted by a bypass condenser §9, in the
anode supply circuit of the wave correction tube.
When this resistor is present the characteristic
curve of the tube is shifted in the zero direction,
&s 18 well known to those skilled in the art, thus
enabling smaller positive potentials applied to the
grid thereof to cause plate current increments
even though the tube is biased to the cut-off
point. : ’

In a specific embodiment of my invention, now
in everyday operation, the circuit components
have values as shown in the drawings.

I also wish to make it perfectly clear at this
point that my improved generator may be utilized
for the purpose of supplying a compensated saw-
tooth wave to electromagnetic deflecting colls or
the like. For this purpose it is only necessary
to interpose an additional stage of resistance-
condenser coupled, class A, amplification (not
shown, but exemplified by z, z, in Figure 1) be-
tween the wave-amplifier tube and the outpuf
tube and to connect the output circuit of the out-
put tube to the coils 61 and 83 as shown in Pigure
8. Preferably, the output tube for supplying the
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deﬁecting coils is of ‘the power amplifier pentode
type commercially known as RCA 2A5.

From a consideration of the foregoing, it will
be apparent that I have provided an improved
saw-tooth wave generator wherein acorrection
factor is so introduced that true saw-tooth wave
potentials or currents may be applied therefrom
to the ray-deflecting devices associated with a
cathode ray tube or to other utilization networks.

Although I have chosen a specific embodiment
of my invention for purposes of explanation,
many modifications thereof will be apparent to
those skilled in the art. My invention, therefore,
is not to be restricted except insofar as is neces-
sitated by the prior art and the spirit of the ap-
pended claims.

I claim as my invention:

1..In combination, a wave-utilization network,
a  source  of “periodically recurrent impulses,
means for deriving a saw-tooth wave from said
impulses; means for amplifying said saw-tooth
wave, and means for introducing distortion into
the wave to compensate wave distortion in said
wave-utilization network, . said distortion-intro-
ducing means comprising an electric discharge
tube normally biased to beyond the cut-off poten-
tial, connections whereby the saw-tooth wave is
impressed on the grid thereof with the proper
polarity to compensate said wave distortion, and
means for impressing said distorted wave upon
said wave: utilization network.

2. In combination, means for producing a saw-
tooth voltage, an electric discharge tube having
an input circuit and an output circuit which in-
cludes a plate impedance unit, means for im-
pressing said voltage upon said: input circuit,
and a second electric discharge tube having an

“input circuit connected in parallel with said first

40
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input circuit and an output circuit connected in

parallel with said plate impedance unit, said .

second tube being so biased that current flows
in its output circuit only when said./saw-tooth
voltage is above a predetermined instantaneous
value,

3. In combmatlon means for producing a
saw-tooth voltage, a wave utilization network,
means including ‘an electric discharge tube for
coupling said means to said network, a second
electric discharge tube having an input circuit
and an output circuit, and means for impressing
said saw-tooth voltage upon said input circuit,
said output circuit being so connected to a point
in sald coupling; ‘means between said first dis-
charge tube and?$aid network that the outputs of

3

sald two discharge tubes add, said second tube
being so adjusted that its output is changed only
when said saw-tooth voltage is above a predeter-
mined instantaneous value whereby there is com-
pensation for distortion produced in said net-
work.

4, Tn combination, a wave-utilization network
for utilizing saw-tooth waves, means for produc-
ing voltage waves having at least approximately
a saw-tooth wave form, and a pair of electric
discharge tubes having input circuits and output
cireuits connected in parallel, said input circuits
being coupled to said wave producing means and
said output circuits being coupled to said network,
said tubes being adjusted to have unlike out-
puts of such character that they add to produce
a substantially perfect saw-tooth wave in said
network.

5. Apparatus according to claim 4, character-
ized in that one of said tubes is biased to func-
tion as a substantially non-distorting amplifier
while the other of said tubes is biased at least
to . cut-off, !

6. In combination, means for producing a saw-
tooth voltage, an electric discharge tube which
is so biased as to function as a substantially non-
distorting amplifier, a second electric discharge

" tube which is biased at least to cut-off potential,

said two tubes being ‘connected in parallel, means
for impressing said saw-tooth voltage upon the
input circuits of said tubes, and means for sup-
plying the output of said tubes to a wave-utiliza-~
tion network. /

7. In combination, means for’ prodl/lcmg a saw-

tooth voltage, a wave-utilization network, means 3

including an electric dyscharge tube for coupling

said means to said network, a second electric dis-
charge tube having an input circuit and an output
circuit, and means for impressing said saw-
tooth voltage upon said input circuit, said out-
put circuit being so connected to - a point in said
coupling means between said first discharge tube
and said network that the outputs of said dis-
charge tubes add, said second tube being so
adjusted that said outputs add to produce a saw-
tooth wave having distortion therein which com-
pensates for distortion produced in said network
whereby a substantially perfect saw-tooth wave
appears in said network.

8. Apparatus according to claim 7, character-
ized in that said second tube is biased at least
to cut-off. )

WILLIAM A. TOLSON,

10 .

15

20

30

40

45

50




