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

~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-
fication- and the -appended claims, the - térms

“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
- Has 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-
:g¢ver, two different ‘high unidirectional. operating

10

15

20

25

30

35

2

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. Voltage multipliers em-
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-
vention 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.
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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-
cult 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 permit current
flow 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 ob'ects 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 schematic circuit diagram of a
television receiver constructed in accordance with
the present invention;

Pigure 2 is a schematic diagram of a portion of
the receiver of Figure 1;
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Figures 3 and 4 are graphical representations -

useful in understanding the operation of the in-
vention; and

PFigure 5 is a schematic diagram, similar to that
of Figure 2, of ancther embodiment of the inven-
tion.

In the receiver of Figure 1, incoming composite 3

television sighals are intercepted by means of an
antenns {8 and avplied to the customary receiver
circuits 11. 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 13 of receiver circuits
{1 are applied between the control grid {4 and
the cathode 15 of a cathode-ray tube {6 which
also comprises a first anode I7, electrostatic-
focusing electrodes {8, 19 and 28, a final anode 21,
-and a fluorescent screen (not shown). Field-
frequency sweep-signals developed between ter-
minals 22 ard 22 of receiver circuits {{ are ap-
plied to a field-frequency magnetic-deflection
coil 24 associated with cathode-ray tube 6.
Line-frequericy synchronizing-signal  pulses
from terminals 25 and 28 of receiver cireuits 1
are applied by means of an input transiormer £7
between the control grid 28 and the cathode 29 of
an electron-discharge device 3%, which may con-
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 30 but with opposite polarity, so that de-
vices 38 and 8! together constitute a hidirectional
electronic switch. The anode 32 of device 38 is
connected to a tap 33 on the primary winding a4
of a sweep transformer 8§, and one terminal of
winding 34 is directly connected to the customary
unidirectional voltage supply of the receiver, con-
ventionally designated B- in the figure, so that
a portion of the primary winding 84 of sweep
transformer 35 is included in the output circuit of
device 30. The line-frequency magnetic-deflec~

tion coil 35 associated with cathode-ray tube 16°

is connected between a pair of taps 37 and 33 on
the portion of primary winding 34 which is in-
cluded in the output circuit of device 38. Prei-
erably, the iccation of taps 37 and 88 is deter-
mined in accordance with the copending applica-
tiont of Robert Adler et al., Serial No. 176,258, filed
July 28, 1950, for Transformers, and assigned to
the present assignee, in order to minimizs unde-
sired ringing currents in the line-frequency deflec-
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&
tion coils and aitendant velocity-modulation: of
the line-freguency se¢ansions. B

2 rectifier 3¢ and o storage condenser 48 are
connected in series béfween the high-potential
terminal &1 of primary Winding 34 and ground,.
the filament 42 of rectifier 29 being energized By
means of an auxiliary windirig 43 magnetically
coupled to primary winding 34. Filament 42 is
also coupled to the final anode 2 4% dathode-ray
tube {6 by means of a resistor 44,

A series network, comprising a nou-finear xe-
gistor 45 and g storage condenser 48, is coxivected
between o tap 671 on primary winding 34 and
ground, being thereby effectively connected a 3
the portion of primary winding 24 between tay’ as
and the B+ termdinal. A pofentiometer 48 is corf-
nected in parallel with condenssr 46, and a vari--
ahle tap 49 on potertiometer 48 is connected to:
focusing electrode (8 of eathode-ray tube I8,

In operation, devices 8¢ and 31 arid thelr asso~

LR
ciated circuit components ¢onstitute a line-fre-
guency scanning-signal generator for impressing
5 scanning current of substantially sawtooth
waveform on line-frequency defléction coils 36.
Davices 80 and 21 collectively funclisn as a bidi-
rectional electromic switch, and the current
through the portion of primary windirg 24 be~-
tween tap 33 and B-- increases substantially Yirxe
early at a rate primearily determined by the ap-
plied unidirectional voltage and the circuit in-

uctance until such time as a negative-polarity
pulse is applied between centrol grid 28 and cath-
cde 28 of device 38. When current flow in the
cutput circuit is interrupted in this manner, sub-
stantially one-half cycle of free oseillation occurs
to complete the scanning cycle.

Operation of the scanning-signal generator re-
sults in the appearanee of periodic positive~-polar-
ity pulses of extremely large magriitude across
the entire primary winding 34 of sweep tramns-
former 35. These pulses are rectified by device 38,
and the high unidirectional voltage developed
across condenser £8 is applied to final anode 2§
by means of resistor 44. The exterual focusing
electrodes {8 and 20 of the unipotential electron:
lens may conveniently be connected together and
to final anode 21 so that these focusing electrodes
are also energized by the voltage developed across
condenser £8. In practice, the operating voltage
of anodes 18, 29 and Z{ may be of the order of 10
kilovolis.

In g 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 {8 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 19 is developed by
means of the series network comprising non-
linear resistor 45 and condenser 46 effectively
connected across at least a portion of the primary
winding 28 of sweep transformer 85. The vari-
able voitage-divider 48 is provided in order to
permit fine control of the focusing of the electron
beam of cathode-ray tube §8.

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. Cn the other hand, the non-

“linear resistor is bilaterally conductive and has

substantially no rectifying effect on an input
signal of symmetrical waveform.

Cne 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 fireq 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
1) i=Ker
where i represents the instantaneous current, e is
the instantaneous applied voltage, K is g constant
representing the current drawn with an applied
voltage of one volt, and n 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 n depends on vari-
ous factors in the manufacturing process-and is
usually at least 3.5; in some instances, n may be
as high as 7 or more.

" In order to explain the operation of the inven-
tion, it has been convenient to reproduee in Fig-
ure 2 the portion of the circuit of Figure 1 com-
prising the series network of non-linear resistor
45 and condenser £48. The voltage wave applied
10 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
v(f) as g 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
purposes of circuit analysis. The applied voltage
v($) is impressed between terminals 58 and 5t of
the equivalent circuit of Figure 2 and is of asym-
metrical waveform, 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 85 is reproduced in graphical form
in Pigure 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 45 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 com-

pletely discharged, and the application of the
first positive-polarity pulse between terminals 58
and 5! results in a large current flow through
condenser 46, charging the condenser with the
polarity mdlcated in Figure 2. During the inter-
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val between the first and second pulses, the ap~
plied potential is of opposite po]anty but of ‘much
lower magnitude, so that the resistance of -the
non-linear resistor increises and the condenser
is only partially- discharged through -non-linear
resistor -45. - After’ several cyéles; ‘the -voltage
across condenser 45 assumes an equilibrium’ value
intermediate’ zero ‘and- the peak amplitude Vp of
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 Vp of the applied pulses.

More rigorously, the magnitude of the unidi-
Tectional 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 eqm—
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

“by the equation

(2) »f*i(t)dt:f"a(i)dt
to S 1

‘where

3 i) =K (Vp—Vo)®

for

4 ChSt=th

and

(5) () =KVo*

for

(6) L =tsts
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Performing the indicated. operations and reduc-
ing to simplest terms,

V,,

(51 —to)” +1

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

(8) Vi=—V2

6% 41

{7 Vo=

" Combining Fquations 8 and 7 and assuming an
‘exponent 1 of 5 for the particular “Thyrlte”

- resistor, it is apparent that fhe maximum uni-
" directional -voltage obtainable across condenser

55

"85 is of the order of 409 of the peak amplitude

of the positive-polarity pulses. - Moreover, ‘the

" magnitude of the unidirectional voliage. appéar-
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ing across condenser 48 is independent of X, and
is not greatly affected by variations i =, if »
is large. By making 7’ as large as possible, the
magnitude of the output voltage may be made to
approach 50% of the peak amplitiide of the posi-
tive-polarity pulses and, at the same time, may
be made substantially independent of ambient
temperature.

From the foregoing analysis, it is dpparent
that a non-linear resistor of the type utilized
in accordance with the présent invention is g
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 symmeirical 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 asymmetrical
alternating inpui voltage. Because ¢f the nrep-
erty of bilateral conductivity, the maximum uni-
directional voltage which may bz developed in §
this manner is restricted to somewhat less than
one-half the peak voitage of the applied asymi-
metrical wave., This limitation is not chjsc-
tionable, hewever, in a system such as thai shown
snd described in connection with Figure 1, where
the desired unidirectional operating petential is
much smaller than the peak amplitude of the
available asymmetrical voltage-wave.

The use of 2 non-linea‘r‘ resistor such as “Thy-
rite” for developing a high unidirectionsz! cperai-
ing potential has several advantages over con-
ventional high-voltage supply systems. In #l
first piace, the “Thyrite” resistor is a simpie two-
terminal element, and no auxiliary transiormer
winding is required for filament energization as
in the case of systems employing a dicds Lszt a7
“Thyrite” resistors are also somewhat iess expen-
sive, more durable, and require less fr rmeat re-
placement, as a general rule, than suiiable diods
rectifier tubes. Moreover, the addition of
circuit comprising “Thyrite” resizstor 43 and ccn-
denser 485 results in an additional power dissipa-
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20

tion comparable to that imposed by known ar-
107‘1 the

rangements for obtaining high voitage £
sweep system; consequently, the system
present invention has the advantage over
of a bleeder resistor in conjuncition witl
high-voliage supply for tpﬁ final anode
considerably smaller additi i
the sweep circuits. The \fo [ag
tainable with the sysiem of the pre esen
is within 10%, a figure which is quiis
in connection with high-voitag il
trostatic focusing.

In order to avoid the necessity for maintaining
stringent tolerances in the mass produciicn of
television receivers, it is desiraible © i
means for varying the operating potex
plied to at least one of the f cusi‘:g g
Morecver, the prov1\1on of g iable ki

SURRG

40

operating conditions. In the system of
a variable voltage-divider suci: as pote
48 is connected in shunt with condeanger 63, and
a variabie fap on the polentiometler is ccnnﬁcue%
to one of the foocusing electrodes. The desired
objective may also be achieved in the manner il-
lustrated schematicaily in Figure v/heL ein non-
linear resistor 4% is provided wit i
tact &8, and a rssistor 5§ hLa
of the order of 1008 megochms or
in parallel with condenser 63; w e
ment, the positive ferminal of conde
directly connecisd 1o focusing elee s}
voltage developed across co Z
varied by varying the position of
“Thyrite” resistor £85; movement
changes the voltage ratio befween
tion of non-linear resistor £8 and
practice, focusing eliectrgode (8
cient beam current to provide the desiy
resistance across condenser 48, so i ;at
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While the invention has H 3

scribed in comnection wi

voltage supply system for mw nishing an cperat-

ing potential intermediate that of the B-supply

and that applied to the final anode of the pic-

ture tube, it is contempiated that the present in-
vention may also be employed to advantage in
furnishing high unidirectional voltage for other
erating electrodes of the picture tube. As has
already explained, the maximum unidirec-
voltage obtainable by employing a non-~
esistor is somewhat less than one-half the
plitude of the available asymmetrical

3§
D
jad

op
h
Iz

ﬁic;-ai

voltag ave. Since the peak amplitude of the
puises developed in the sweep transformer of a
conventional television receiver is of the order of
from 10 to 12 kilovolts, and since the required
operating potential for the final anode of pres-
ent day cathode-ray tubes is of the same order
of magznitude, it is apparent that the system of

the Invention iz not presently suitable for pro-
viding the final-anode operating voltage. How-
ever, in the event that an asymmetrical voltage-
wave of larger ampiitude should become avail-
able, or if future developments should include a
practical television tube operable with a final-
ancde 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 system shown and described in connec-
ticn with Figure 1, the sweep transformer 35
is of the autotransiormer type, employing judici-
ously positioned taps on a single transformer
winding. It is of course within the scope of the
present invention to employ a sweep transformer
having one or more separate secondary windings
in place of the autoiransformer of Figure 1.
Thus for example, the series network comprising
“Thyrite” resistor 45 and condenser 45 may be
conriected across a separvate secondary winding
which is magnetically coupled to the primary

winding. In an arrangement of this type, the
series network is “effectively connected across
at least a portion of the primary winding,” within
12 meaning of the appended claims.

It is not essential for the purpeses of the present
invep'bion that a sweep-signal generator of the
type shown in Figure 1 be employed. Other tyves
of sweep-signal generator may be substituted
for thai shown in Figure 1 with egually good
results. In any event, it is essential that the
asyminetrical voltage-wave source comprise an
eicciron-discharge device to which the series net-
work comprising the non-linear resistor and the

ondenser is coupled. This electron-discharge
dev1ce may be either a sawbooth-current gen-
erator as in the system of Figure 1, or a sweep
amplifier in the event that the sawtooth wave is
develoned in a preceding stage. Indeed, it is with-
in the invention in its broadest aspects to em-
prloy an entirely separate asymmetrical voltage-
wave source which performs no other function
f’-“lan 'Ehat of supvlying power to the series net-
woriz comprising the non-iinear resistor and
torag e condenser.

Thus, the present invention provides a new
and improved high-voltage supply system which
is particularly useful to furnish a desired high
unidirectional operating potential for a focusing
electr ode of an electrostatically-focused cathode-
ray tub The system is zimple, reliabie and in-

[

%)

“penswe and imposes but a nomina] increase in
thie power dissipation of the apparatus. The ob-
tainable voltage regulation is well within com-
mercially accepted limits.

While particular embodiments 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.

Y 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 devicé; 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 eircuit 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
& 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 sald input eircuit to induce a periodic asym-
metrical pulse-voltage wave in said primary
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winding, whereby different high unidirectional
voltages are produced across said respective con-
dénsers; 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 2 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 cireuit; s sweep
transformer having a primary winding a portion
of which is included in said output circuit; a rec-
tifier 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 sald 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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