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This invention relates to television apparatuS 
I and more particularly to such apparatus, en 
ploying a cathode-ray tube having at least one 
electrode which requires a high-positive unidirec 
tional operating potential relative to the cathode. 

1. Numerous arrangements are known for focus 
ing the electron beam of a cathode-ray tube. 
Generally, the desired focusing action may be 
obtained by means of a magnetic field, an elec 
trostatic field, or a combination of both. In 
electrostatic-focusing arrangements, two or more 
electrodes between the electron gun and the 
fluorescent screen are constructed and arranged 
to constitute a convergent electron lens upOn 
application thereto of predetermined different 
unidirectional operating potentials. For ex 
ample, such an electron lens may comprise a, 
pair of cylindrical electrodes of the same or 

- different diameters operated at different unidi 
rectional potentials. Another known electron 
lens arrangement comprises three focusing elec 
trodes With the first and third of these electrodes 
connected together and operated at the poten 
tial of the final anode and the intermediate fo 
cusing electrode operated at a unidirectional pO 
tential intermediate that of the anode of the 
electron gun and the final anode. In general, 
to obtain the desired focusing action. With an 
electrostatically-focused cathode-ray tube, it 
may be necessary to supply at least one unidirec 
tional operating potential which is greater than 
the output voltage of the direct-voltage supply 
or B-supply for the associated receiver appara 
tus, and for convenience throughout the speci 
fications and the appended claims, the terms 
"high voltage' and “high potential’ are employed 
to describe an operating voltage greater than 
the B-Supply Voltage. 

It is well known in the television art that the 
pulse voltage developed in the Sweep-transformer 
primary, winding of the line-frequency. Scanning 
system may be rectified and filtered to provide 
a desired, high unidirectional operating poten 
tial. - Systems of this type have employed a diode 
or other peak-rectifying device in conjunction 
with a storage condenser and are commonly used 
to supply the high operating potential for the 
final anode of the picture tube. This expedient 
hias proved quite satisfactory in the maSS pro 
duction of television receivers employing mag 
netically focused cathode-ray tubes, since only 
one high unidirectional operating potential is re 

... quired. In a television receiver employing an 
electrostatically-focused cathode-ray tube, how 
"ever, two different high unidirectional, operating 
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potentials may be required. While it is possible 
to employ a bleeder, resistor in shunt with the 
Storage condenser associated with the conven 
tional high Voltage rectifier to provide the second 
high unidirectional operating potential, such an 
arrangement is uneconomical of power and is 
therefore undesirable. Woltage multipliers emi 
ployed in connection with the standard B-supply 
may also be employed, but such arrangements 
require a considerable number of additional cir 
cuit components, and are therefore costly and 
impractical. 

It is an important object of the present in 
Wention to provide a new and improved television 
apparatus of the type employing a cathode-ray 
tube of the electrostatically-focused type. 

It is a further object of the invention to pro 
vide a simple and economical system for de 
Veloping a high unidirectional operating po 
tential for application to one of the focusing 
electrodes of an electrostatically-focused cath 
Ode-ray tube. 

Still another object of the invention is to pro 
vide a new and improved system for developing 
two different high unidirectional operating po 
tentials for application to the focusing electrodes 
of an electrostatically-focused cathode-ray tube. 
Yet another object of the invention is to pro 

vide a System of this type which is readily adapt 
able to a conventional television receiver and 
which requires a minimum number of additional 
circuit components. 
In accordance with the invention, a television 

receiver includes a cathode-ray tube comprising 
a cathode, and at least one other electrode re 
quiring a high positive unidirectional operating 
potential with respect to that of the cathode. 

40 

45 

50 

55 

The receiver also comprises an asymmetrical 
voltage-Wave Source including an electron-dis 
charge device. A series network comprising a 
non-linear resistor and a condenser is coupled 
to the electron-discharge device and is respon 
Sive to the asymmetrical voltage-wave to develop 
a high unidirectional voltage across the con 
denser. Means are provided for applying at 
least a portion of the unidirectional voltage de 
veloped across the condenser between the afore 
mentioned other electrode of the cathode-ray 
tube and its cathode. 
--In interpreting the specification and the ap 
-pended claims, it must be, borne in mind that 
there is a fundamental difference between a non 
linear resistor and other types of non-linear cir 
cuit elements. Such as rectifiers, crystals, and 
electron-discharge devices. While non-linear 
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operating characteristics may be achieved with 
circuit elements of the latter type, such elements 
are unilaterally conductive and perit current 
foW in One direction only. In contrast, a non 
linear resistor of the type employed in accord 
ance with the present invention, while possessing 
a non-linear volt-ampere characteristic, is bi 
laterally conductive and permits current flow 
in both directions. 
The features of the present invention which 

are believed to be novel are set forth with par 
ticularity in the appended claims. The invention, 
together with further objects and advantages 
thereof, may best be understood, however, by ref 
erence to the following description taken in Con 
nection with the accompanying drawings, in the 
several figures of which like reference numerals 
indicate like elements, and in which: 

Figure 1 is a schennatic circuit diagrain of a 
television receiver constructed in accordance with 
the present invention; 

Figure 2 is a schematic diagrain of a portion of 
the receiver of Figure l; 
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Figures 3 and 4 are graphical representations 
useful in understanding the operation of the in 
vention; and 

Figure 5 is a schematic diagram, similar to that 
of Figure 2, of another embodiment of the inven 
tion. 
In the receiver of Figure 1, incoming composite 

television signals are intercepted by neans of an 
antenna, and a plied to the custo:21ary receiver 
circuits . The circuits represented by rectangle 
| may be entirely conventional in construction 
and operation and constitute no part of the preS 
ent invention. Composite video signals developed 
between terminals 2 and 3 of receiver circuits 
| are applied between the control grid 4 and 
the cathode 5 of a cathode-ray tube Which 
also comprises a first anode 2, electrostatic 
focusing electrodes 8, 9 and 28, a final anode 2 , 
and a fluorescent screen (not shown). Field 
frequency sweep-signals developed between ter 
minals 22 and 23 of receiver circuitS are ap 
plied to a field-frequency magnetic-deflection 
coil 24 associated with cathode-ray tube 6. Line-frequency synchronizing-signal pulses 
from terminals 25 and 26 of receiver circuits 
are applied by means of an input transformer a 
between the control grid 28 and the cathode 29 of 
an electron-discharge device 38, which may coin 
veniently be of the triode type. A second elec 
tron-discharge device 3, preferably a diode, is 
connected directly across the discharge path of 
device 3C but with opposite polarity, so that de 
vices 3 and 3 together constitute a bidirectional 
electronic switch. The anode 32 of device 38 is 
connected to a tap 33 on the primary winding 35 
of a sweep transformer 35, and One terminal of 
Winding 33 is directly connected to the customary 
unidirectional voltage Supply of the receiver, COI)- 
ventionally designated B-- in the figure, So that 
a portion of the primary winding 34 of sweep 
transformer 35 is included in the output Circuit of 
device 30. The line-frequency magnetic-defiec 
tion coil 36 associated with cathode-ray tube 6 
is connected between a pair of taps 3 and 33 on 
the portion of primary winding 34 which is in 
cluded in the output circuit of device 3. Pref 
erably, the location of taps 3 and 38 is deter 
mined in accordance with the copending applica 
tion of Robert Adler et al., Serial No. 176,258, filed 
July 28, 1950, for iransformers, and assigned to 
the present assignee, in order to minimize under 
sired ringing currents in the line-frequency deflec 
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A. 
tion coils and attendant velocity-rinodulation of 
the line-frequency seansions. - - - 
A rectifier 39 and a storage codense A are 

connected in series between the high-potential 
terminal 4 of primary winding 34 and ground, 
the filarinent A2 of rectifier 39 being energized by 
means of an auxiliary windirig. 43 magnetically 
coupled to primary winding 34. Filament 62 is 
also coupled to the final anode 2 of cathode-ray 
tube 8 by neans of a resistor A4. 
A series network, comprising a non-linear 

sistor 35 and a storage condenser 68, is coinected 
between a tap 62 on primary winding 35 and 
ground, being thereby effectively connected across; 
the portion of prizinary winding 38 between tap (i. 
and the B-- terminal. A potentionleter & 3 is cori 
nected in parallel with condenser & 6, and a varis' 
able tap 63 on potentiometer 3 is connected to: 
focusing electrode 8 of cathode-ray tube 6. 
In operation, devices 35 and 38 arid their asso 

ciated circuit components constitute a line-fre 
quency Scanning-signal generator for impressing 
a Scanning current of substantially sawtooth 
Waveform on line-frequency deflection cois 36. 
D3vices 36 and 3 collectively function as a bidi 
rectional electronic Switch, and the client 
through the portion of primary windirig 36 be 
tween tap 33 and B-- increases substantially lin. 
early at a rate primarily determined by the ap 
plied unidirectional voltage and the circuit in. 
luctance until Such time as a negative-polarity 

pulse is applied between control grid 28 and cath. 
Cde 23 of device 33. When current flow in the 
Output circuit is interrupted in this in anner, sub 
stantially one-half cycle of free oscillation occurs 
to cornplete the scanning cycle. 
Operation of the scanning-signal generator re 

Sults in the appearance of periodic positive-polar 
ity pulses of extremely large magnitude across 
the entire primary winding 34 of sweep trans 
former 35. These pulses are rectified by device 33, 
and the high unidirectional voltage developed 
acroSS Condenser A is applied to final anode 2: 
by means of resistor 44. The external focusing 
electrodes 8 and of the unipotential electron 
lens may conveniently be connected together angi 
to final anode 3 so that these focusing electrodes 
are also energized by the voltage developed across 
condenser 60. In practice, the operating voltage 
Cf anodes 3, £5 and 2 may be of the order of 10 
kilovolts. 

In a unipotential electron lens of the type sche. 
matically illustrated in Figure 1, a second high 
unidirectional operating potential may be applied 
to the intermediate focusing electrode 9. In 
practice, the Operating potential of intermediate 
focusing electrode 9 may be of the order of 20% 
of the final anode operating voltage. Such a po 
tential is at least an order of magnitude greater 
than that customarily available from the con 
Ventional B-- source or B-supply. In accordance 
With the invention, the operating potential for in 
termediate focusing electrode 9 is developed by 
means of the series network comprising non 
linear resistor is and condenser 56 effectively 
connected across at least a portion of the primary 
Winding 34 of Sweep transformer 35. The vari 
able Voltage-divider 43 is provided in order to 
permit fine control of the focusing of the electron 
bean of cathode-ray tube 6. 
As has been indicated previously, there is a 

fundamental difference between a non-linear re 
Sistor of the type employed in accordance with 
the present invention and other non-linear cir 
cuit elements such as grid-controlled electron 
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tubes, rectifiers, and the like. Elements of the 
latter type are unilaterally conductive and hence 
may be employed to rectify any type of alternat 
ing input signals. On the other hand, the non 
linear resistor is bilaterally conductive and has 
Substantially no rectifying effect on an input 
signal of symmetrical Waveform. 
One type of non-linear resistor suitable for use 

in accordance with the present invention is con 
structed of silicon carbide pressed with a suitable 
Ceramic binder and fired at a temperature of 
about 1,200 degrees centigrade. Such non-linear 
resistors are marketed commercially by the Gen 
eral Electric Company under the trade name 
"Thyrite' and are available in a large number of 
sizes and shapes. Resistors of this type do not 
Operate in a manner comparable with that of 
Ordinary, linear resistance elements; instead of 
behaving in accordance with Ohm's law, 
'Thyrite resistors have a volt-ampere charac 
teristic in accordance With the relation 
() isker 

where i represents the instantaneous current, e is 
the instantaneous applied voltage, Kis a constant 
representing the current drawn with an applied 
voltage of one Wolt, and 72 is an exponent greater 
than unity. The constant K is dependent upon 

- the resistivity and the dimensions of the particu 
lar 'Thyrite' resistor, a typical value being of the 
order of 10-29. The exponent in depends on vari 
ous factors in the manufacturing process - and is 
usually at least 3.5; in Some instances, in may be 
as high as 7 or more. 
In order to explain the Operation of the inven 

tion, it has been convenient to reproduce in Fig 
ure 2 the portion of the circuit of Figure 1 con 
prising the series network of non-linear resistor 
45 and condenser 45. The voltage wave applied 
to this series network from the portion of primary 
winding 34 between tap 47 and the B-- terminal 
is graphically represented in idealized form in 
Figure 3, which is a plot of the applied Voltage 
2 (t) as a function of time. In practice, the actual 
waveform of the voltage - appearing across the 
portion of primary winding 34 between tap 47 and 
the B-- terminal is displaced slightly in a nega 
tive direction with respect to the zero or reference 
axis; however, the waveform plotted in Figure 3 
represents a sufficiently close approximation for 5 
purposes of circuit analysis. The applied voltage 
y(t) is impressed between terminals 59 and 5 of 
the equivalent circuit of Figure 2 and is of asym 
metrical waveforin, comprising periodic positive 
polarity pulses each of a duration corresponding 
to the line-frequency retrace interval (about 14% 
of the line-scanning cycle in accordance with 
present governmental standards). 
The volt-ampere characteristic of the "Thy 

rite' resistor 45 is reproduced in graphical form 
in Figure 4. Since the applied Voltage Wave is 
asymmetrical as shown in Figure 3, and since the 
volt-ampere characteristic of the "Thyrite' re 
sistor is non-linear, it may readily be understood 
as a qualitative matter that a net unidirectional 
voltage is developed across condenser 66 with the 
polarity indicated in Figure 2, the current drawn 
during the pulse intervals being many times 
greater than that drawn during the intervening 
intervals. At the outset, condenser 46 is con 
pletely discharged, and the application of the 
first positive-polarity pulse between terminals 59 
and 5 results in a large current flow through 
condenser 46, charging the condenser with the 
polarity indicated in Figure 2. During the inter 
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val between the first and second pulses, the ap 
plied potential is of opposite polarity but of much 
lower magnitude, so that the resistance of the 
non-linear resistor increases and the condenser 
is only partially discharged through non-linear 
resistor 45. After several cycles, the voltage 
across condenser 46 assumes an equilibrium value 
intermediate zero and the peak amplitude Vp of 
the applied pulses. As a practical matter, the 
magnitude of the voltage Vo developed across 
condenser 46 may be of the order of 40% of the peak amplitude Wip of the applied pulses. 
More rigorously, the magnitude of the unidi 

rectional voltage developed across condenser 46 
may be determined from a mathematical con 
sideration of the volt-ampere characteristic set 
forth by Equation 1. For a condition of equi 
librium, the electrical charge acquired by the 
condenser during each pulse interval must equal 
the charge lost during the remainder of the op 
erating cycle. This condition may be expressed 

25 

30 

35 

40 

45 

(8) 

by the equation 

- (2) i(t)at-ict)d to t 

where 
(3) i(t) =KCV-Vo) 
for 
(4) tostetl 

and 

(5) i(t). KVon 
for 

(6) tiststa 
Performing the indicated operations and reduc 
ing to simplest terms, 

(7) V 
l 

E), ti - to -- 

Under the assumed condition that the pulse dura 
tion is about 14% of the operating cycle, 

V 

6-1 
Combining Equations 8 and 7 and assuming an 
exponent 1 of 5 for the particular “Thyrite' 
resistor, it is apparent that the maximum uni 
directional voltage obtainable across condenser 

55 
48 is of the order of 40% of the peak amplitude 
of the positive-polarity pulses. Moreover, the 
magnitude of the unidirectional voltage. appear 
ing across condenser 66 is independent of K, and 
is not greatly affected by variations in n, if n. 
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is large. By making in as large as possible, the 
magnitude of the output voltage nay be made to 
approach 50% of the peak amplitude of the posi 
tive-polarity pulses and, at the same time, may 
be made Substantially independent of ambient 
tenperature. 

Froin the foregoing analysis, it is apparent 
that a non-linear resistor of the type utilized 
in accordance with the present invention is a 
different type of circuit element than either a 
linear resistor or a conventional rectifier of the 
unilaterally conductive type. The “Thyrite' re 
sistor differs from an ordinary resistance element 
in the exponential nature of its volt-ampere 
characteristic and from a conventional rectifier 
in its property of symmetrical bilateral conduc 
tivity. Because of the non-linear variation of 
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current with voltage, a unidirectional output volt 
age may be developed from an aSynnetirical 
alternating input voitage. BecauSe Of the prop 
erty of bilateral conductivity, the maxinusi uni 
directional voltage which may be developed in 
this manner is restricted to somewhat leSS tihail 
one-half the peak woitage of the applied a Sy;3i 
metrical Wave. This initation is not objec 
tionable, however, in a systein. Such as thai, showil. 
and described in connection with Figure 1, \ 
the desired unidirectional operating potential is 
much smaller than the peak armpittide of the 
available asy nametrical voltage-Wave. 
The use of a non-linear resistor Sugh as 

rite' for developing a high unidirectional Cperat 
ing potential has several advantages over coil 
ventional high-voltage supply Systeil S. in ti 
first place, the “Thyrite' resister is a singie two 
terminal element, and no auxiliary trailsfor her 
winding is required for filament energization as 
in the case of systems enploying a diode 83tifiét. 
“Thyrite' resistors are also somewhat igss expen 
sive, more durable, and require less frequent re 
placement, as a general irule, than Stuitabie diode 
rectifier tubes. Moreover, the addition of 
circuit comprising “Thyrite' resistor £5 and coil 
densel 35 results in an additional CW 91 dissip3. 
tion comparable to that iisposed by kid77 in al 
rangements for obtaining high voitage firol the 
sweep system; consequently, the Systei: Of 
present invention has the advantage over the 
of a bleeder resistor in coinjinction. With 
high-voltage supply for the final alloile that a 
considerably Simaller additional load is placed on 
the sweep circuits. The voltage regitiation oil 
tainable with the system of the present in, Slation. 
is within 10%, a figure which is quite a 338talie 
in connection with high-voltage supplies fol' eigc 
trostatic focusing. 
In order to avoid the necessity for Saintaining 

stringent tolerances in the imaSS production of 
television receivers, it is desirable to provide 
means for varying the operating potential ap 
plied to at least one of the focusing elecii'Gdies. 
Nioreover, the provision of a variable inigii-voltage 
supply also permits the consuraer to make fine 
adjustments in the beain focus under agtial 
operating condition.S. -ie is : 

ily 

in the Syster of gig ire i, 
a variable voltage-divider Suci as Otisticineter 
48 is connected in sinuint, with con?is Se: 5 
a variabie tap on the potestioretsr is gChinacted 
to one of the focusing electrodies. lin3 desired 
objective may also be achieved in the rainer ill 
lustrated schematically in Figure 5, whereiin non 
linear resistor f3 is provided with a siid 
tact, 52, and a resistor 5 laviig a 'e 
of the order of 100 negoinias or riole i 
in parallel with consiensel 63; with this 
ment, the positive terminal of condenser 35 is 
directiy connectsd to iocusing electrode 3. the 
voltage developed agross con?enser É3 gay be 
varied by varying the position of slider 53 on 
“Thyrite' resistor £5; in overnent of the slide - 

changes the voltage latio between til 2 acti 
tion of non-linear resistor £5 and resistC 
practice, focuising electrode 3 inay d 
cient bean current to provide the desired eifs3tive 
resistance across condenser 33, so that no external 
circuit element corresponding to 'esists 
required. 
While the investigin has been shown aid d 

tly 

S 

voltage supply systern for furnishing ain creat 
ing potential intermediate that of the B-supply 
and that applied to the final anode of the pic 
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3 
ture tube, it is contemplated that the present in 
vention may also be employed to advantage in 
finishing high unidirectional voltage for other 
operating electrodes of the picture tube. As has 
been already explained, the maximum unidirec 
tional voltage obtainable by employing a non 
linear resistor is somewhat less than one-half the 

plitude of the available asymmetrical 
Faye. Since the peak anpiitude of the 

developed in the sweep transformer of a 

the invention is not presently Suitable for pro 
viding the final-anode operating Voltage. HoW 
ever, in the event that an asymmetrical voltage 
Waye of larger a:apiitude should become avail 
able, or if ifuture developments should include a, 
practical television tube operable with a final 
anode voltage of the order of 5 kilovolts or less, 
it is apparent that a non-linear resistor and a 
condenser may be employed in accordance with 
the invention to provide the desired operating 
voltage for the final anode. 

in the Systein shown and described in connec 
tion with Figure 1, the sweep transformer 35 
is of the autoti'ansformer type, employing judici 
osiy positioned taps on a single transformer 
winding. It is of course Within the scope of the 
present invention to employ a Sweep transformel 
having one or more Separate Secondary windings 
in place of the autotransformer of Figure 1. 
hus for example, the Series network Comprising 

“Thyrite' resistor $5 and condenser i33 may be 
Consected across a separate Secondary Winding 
which is Inagnetically coupled to the primary 
Wilding, in an arrangement of this type, the 
Series inetWork is “effectively connected across 
at least a portion of the primary winding,’ within 
the meaning of the appended claims. 

it is not essential for the purposes of the present 
invention that a sweep-signal generator of the 
type shown in figure 1 be employed. Other types 
of Sweep-signal generator may be substituted 
fol' that shown in Figure 1 with equally good 
resultS. In any event, it is essential that the 
a Sy:2n3 inetirical Voitage-wave source comprise an 
eicction-discharge device to which the Series net 
WCirk. CCInglising the non-linear resistor and the 
condenser is coupled. This electron-discharge 
device may be either a sawtooth-current gen 
erator aS in the System of figure 1, or a sweep 
anglifier in the event that the sawtooth wave is 
developed in a preceding stage. indeed, it is with 
in the invention in its broadest aspects to en 
ploy an entirely Separate asymmetrical voltage 
Wave Source which performs no other finction 
than tihat of Supplying power to the series net 
Worl. CCImpirising the non-linear resistor and 
Storage condensei'. 

ihtis, the present invention provides a new 
and iiri proved high-voltage supply system which 
is particularly useful to furnish a desired high 
linidirectional Operating potential for a focusing 
electi'Ode of an electrostatically-focused cathode 
ray tuce. The System is simple, reliable and in 
expensive and imposes but a nominal increase in 
the power dissipation of the apparatus. The ob 
tailable voltage regulation is well within com 
inercially accepted limits. 
While particular einibodiments of the present 

invention have been shown and described, it is 
apparent that various changes and modifications 
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may be made, and it is therefore contemplated 
in the appended claims to cover all such changes 
and modifications as fall within the true spirit 
and scope of the invention. 

claim: 
1. In a television receiver: a cathode-ray tube 

comprising a Cathode and at least One other elec 
trode requiring a high positive unidirectional op 
erating potential with respect to that of said 
cathode; an asymmetrical voltage-Wave source 
including an electron-discharge device; a series 
network comprising a bilaterally conductive non 
linear resistor and a condenser coupled to Said 
device and responsive to said asymmetrical volt 
age-wave to develop across said condenser a high 
unidirectional voltage; and means for applying 
at least a portion of said unidirectional voltage 
between said other electrode and said cathode. 

2. In a television receiver: a cathode-ray tube 
comprising a Cathode and at least two focusing 
electrodes each requiring a different high unidi 
rectional operating potential with respect to that 
of Said Cathode; a Scanning-signal generator 
Comprising an electron-discharge device having 
an input circuit and an output circuit; a Sweep 
transformer having a primary winding a portion 
of which is included in said output circuit; a rec 
tifier and a condenser effectively connected in 
Series acroSS Said primary winding; a series net 
Work comprising a bilaterally conductive non 
linear resistor and a condenser effectively con 
nected across at least a portion of said primary 
Winding; means for impressing an input signal 
on Said input circuit to induce a periodic asym 
metrical pulse-voltage wave in said primary wind 
ing, whereby different high unidirectional volt 
ages are produced across said respective condens 
erS; means for applying One of said unidirectional 
Voltages between one of said focusing electrodes 
and said cathode; and means for applying at least 
a portion of the other of said unidirectional volt 
ages between the other of said focusing electrodes 
and Said Cathode. 

3. In a television receiver: a cathode-ray tube 
comprising a Cathode and at least two focusing 
electrodes each requiring a different high unidi 
rectional Operating potential with respect to that 
of Said cathode; a Scanning-signal generator 
comprising an electron-discharge device having 
an input circuit and an output circuit; a sweep 
transformer having a primary winding a portion 
of which is included in said output circuit; a rec 
tifier and a condenser effectively connected in 
Series acroSS Said primary winding; a series net 
Work comprising a bilaterally conductive non 
linear resistor and a condenser effectively con 
nected acroSS at least a portion of said primary 
Winding; means for impressing an input signal 
On Said input circuit to induce a periodic asym 
metrical pulse-voltage wave in said primary 60 
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winding, whereby different high unidirectional 
voltages are produced across said respective Con 
densers; means for applying one of said unidirec 
tional voltages between one of Said focusing elec 
trodes and said cathode; and means including a 
variable voltage-divider for applying a variable 
portion of the other of said unidirectional volt 
ages between the other of said focusing elec 
trodes and said cathode. 

4. In a television receiver: a cathode-ray tube 
comprising a cathode and at least two focusing 
electrodes each requiring a different high unidi 
rectional operating potential with respect to that 
of said cathode; a scanning-signal generator 
comprising an electron-discharge device having 
an input circuit and an output circuit; a sweep 
transformer having a primary winding a portion 
of which is included in said output circuit; a rec 
ifier and a first condenser effectively connected 
in series across Said primary Winding; a series 
network comprising a variable bilaterally con 
ductive non-linear resistor and a second con 
denser effectively connected across at least a por 
tion of said primary winding; means for impress 
ing an input signal on said input circuit to induce 
a periodic asymmetrical pulse-voltage wave in 
said primary winding, whereby different high 
unidirectional voltages are produced across said 
respective condensers; means for applying the 
unidirectional voltage appearing across said first 
condenser between one of said focusing electrodes 
and said cathode; and means for applying the 
unidirectional voltage appearing acroSS Said Sec 
ond condenser between the other of said focus 
ing electrodes and said Cathode. 

JACK E. BRIDGES. 
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