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The present invention relates to cathode ray 
beam deflection circuits, and more particularly 
relates to those circuits which are designed to 
form part of a television System wherein the elec 
tron scanning bean of a cathode ray tube is de 
flected in at least one of its mutually perpen 
dicular directions by the action of an electrostatic 
field. 

Television Systems employing cathode ray tubes 
of the type having two pairs of electrostatic de 
flection plates commonly include means for gen 
erating two sawtooth voltage variations having 
different repetition frequencies. In certain 
known arrangements, these sawtooth voltages are 
respectively applied to one deflecting plate of 
each pair, while the remaining plates are main 
tained at ground or some other constant poten 
tial. In other known arrangements, however, 
two further sawtooth voltages are developed 
which are in phase opposition to the voltages in 
itially generated. These additional voltages are 
also applied to the deflecting plates in a manner 
Such that the cyclically varying potentials on 
the two plates of each pair are symmetrical, or 
balanced, with respect to a predetermined volt 
age level. 
ages is usually desirable, inasmuch as it increases 
the angle through which the cathode ray beam 
may be deflected and hence the size of the image 
raster area scanned by the beam. In addition, 
by causing the balanced voltages to have a ref 
erence level which coincides substantially with 
the second anode potential of the cathode ray 
tube, any defocusing of the cathode ray Scanning 
beam (which frequently results when a so-called 
"single-ended' deflecting circuit is used) is 
largely overcome. 

In one form of electrostatic deflecting arrange 
ment particularly adapted for use in television 
receivers, an electron discharge tube is provided 
with a time constant circuit connected to its 
anode and a further time constant circuit con 
nected to its cathode. Each of these time con 
stant circuits customarily includes a condenser, 
or other energy-storage device, which is dis 
charged by conduction of the tube and charged 
during the time that the tube is cut off. By 
Selecting proper values of resistance in the charg 
ing path of each conderser, the voltage developed 
in the anode circuit of the tube during Scasion 
will be a linearly rising Sawtooth, while the volt 
age appearing in the cathode circuit, will be sa, 
linearly failing sawtooth, turthermore these 
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2 
voltages will be balanced with respect to one ana 
other. A system operating in accordance with 
the above principles is described in a United 
States patent to C. E. Hallmark, No. 2,345,668, 
issued April 4, 1944. 
One disadvantage in such an arrangement, 

however, resides in the fact that the charges 
which are developed on the condensers in the re 
spective time constant circuits have peak-to-peak 
values which are lower than the voltage of the 
operating potential source itself. In fact, the 
peak-to-peak value of these developed charges 
must be considerably below the voltage supplied 
to the anode of the discharge tube during scan 
sion if approximate linearity of deflection is de 
sired. Thus the angle through which the cathode 
ray beam is deflected may be limited to such a 
degree that the circuit is rendered unsuitable for 
use in many types of television Systems. In order 
to overcome this disadvantage, it has been the 
procedure in certain cases to "step up' the volt 
age of the operating potential source, but, since 
this usually requires additional components, it 
vision apparatus. 

: Another type of presently employed deflection 
circuit is one in which the sawtooth-voltage-gena. 
erating network is arranged as a separate unit so 
that it merely provides the control, or driving, 
voltage for a power tube. The latter element in 
this case forms part of the circuit which actually 
Supplies sawtooth energy to the deflecting plates, 
As a consequence, a relatively high scanning volt. 
age output may be obtained relative to the amplis 
tude of the voltage which appears on the control 
electrode of the power tube. It is obvious, how 
ever, that this arragement is considerably more 
complex than one in which the output of the saws 
tooth generator is applied directly to the plates 
of the cathode ray tube itself, inasmuch as the 
latter circuit provides a deflecting voltage which 
is utilized directly for beam deflection without 
the presence of an intervening amplifier stage. 
According to one feature of the present invents 

tion, a single-tube cathode ray beam deflection 
circuit of the electrostatic type is provided in 
which a pair of parallel-tuned, or parallel-resos 
nant, inductance-capacitance networks are res. 
spectively connected in the anode and cathode 
circuits of an electron discharge tube. By prop 
erly determining the natural period of oscillation 
of these resonant netWorks, it has been found 
that the energy developed across the inductive 
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portion of each network during the retrace pe 
riods of the cathode ray beam (when the dis 
charge tube is conductive) may be utilized for 
the purpose of increasing the charge Which ap 
pears on the capacitive portion of each netWork 
during scansion. The peak-to-peak value of this 
charge may accordingly be raised to a point cOn 
siderably in excess of that which Would normally 
be reached as a result of charging the capacitor 
from the operating potential Source alone. Fur 
thermore, by a particular connection of these 
parallel-resonant networks, both with respect to 
each other and with respect to the electron dis 
charge tube, it has been found that the Wave 
forms of the voltages respectively appearing On 
the capacitive portions of the networks may be 
made substantially symmetrical about a fixed 
reference level. 

In accordance with a further feature of the 
present invention, a plurality of wave-shaping 
units are provided by means of which any dis 
similarity between the voltages respectively de 
veloped across the two resonant networks may 
be corrected. Furthermore, this is accomplished 
without increasing the distributed capacity in the 
circuit to an objectionable degree, and without 
appreciably increasing that portion of each de 
flection cycle which is allotted for the retrace 
action of the cathode ray scanning beam. 

In accordance with an additional feature of 
the invention, the balanced deflecting voltages 
which are developed in the manner above Set 
forth are capacitively coupled to the deflecting 
plates of the cathode ray tube. This eliminates 
any possibility that the waveform of these volt 
ages will be undesirably deformed in the cou 
pling circuit, such as frequently occurs when the 
cathode ray tube is coupled to the sawtooth gen 
erating circuit by some inductive member such as 
a transformer. In the latter case, high-frequency 
Oscillations, or transients, often result in vertical 
bars being visible on one side of the image raster 
due to “ringing' of the transformer following 
each retrace interval. Furthermore, transformer 
coupling requires very critical adjustment in order 
to obtain fidelity of image reproduction. s 
One object of the present invention, therefore, 

is to provide an improved form of cathode ray 
deflection circuit of the electrostatic type. 
Another object of the present invention is to 

provide an electrostatic cathode ray beam deflec 
tion, circuit adapted to produce deflecting poten 
tials which are balanced with respect to a pre 
determined voltage level, and which at the same 
time have peak-to-peak amplitudes which are 
greater than the maximum value of the Supply 
voltage source. 
An additional object of the invention is to pro 

vide a single-tube cathode ray beam deflection 
circuit of the electroStatic type, and further to 
provide a pair of parallel resonant netWorks 
which are respectively connected in the anode 
and cathode circuits of the tube in Such a man 
ner that the energy developed acroSS each Such 
resonant network during the retrace period of 
the cathode ray bean is made available during 
the succeeding Scanning interval to reinforce, or 
"boost,' the potential which would otherwise be 
developed for deflecting purposes as a result of 
the charging of the network capacitance from the 
operating potential Source. 
A still further object of the invention is to pro 

vide an electrostatic cathode ray beam deflection 
circuit including a single discharge tube having 
a pair of parallel resonant circuits respectively 
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4. 
associated with its anode and its cathode, the 
natural period of oscillation of these resonant 
circuits being so chosen that the energy developed 
thereaCrOSS during the time that the discharge 
tube is conductive is utilized during the time that 
the discharge tube is non-conductive to increase 
the angle through which the Scanning beam of 
the cathode ray tube is deflected with respect to 
the angle through which it would normally be 
deflected as a result of utilizing only the voltage 
Supplied by the source of operating potential. 
Other objects and advantages Will be apparent 

from the following description of preferred forms 
of the invention and from the drawing, in which: 

Fig. 1 is a circuit diagram of a preferred form 
of cathode ray beam deflection circuit in ac 
cordance with the present invention; 

Fig.2 shows the waveform of the Sawtooth Volt 
age present on one of the deflecting plates of 
the cathode ray tube of Fig. 1; and 

Fig. 3 is a circuit diagram of a modification of 
the arrangement shown in Fig. 1. 

Referring first to Fig. 1, there is shown a cath 
ode ray beam deflection circuit including an elec 
tron discharge tube W which is provided with an 
anode, a cathode and at least one control elec 
trode. This tube W is adapted to control the gen 
eration of Scanning potentials in a manner now 
to be set forth, these potentials being respective 
ly applied to a pair of horizontal, or line, de 
flecting plates H forming part of the deflecting 
a SSembly of an image-reproducing cathode ray 
tube. The latter also includes the usual means 
for developing a beam of Scanning electrons, 
which are then deflected by the plates H. So as 
to form a trace on the Screen of the tube. It 
will be further understood that the cathode ray 
tube is provided with an additional pair of de 
flecting plates or other means for producing a 
movement of the Scanning beam in a direction 
perpendicular to that produced by the plates H. 
However, this Second deflection means forms no 
part of the present invention, and hence an illus 
tration thereof has been omitted from the draw 
ing for the sake of simplicity. 
Tube W is designed to control the production 

of two cyclically varying voltages of sawtooth 
Waveform and opposite phase. Consequently, 
the tube must be rendered alternately conductive 
and non-conductive at a rate of 15,750 cycles per 
Second if the developed voltages are to be suit 
able for a horizontal, or line, deflection of the 
Scanning beam under present television stand 
ards. In order to permit the tube to operate in 
this manner, certain of the components of Fig. 1 
are arranged in the form of a biocking oscillator. 
A transformer T is included in the anode-cath 

ode circuit of tube W. So that the current flowing 
in this circuit will also flow through one winding 
of the transformer. The remaining winding of 
the transformer T has one of its ends connected 
directly to the control electrode of tube W, as illus 
trated, and its other end connected to one plate 
of a capacitor Cs. 
Accordingly, when tube V conducts, its grid, 

or control electrode, becomes initially strongly 
positive due to the voltage developed across the 
grid winding of transformer T by the flow of cur 
rent in the anode-cathode circuit of the tube. 
This initially positive condition of the grid causes 
a heavy flow of grid current to charge the 
capacitor C with a negative charge. This is 
effective to bias the tube V beyond cut-off. It 
remains non-conductive until the negative charge 
on capacitor Cs leaks off through the parallel 
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resistor. Rg, and the cut-off level of the tubé is 
again reached. The above operation may be 
termed a "squegging' action. 
The precise instant at which tube W becomes 

conductive in each cycle of operation is controlled 
by the reception of one of a series of synchroniz 
ing pulses P on the control electrode of the tube. 
These pulses P may represent the horizontal Syn 
chronizing pulses which form part of a com 
posite television signal. However, although the 
circuit of Fig. 1 is being described in connection 
with the horizontal deflecting portion of a tele 
vision receiving system, nevertheless it will be 
apparent as the description proceeds that the 
disclosed circuit is also suitable for bringing about 
a vertical, or field, deflection of the electron 
scanning beam in television circuits, or even for 
uses other than in connection with television, such, for example, as in oscillographic work. 
The anode of tube V is supplied with a positive 

operating potential from a suitable source (indi 
cated in the drawing as B--) through the poten 
tioneter R and an inductor Li. A by-pass con 
denser C is connected between the movable ele 
ment of potentiometer R, and ground. 
A further capacitor Ci is connected between 

ground and the anode of tube V in a manner 
such that it is effectively in parallel relation with 
the inductor L1, the impedance of the by-pass 
condenser C being small at the operating fre 
quency of the system. Thus the capacitor C1 
forms with the inductor Li a parallel-tuned, or 
resonant, circuit. As will be brought out in 
detail below, the charge developed on this 
capacitor C1 during operation of the system has a 
waveform which is of the substantially sawtooth 
nature indicated by the reference character S1, 
with a long flank, or upstroke, of the sawtooth 
extending in a positive direction. This cyclically 
varying voltage S1 is applied to one of the de 
fecting plates H of the cathode ray tube through 
a wave-shaping resistor R1 and a blocking 
capacitor C3. - 
The plate of the grid capacitor Cs which is 

opposite to that on which the negative charge is 
developed by the flow of grid current in tube W is 
confected to ground and also to the negative 
terminal of the operating potential Source 
through the parallel combination of a further 
capacitor C2 and a further inductor L2, so that 
IgC2 forms a second parallel-resonant netWork 
which is effectively located in the cathode circuit 
of tube W. As will be later brought out, the 
charge developed on condenser C2 during Opera 
tion of the systein is also of Sawtooth configura 
tion, but is opposite in phase to the sawtooth 
voltage S1 developed on capacitor C1. This charge 
on condenser C2, which is identified by the refer 
ence character S2, is symmetrical with respect to 
the voltage Si, with its long flank extending in a 
negative direction. The cyclically varying volt 
age S2 is applied to the remaining plate H of the 
cathode ray tube through a further wave-shaping 
resistor R2 and a further blocking capacitor C4. 

In order that the deflecting plates H of the 
cathode ray tube be operated at a potential 
which precludes a defocusing of the scanning 
beam as it passes between the plates, the latter 
are connected to the same source of high voltage 
which serves as the second anode potential of 
the cathode ray tube. Due to the blocking ca 
pacitors C3 and C4, however, the high voltage is 
prevented from being applied directly to the elec 
trodes of the oscillator tube W. . . 

in describing the operation of the circuit illus: 
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6 
trated in Fig. 1, let it first be asstirred that tibe 
V is rendered conductive by the reception of one 
of the synchronizing pulses P on the control eleca 
trode thereof. As previously brought out; the 
resulting flow of anode-cathode current results 
in a strongly positive charge being developed oth 
the grid of the tube, which in turn results in a 
sudden surge of grid current to charge capacitor 
Cg negatively and cut of the tibes 
The instant at which one of the synchronizing 

pulses P is received by tube V is identified as ti 
in Figs. 1 and 2. As soon as tube V conducts at 
this time t1, it forms a low-impedance pathi be 
tween condenser C1 and condenser C. Since 
there is a charge present on condenser Ci at this 
time t1 (as will later be shown), the conduction 
of tube V effectively results in substantially all 
of this charge being transferred to condenser C. 
due in part to the so-called “flywheel effect” of 
the resonant circuit ECi. The potential on con 
denser C2 is thus increased by an amount equal 
to that by which the potential on conidenser Ci 
is decreased. This charge transfer is completed 
before tube W is again cut off at time tz (Fig. 2), 
the interval tri-ta corresponding to the retrace 
period of the cathode ray scanning beam. 
At the end of the retrace interval (or in other 

words, at the time t2) the shunting action dif tube 
Wis terminated, and capacitor Ci begins to charge 
from the positive potential source B- through the 
potentiometer R and the inductor Ili. Normally, 
the voltage to which condenser Ci is charged 
will have a maximum value which is limited to 
that of the operating potential source B-. How 
ever, in accordance with applicant's invention, 
the resonant network Eici enters into oscillation 
at the instant to when tube V is cut off, and cur 
rent begins to flow through Li into Ci under the 
influence of the voltage developed across the reso 
nant circuit during the conduction interval of 
tube...W. This current flow is maximum at Sónie 
point near the voltage value of B-, but continues 
due to the resonance phenomenon until a peak 
value is reached at a time équivalent to approxi 
mately one-half cycle of the period of Ci. Fig. 
2 illustrates, how oscillatory actioni of the reso 
nant circuit 1,10i commences at timeta, and re 
sults in the sawtooth voltage wave Si on capacitor 
C1 rising to a level which is considerably in ex 
cess of the voltage E5 representing the voltage of 
the operating potential source B-. . 
In order for the above action to be effective, 

however, it is necessary that the resonant fres 
quency of the tuned circuit fiC be properly cho 
sen with respect to the frequency of the syn 
chronizing pulses P. It has been found in prac 
tice that the described results will be achieved 
if the network E1CE is tuned to a frequency. Such 
that the line-scanning period ta-ts of each de 
flection cycle is equally approximately to between 
one-quarter and one-half the period of oscilla 
tion of E101. 
At the instants ts. When tube W is rendered non 

conductive, the capacitor Cain its cathode circuit 
(which has acquired the energy present in capacit 
tor Ci at the end of the scanning interval) now 
begins to discharge to ground through the induc 
tor L2. However, due to the fact that the in 
ductor L2 and capacitor C2 are tuned to a frequen. 
cy of oscillation which is substantially identical 
to the resonant frequency of LiCl, the flow of cur 
rent through inductor L2 following cut off of tube. 
V (or in other words, the discharge curve of C2). 
has a waveform Sa which is substantially the re 
verse of the waveform: Si shown in Fig, 2 . . . 
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: ft has beer stated that the voltage developed on 
condenser: C1 is applied to one of the deflecting 
plates H through the resistor Ri and the capacil 
tor C3. In a similar manner, the voltage de 
veloped on condenser C2 is applied to the remain 
ing one of the plates H through the resistor R2 
and the capacitor C4. 

It has been found that the resistors R1 and R2 
may act respectively to linearize the deflecting 
Voltages by acting as wave-shaping units in com 
bination with the distributed capacitances to 
ground of the deflecting plates H (these capaci 
tances being shown by broken lines in the draw 
ing). In other words, the presence of the resist 
OrS. R1 and R2 permits the phase of each deflect 
ing voltage to be shifted within sufficiently broad 
limits So that the actual potentials as they appear 
On the deflecting plates H. may be adjusted for 
Substantially perfect balance and linearity. 
The natural period of oscillation of the reso 

nant circuits 1C1 and I2C2, would normally cause 
an OScillatory current to flow in each of these cir 
cuits, as indicated by the broken line in Fig. 2. 
However, it will be appreciated that at the end of 
the Scanning period, or in other words at the time 
t3, tube W is rendered conductive so as to place 
a very low resistance acroSS each of the inductors 
L1 and L2 and thus effectively terminate the oscil 
lations in the resonant networks. As a result of 
this mode of operation, each of the circuits L1C1 
and L2C2 is effectively permitted to go into oscil 
lation at the beginning of each line-Scanning in 
terval, but is only allowed to resonate until the 
beginning of retrace time, or in other words until 
tube V again becomes conductive. Accordingly, 
the low frequency of resonance of these tuned cir 
cuits does not undesirably, lengthen the retrace 
time of the cathode ray scanning beam, since the 
damping action of tube W is so effective that it 
reduces the amplitude of the oscillations substan 
tially to zero before the instant that a new scan 
ning cycle is initiated, 

In Fig. 3 is shown a modification of the defiec 
tion circuit of Fig. in which an additional elec 
tron discharge tube is employed. Whereas in 
Fig. 1 the tube W included in its anode-cathode 
circuit the inductance-capacitance combination 
Li2C2, the circuit of Fig. 3 is so arranged that the 
cathode of the tube V is connected directly to 
ground through one winding of the transformer 
T. Also, that plate of the grid capacitor Cs 
which is opposite to the one on which the nega 
tive charge is developed by the flow of grid cur 
rent is likewise. connected directly to ground in 
stead of through the same inductance-capaci 
tance combination L2C2. Accordingly, when the 
tube V. conducts during the retrace interval ti-ta, 
the capacitor C1 in the anode circuit of the tube 
W is discharged directly to ground instead of into 
the capacitor C2 as is the case in the circuit of 
Fig. 1. 
A sawtooth potential is developed on condenser 

‘C1 in the circuit of Fig. 3 which is similar to that 
developed in the circuit previously set forth. 
However, in the circuit of Fig. 3, an additional 
capacitor Cs is connected between capacitor C1 
and ground. The value of these two series-con 
nected capacitors C1 and C5 is so chosen that their 
total capacitance is substantially equal to that of 
capacitor C1 in Fig. 1. Hence these two elements 
merely serve as a voltage-dividing network for a 
purpose now to be described. 
* The voltage appearing on capacitor Cs, which 
has a waveform similar to that of the voltage 
wave S1 in Fig. 2 but which is reduced in ampli 
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8 
tude with respect thereto, is applied to the cofi. 
trol electrode of a further electron discharge de 
vice W1, which may, if desired, be similar to tube 
W. As shown in Fig 3, the cathode of this addi 
tional tube W1 is grounded, while its anode is con 
nected through inductor L2 and a further poten 
tioneter R3 to the same source of positive operate 
ing potential (B-) as that to which the potenti 
ometer R is connected. 

It will now be seen that this additional tube V1 
acts to invert the phase of the voltage variation 
S1 appearing on its control electrode so as to de 
velop in its anode circuit a voltage variation 
which will be opposite in phase to the voltage 
variation S1, and which accordingly will have sub 
stantially the configuration of the voltage wave 
S2 illustrated in Fig. i. In order that this voltage 
wave produced by tube W1 be of an amplitude 
which is equal to that of the voltage wave pro 
duced by the tube W, the two potentiometers R. 
and R3 are ganged together so that they may be 
adjusted simultaneously. 

It will be noted that, in the circuit of Fig. 3, the 
capacitor C2 is shown in broken lines. This is 
due to the fact that in actual practice the in 
ductor L2 may be made to resonate with the dis 
tributed circuit capacitance, thus providing an 
output oscillation suitable for optimum deflec 
tion of the cathode ray beam. Hence, it may not 
be necessary to employ a physical capacitor in 
the resonant circuit I2C2 in Fig. 3, although Such 
a capacitor may of course be used if it is found 
desirable. However, the circuit L2C2 should pref 
erably have a frequency of resonance such that 
one-half cycle of oscillation of the circuit will 
occur within the retrace time interval t-tz. 
Inasmuch as the circuit of Fig. 3 employs an 

additional electron discharge tube, it develops 
a substantially increased power output over the 
maximum voltage which is obtainable with the 
circuit of Fig. 1. However, the latter circuit is 
especially suitable for providing electrostatic de 
flection of the cathode ray beam of an image 
reproducing tube in television systems where 
voltages are required which do not exceed, for 
example, the values given in the following table. 
In this connection, it has been found advanta 
geous to employ, for maximum efficiency of oper 
ation, a tube of a type having a high transcon 
ductance. One tube especially suitable is a 6J6 
with its two halves connected in parallel. 

It is also desirable that the inductors L1 and L2 
be provided with iron cores to reduce the A-C. re 
sistance of the resonant circuits and raise their 
"Q.' It has furthermore been found in many 
cases that, unless such iron cores are used, high 
frequency OScillations may appear in the voltage 
Waveforms S1 and S2. When iron cores are used, 
however, the coupling between turns of the in 
ductors is So tight that the magnitude of any 
Such oscillations which may be developed is not 
great enough to be objectionable. 
The following table illustrates the manner in 

which the output voltages developed by a system 
constructed in accordance with the present in 
vention compare with the output voltages ob 
tainable from those deflection systems of the 
prior art which are limited to the maximum value 
of the operating potential source. It will be seen 
that the peak-to-peak voltage obtainable on each 
deflection plate of the cathode ray tube is in 
creased by the use of applicant's circuit as shown 
in Fig. 1 up to approximately 30% over the po 

75 tential of the B-- supply, and by the use of the 
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circuit of Fig. 3 up to approximately 70% over 
the B-- potential: - 

eak-to-peak peakitek 
D.-C. supply | E. (botsiet. 

(one plate) ing plates) 

CIRCUIT OF FIG. 1 USING 34 GT6 
- - - V. 7. 

200 400 
375 750 
500 1,000 

CIRCUIT OF FIG. 1 USING 6J6 WITH BOTH SECTIONS IN 
PARALLEL 

250 v---------------------------------- 325 650 

CIRCUIT OF FIG. 3 USING 36 6.N7(V) AND 6C4(V) 

500 V---------------------------------- - - - - - - - - - - - - - - 1,250 

Having thus described my invention, I claim: 
1. In an electroStatic Cathode ray beam deflec 

tion circuit of the blocking Oscillator type, in 
cluding an electron discharge tube having an 
anode, a cathode and at least one control elec 
trode, a source of operating potential for said 
tube, a source of synchronizing pulses of prede 
termined frequency, and a circuit for applying 
said synchronizing pulses to the control electrode 
of said tube to cyclically initiate the conduction 
of the latter, the improvement which comprises 
a pair of parallel inductance-capacitance net 
Works tuned to resonance at a frequency lower 
than that of the said synchronizing pulses, 
means for connecting one of the said resonant 
networks in the anode circuit of said tube and 
the other of the said networks in the cathode cir 
cuit thereof, whereby the potential cyclically de 
veloped across the capacitance in each of the Said 
resonant networks is of substantially sawtooth 
waveform and has a peak-to-peak value which 
exceeds that of the said operating potential 
source, and means for applying the potentials 
thus developed in the two resonant networks to 
control one direction of deflection of the said 
cathode ray beam. 

2. The combination of claim 1, in which each 
of the two said inductance-capacitance networks 
has a resonant frequency of between one-quarter 
and one-half the repetition frequency of the said 
synchronizing pulses. 

3. The combination of claim 1, in which the 
means for applying the potentials developed in 
the two said resonant networks to control one 
direction of deflection of the cathode ray beam 
includes a pair of wave-shaping resistors respec 
tively located between each resonant network 
and that particular deflecting plate of the cath 
ode ray tube to which it is connected, said wave 
shaping resistors acting, together with the dis 
tributed capacitance in the circuit, aS phase 
shifting units which are effective to compensate 
at least in part for nonlinearities in the long 
flank of each cycle of the substantially sawtooth 
voltages developed in the said resonant networks. 

4. In a cathode ray beam deflection circuit of 
the type including an electrostatically deflected 
cathode ray tube, an oscillator tube having an 
anode, a cathode, and at least one control elec 
trode, a source of operating potential for the said 
oscillator tube, a source of synchronizing pulses 
of predetermined frequency, and means for ap 
plying said synchronizing pulses to the control 75 
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10 
electrode of said oscillator tube to eyelically it. 
tiate the conduction of the latter, the improver 
ment which consists in storing energy in the de 
flection circuit during periods when the said os 
cillator tube is conductive and utilizing this en 
ergy during the next time interval when the tube 
is non-conductive to increase the angle of deflec 
tion in one's direction of the said : cathode ray. 
beam, said improvement including a pair of par 
allel-tuned inductance-capacitance networks, 
means for connecting one of the said networks 
in the anode circuit of said oscillator tube and 
the other of the said networks in the cathode 
circuit of said oscillator tube, whereby the po 
tential cyclically developed across the capaci 
tance in each of the said tuned networks is of 
substantially sawtooth waveform and has a 
peak-to-peak value which is greater than that of 
the said operating potential source, and means 
for respectively applying the potentials thus de 
veloped in the said tuned networks to one set of 
deflecting plates in the said cathode ray tube. 

5. In combination, an electron discharge tube 
having an anode, a cathode and at least one con 
trol electrode, a source of operating potential for 
said tube, means for rendering said tube alter 
nately conductive and non-conductive at regu 
larly recurring intervals, a first resonant induct 
ance-capacitance network, means for connecting 
said first inductance-capacitance network in the 
anode circuit of said tube so that the capacitance 
in said network is charged from said operating 
potential source through the network inductance 
when said tube is non-conductive, a second reso 
nant inductance-capacitance network, and 
means for connecting said second inductance 
Capacitance netWork in the cathode circuit of 
said tube so that when the latter becomes con 
ductive the charge developed on the capacitance 
of said first inductance-capacitance network 
during the preceding period when the said tube 
was non-conductive is transferred to the capaci 
tance of said second network, from which it is 
gradually dissipated through its associated in 
ductance concurrently with the charging of the 
capacitance of said first network, whereby cy 
clically varying voltages of substantially sym 
metrical waveform and opposite phase are pro 
duced on the respective capacitances of the two 
said networks. 

6. The combination of claim 5, in which the 
frequency of resonance of the said first induct 
ance-capacitance network is so chosen that the 
peak-to-peak charge developed on the capaci 
tance thereof during each interval that the said 
electron discharge tube is non-conductive ex 
ceeds the maximum value of the said operating 
potential source. 

7. In combination, an electrostatically-de 
flected cathode ray tube, an electron discharge 
tube including an anode and at least one control 
electrode, a source of operating potential for said 
electron discharge tube, a source of synchroniz 
ing pulses of predetermined frequency, a circuit 
for applying said synchronizing pulses to the 
control electrode of said electron discharge tube 
to cyclically initiate the conduction of the latter, 
a resonant network tuned to a frequency which 
is lower than the recurrence frequency of the 
said synchronizing pulses, means for connecting 
said resonant network in the anode circuit of Said 
electron discharge tube so that the energy cycli 
cally developed in said network is of substantially 
Sawtooth waveform and has a peak-to-peak value 
which exceeds the voltage of the said operating 
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potential source, means for deriving from the ... a . . . REFERENCES CITED , 
energy thus developed in said network a further The followin a . . . . . g references are of record in the 
energy variation which is of symmetrical wave- file of this patent: 
form with respect to the said first energy varia 
tion but substantially opposite in phase thereto, UNITED STATES PATENTS 5 
and means for respectively applying the two en- Number Name Date 
ergy variations thus developed to one set of de- 2,421,312 Bobb May 27, 1947 
flecting plates in said cathode ray tube. 2.439324 walker. Ar. 6, 1548 

WILLIAM. A. STEWAR.T. 2,471,246 Smith -------------- May 24, 1949 


