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1

The present invention relates to electrical damp-
ing systems of the power recovery type and more
particularly, although not necessarily limited
thereto, to electromagnetic cathode ray beam de-
flection circuits of the type employed in television
transmitting and receiving systems wherein a por-
tion of the damped reactive energy in the deflec-
tion system is fed back for utilization by the de-
flection circuit to thereby improve the overall
operating efficiency of the system.

Generally speaking in electrical circuits where-
in some form of damping action is required, the
efficiency of operation is usually lowered consid-
-erably due to the energy dissipated in the damp-
ing circuits, this energy not being gainfully uti-
lized. In early television practice the electromag-
netic deflection systems suffered considerable
losses in this respect, which in turn stimulated
subsequent development of power recovery sys-
tems in which some of the stored electromagnetic
reactive energy normally dissipated in the damp-
ing system is capacitively stored and employed to

~effect a hoost in B supply voltage applied to the
vacuum tube driving the deflection system. Such
power recovery or power feedback system has
greatly improved the operating efficiencies ob-
tainable in deflection systems as a whole. - How-
ever, most prior art systems of this kind require
the utilization of a step-down transformer in
order to realize reactive damping currents of
proper magnitude to readily permit power feed-
back into the B supply circuit of the driving vac-
uum tube. The use of a transformer in this con-
nection of course represents certain additional
costs in circuit construction as well as introduc-
'ing inherent losses in the system due to leakage
reactance and magnetic hysterisis. The losses
incurred through use of a transformer for cou-
pling energy from the plate ¢ircuit of the deflec-
tion driving tube to the damped deflection yoke
of course may be obviated by direct inclusion of
the yoke in the anode circuit of the vacuum tube.
However, such a direct connection has not been
regarded as one readily lending itself to power
recovery operation.

Furthermore in television receiver applications,
the direct drive arrangement for the deflection
yoke has in the past displayed another awkward
feature, that being the difficulty of obtaining from
the deflection system’ an economical form of pulse
set-up power supply for development of an ac-
celerating potential for the associated cathode
ray reproducing device. In a co-pending ap-

plication by Simeon I. Tourshou and William E.
Scull, Jr., Serial No. 56,562 filed October 26, 1948
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2 .
entitled “High Voltage Power Supply” this latter
difficulty has been overcome in part through the
application of an autotransformer having its pri-
mary connected in series with the deflection yoke
circuit and subsequently rectifying the high volt-
age positive pulses so cbtained to produce the
appropriate high unidirectional accelerating po-
tential. The inclusion of this autotransformer
primary in the yoke circuit does, however, re-
duce to a considerable extent the unidirectional
voltage actually applied to the anode of the out-
put tube and consequently a somewhat higher
B+ power supply potential is normally required
to correct for this voltage drop. This provision
of such an increase in potential represents con-
siderable additional cost in the design of the tele-
vision receiver power supply.

The present invention contemplates the realiza-
tion of a power recovery system associated
with an electromagnetic defiection system where-
in the deflection yoke is directly included in the
plate circuit of the driving vacuum tube. By ca-
pacitively coupling separate sections of the de-
flection coil and applying separate damping to

5 each of said sections, there is then developed

across the capacitance involved & B-boost volt-
age which results from recovery of the reactive
energy cyclically stored in the deflection yoke sec-
tions.

It is therefore a purpose of the present inven-
tion to provide an improved form of power re-
covery damping system for electrical circuits.

It is another purpose of the present invention
to provide an improved form of deflection circuit
for television systems wherein a portion of the
damped cyclically reactive energy in the yoke cir-
cuit is applied for effectively boosting the avail-
able polarizing potential of the driving vacuum
tube.

Still another object of the present invention re-
sides in the provision of a novel form of power re-
covery system particularly applicable to direct-
ly driven electromagnetic deflection coils in tele-
vision systems wherein the defiection coils are in-
cluded in the series with the anocde-cathode ecir-
cuit of the deflection system driving vacuum tube.

It is another purpose of the present invention
to provide a simple and novel electrical damping
arrangement which provides power feedback op-
eration of a plurality of capacitively coupled in-
ductance elements connected in series -across a
signal voltage. '

The present invention has numerous cther ob-
jects and features of advantage, some of which,
together with the foregoing, will be set forth in
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the following description of specific apparatus
embodying and utilizing the invention’s novel
method. It is therefore to be understood that
the present invention is not limited in any way
to the apparatus shown in the specific embodi-~
ments as other advantageous applications in ac-
cord with the present invention, as set forth in
the appended claims, will occur to those skilled
in the art after having benefited from the teach-
ings of the following description especially when
considered in connection with the accompanying
drawings in which:

Figure 1 shows one form of the present inven-
tion as applied to a typical direct-driven televi-
sion deflection system.

Pigure 2 shows another embodiment of the
present invention as applied to a transformer
coupled television deflection system.

Referring now to Figure 1, there is shown a
portion of a typical television deflection system.
Here synchronizing pulses are applied at termi-
nal 10 to synchronize the operation of deflection
signal generator {2 which in turn produces a
typical deflection sawtooth waveform, such as 14,
The signal 14 is then applied to grid {6 of cath-
ode follower vacuum tube 18. The anode 20 of
vacuum tube (8 accordingly is connected through
a dropping resistor 22 to a source 24 of anode
polarizing potential. The condenser 28 estab-
lishes the anode 20 at substantially A, C. ground
potential. A suitable cathode follower resistance
28 is connected in the cathede to ground circuit
of the vacuum tube {8 so as to provide a low im-
pedance driving source for the grid 36 of output
vacuum tube 32. A suitable negative operating
bias is achieved for the grid 38 by inclusion of
resistor 34 in the cathode ground circuit of vac-
uum tube 32. Rheostat 36, connected from &
source of positive potential 38 to the top of re-
sistor 34, allows the voltage drop across resistor
34 to be sufficiently in excess of the D. C. voltage
drop across cathode follower resistor 28 to es-
tablish proper negative grid biasing of the tube
32. The cathode by-pass condenser #5 may be
provided to reduce signal degeneration in the
cathode circuit of the output tube. The screen
grid 32 is conveniently supplied with a positive
polarizing potential through resistor 44 connect-
ed with terminal 48 of a positive source of poten-
tial. The screen 82 is in turn held in substan-
tially A. C. ground potential by means of by-pass
capacitor 48.

The anode 50 of the output vacuum tube 32 is
then connected through the primary winding §2
of autotransformer 54, through the first section
56 of the deflection coil X—X, through resistor
58 and then through the second section 68 of the
deflection coil X—X to g source of positive po-
larizing potential having a terminal at 62. In
shunt with resistor 58 is a storage capacitor 64
across which is to be developed (as hereinafter
deseribed) the B-boost or recovery voltage for
the system. Damping diode §5§ with its anode
88 connected with one terminal of capacitor 64
in effect provides damping for the first section 56
of the deflection coil X—X. Correspondingly,
damping diode 180 with its anode 712 connected
with the source of positive polarizing potential §2
and its cathode 74 connected with the other ter-
minal of capacitor 64, effectively provides damp-
ing for the second section 60 of the deflection coil
X—X. In practice deflection coil X—X may cor-
respond to the usual 2-section horizontal or ver-
tical deflection winding of a television deflection
yoke designed for direct drive by inclusien in
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4
the anode circuit of the deflection signal output
tube.

As is shown, a novel form of high voltage power
supply for the accelerating anode T8 of the kine-
scope 16 is provided through the use of auto-
transformer 5&. This form of high voltage power
supply for use in connection with deflection sys-
tems having the deflection yoke directly con-
nected in the anode-cathode circuit of the driven -
vacuum tube is disclosed in a co-pending appli- -
cation by Simeon I. Tourshou et al., supra. As -
more fully described in the related specification,
the deflection current for the yoke winding X—X
passes through the primary 52 of the autotrans-
former 54 and therefore induces in the secondary
53 high voltage positive pulses corresponding in
time to the kickback pulses 51 occurring on the
plate 58 of vacuum tube 32. These high volt-
age pulses are then rectified by the dicde 80 to
develop a high unidirectional potential across ca-
pacitor 82. The voltage appearing thereacross’is
then filtered through filter resistor 84 and ap-
plied to aceelerating terminal 18 of cathode ray
tube 76. -An auxiliary winding 88 on the trans-
former 54 supplies heater power for the filament
88 of the high voltage rectifier 80. - -

In the operation of the recovery circuit of Fig-
ure 1, the damping diodes 66 and T0 operate in
accordance with conventional reaction scanning
type of deflection system operation as related to
the individual sections of the deflection winding
with which they are respectively associated. . Ac-
cordingly, the first part of deflection scanning
cycle (which will be here considered as due to
the reaction scanning action of the individual
damping systems) is provided by energy, stored
in the respective inductances 56 and 69 .at the
end of retrace phase of the deflection cycle. As
is well known to those skilled in the television art,
immediately following the retrace or return phase
of the deflection cyele, at which time there is
zero current through the vacuum tube 32, the di-
odes 68 and 78 will beccme conductive to estab-
lish a reversed current flow through the-respec-
tive winding sections as the result of the stored
magnetic energy in these coil sections. For in-
stance, in the case of the diode 86, immediately
following retrace, the diode 66 will become con-
ductive to pass a damping current Id in the di-
rection of the arrow 98. This passage of cur-
rent in the direction indicated, in effect adds
energy to the capacitance §4 thereby making the
terminal 92 thereof more positive than its-cor-
responding terminal 94. Correspondingly, the
damping current through diode 78, associated
with the second portion 62 of the yoke winding
X—X, is in the direction of the arrow 96 and can
be seen to further add energy to the capacitor 64
during its flow in such a direction to cause the
terminal 92 to become positive with respect to
the terminal 84. It is clear that the damping
currents through the respsctive diodes 66 and
78 occur simultaneously so that as far as the
yoke X—X is concerned, a conventional reaction
scanning damping arrangement has been pro-
vided, the respective damping currents through
the diodes in practice being substantially equal.

Investigation of the circuit arrangement will
show, however, that the capacitor 64 is in fact
in series between the positive B supply terminal
at 62 and the anode 59 of vacuum tube 32, so that
any voltage developed across capacitor 84 is addi-
tively combined with the positive B supply. Thus,
damped reactive energy is stored by capacitor 64
during the reaction scanning cycle and made
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ready for use by the tube 32 during the ensuing
~driven phase of the deflection cycle.

It will be found in practice that the sum of the
two equal damping currents through the diodes
66 and 18 will, to a close approximation, be equal
to the average plate current required during the
driven phase of the deflection cycle. Hence, the
capacitor 64 will maintain an approximately
steady unidirectional potential which represents
a boost voltage for the system.

The value of the capacitor 64 should be large
enough so that during the driven phase of the
.defiection eycle in which the vacuum tube 32 is
rendered conductive, the plate current energy re-
quirements of the vacuum tube will not be suffi-
cient to appreciably alter the potential across the

i capacitor 64. This, of course, would produce dis-
tortion in the latter portion of the driven phase
. of the deflection cycle. Variable resistor 58 is
shown in shunt with the capacitor &4 in order to
provide a convenient control of the waveform of
resulting deflection signal through the coil sec-
tions 56 and 66. This resistance 58, although not
necessarily employed, may assume values of from
five to ten thousand ohms and functions as a
variable size and linearity control over the result-
ing television function.
© As explained in connection with Figure 1, the
deflection yoke winding X—X is in effect directly
connected or direct-coupled to the output vacuum
tube 32 by inclusion of the winding sections 56
and 60 in the anode-cathode circuit of the output
tube. Advantages of the present invention, how-
ever, although finding particularly useful appli-
cation in such direct-coupled systems, also may
be enjoyed in combination with transformer cou-
pled systems. Such an arrangement is shown in
Pigure 2 of the drawings. Here the anode-
cathode circuit of the vacuum tube 32 includes
the primary winding 98 of coupled transformer
100, such that deflection signal energy is made
‘gvailable across the transformer secondary {62
for activation of the damped deflection system
embracing yoke winding sections 58 and 68 of the
deflection winding X—X. Inspection of the
damping arrangement of the deflection coil wind-
ing sections 56 and 60 by damping tubes {04 and
{06 will show that the circuit configuration is
substantially the same as that shown in Figure 1.

The only difference in the transformer coupled :

arrangement being that the deflection coil X—X
is not directly included in the anode-cathode cir-
cuit of the driving tube and hence does not pass
anode current for the tube 32, but receives its
alternating current deflection signal through the
coupling medium of capacitor 108.

In the operation of Figure 2, again the damped
reactive energy communicated by the diodes 104
and 106 supplies the first portion of the deflec-
tion cycle and in so-doing stores energy on ca-
pacitor {10 thereby causing the terminal 12 to
become positive with respect to the terminal 114.
‘This action is identical with that described in
connection with Figure 1 and follows from the
influence of the sum of the damping currents
through diodes 104 and (86 upon the capacitor
110, common to the load circuits of both damping
diodes during the reaction scanning portion of
:the deflection cycle. Consequently, during the
interval in which tube 32 is driven into plate cur-
rent conduction, the effective anode polarizing
potential will be the sum of the potential avail-
able at B terminal 11§ and the terminal voltage
of condenser 110 resulting from the storage of
reactive energy. In this way a portion of the
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energy extracted during the reaction scanning
cycle of the deflection circuit is made available
for operation of the vacuum tube 32 during the
driven portion of the deflection cycle and in so
doing produces the well-known B-boosting effect.

It will be appreciated that the coupling capaci-
tor 108 serving to communicate deflection signal
energy from the secondary of the output trans-
former 100 also serves as a D. C. blocking capaci-
tor so that this B-boost voltage developed across
capacitor 118 will not be in effect short-circuited
by the low D. C. resistance of the secondary
winding 102,

From the operation of Figure 1, it will be dis-
cerned that the configuration of the present in-
vention in effect allows a virtual transformer
step-down action without the actual utilization
of a step-down transformer.  This phase of the
invention appears most vividly when considering
the operation of Figure 1 on an average current
basis. PFor example, after the circuit of Figure 1
has reached an equilibrium operating condition,
it is apparent that the average current through
capacitor 64 during the drive portion of the de-
flection cycle (that portion supplied by plate
conduction of vacuum tube 32) is to all intents
and purposes approximately twice that of the
average current passed by each of the damping
diodes 65 and 78 during the second portion or re-
action scanning phase of the deflection ecycle.
This unique action in itself forms an important
novel and useful part of the present invention.
Such action has here, of course, been used in
connection with a television deflection damping
system. It clearly follows, however, that by con-
necting a plurality of inductance elements in
series with one another with the inferpositioning
of a capacitance between adjacent inductances
and appropriately applying a plurality of damp-
ing instrumentalities across suitable portions of
the series combination, an impedance step-down
action of practically any desired value can he
obtained. In the most basic form of series damp-
ing arrangement in accordance with the present
invention, the energy recovery will manifest itself
in the unidirectional potential developed across
the terminals of the inductance capacitance se-
ries, the potential being, of course, the sum of all
the individual storage capacitors interposed be-
tween adjacent inductances. It is then only a
matter of choice as to how this potential repre~
senting recovered energy is fed back into the
overall system for improving the operating effi-
ciency thereof. Figures 1 and 2, in this respect,
are merely exemplary of two possible ways of ad-
vantageously using this recovered energy in the
specific application of the invention to television
deflection systems.

What is claimed is:

1. A damped electrical system comprising in
combination, a plurality of inductance elements
connected in series, at least one capacitance ele-
raent connected in series between adjacent in-
ductance elements, a plurality of damping in-
strumentalities connected with said series of ca-
pacitively connected inductances such that each
damping instrumentality embraces a different
induetance element but the same capacitance ele-
ment, and means for exciting said series of capaci-
tively connected inductances with alternatmg
Voltage

. A damped electrical system comprising in
combinatien, a plurality of inductance elements

‘connected in series, a capacitance element ‘con-
53 nected between adjacent inductance elements,
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a plurality of damping instrumentalities con-
nected ‘with said series of capacitively connected
induetances such that at least two of said damp-
ing instrumentalities embrace a different induct-
ance element but the same capacitance element,
and means for exciting said series of capacitively
connected inductances with alternating voltage.

3. A damped electrical system comprising in
combination, a plurality of inductance elements
connected in series to form a combination, at least
one capacitance element connected between ad-
jaeent inductance elements, a plurality of damp-
ing instrumentalities connected wih said series
of capacitively connected inductances such that
each damping instrumentality embraces only one
inductance element and one only capacitance
element, and means for applying alternating volt-
age across the extremities of said inductance com-
bination.

4, A damped electrical system comprising in
combination, two inductance elements connected
in series, a capacitance element connected be-
tween said inductance elements, two damping in-
strumentalities connected with said series of ca-
pacitively connected inductances such that each
damping instrumentality embraces a separate in-
ductance element and said capacitance element,
and means for exciting said series of capacitively
connected inductances with alternating voltage.

5. An electrical damping system comprising in
combination, a source of alternating voltage, a
first and second electrical utilization means con-
nected in series across said alternating voltage
‘source, an impedance element, a first and second
unidirectional current conducting damping means
respectively connected across said first and said
second utilization means, connections placing said
impedance element in series with said first damp-
ing means such that unidirectional current flows
in a given direction through said impedance ele-
ment during action of said first damping means,
connections placing said second damping means
in series with said impedance element such that
action of said second damping means causes uni-
directional current flow through said impedance
device in the same given direction of current
flow produced by said first damping means where-
by the potential appearing across said impedance
element is g function of the additively combined
damping currents conducted by said first and
second damping means.

6. In an electrical damping system in combi-
nation, a source of alternating voltage, a first and
second electrical utilization means connected in
series across said alternating voltage source, a
capacitor, a first and second unilaterally conduc-
tive damping devices respectively connected
across said first and said second utilization means,
connections placing said capacitor in series with
said first damping means, connections placing
said capacitance element also in series with said
second damping device such that action of said
second damping means causes said capacitor to
receive charging energy in the same direction as
that produced by said first damping device where-~
by the potential appearing across said capacitor
is a function of the additively combined damp-
ing energy handled by said first and second damp-
ing device.

7. In an electrical damping system in combina-~
tion, a first and second inductance device each
having at least two utilization terminals, an im-
pedance element connected with one terminal
of each inductance device, connections applying
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the other terminals of the series inductance de-
vices across a source of signal voltage, a first
and second unilaterally conductive damping in-
strumentality, connections applying said first
damping instrumentality across the series com-
bination formed by said first inductance device
and said impedance element, connections apply-
ing said second damping instrumentality across
the series combination formed by said second
inductance device and said impedance element,
said damping instrumentalities being so polarized
that the damping current flow through said im-
pedance element due to said first damping in-
strumentality is in the same direction as the
damping current flow through said impedance
element produced by said second damping in-
strumentality whereby the potential developed
across said impedance element is a function of
the additively combined damping current of said
first and second damping instrumentalities.

8. In an electrical system in combination, a
first and second inductance devices, each having
at least two utilization terminals, an impedance
element connection with one terminal of each
inductance device, a signal voltage generator con-
nection with a source of operating energy, con-
nections applying the output of said signal gen-
erator to the other terminals of said inductance
devices, a first and second unilateral conductive
damping instrumentalities, connections applying
said first damping instrumentality across the
series combination formed by said first induct-
ance device and said impedance element, con-
nections applying said second instrumentality
across the series combination formed by said first
inductance device and said impedance element,
said damping instrumentalities being so polarized
that the damping current flow through said im-
pedance element due to said first damping instru-
mentality is in the same direction as the damp-
ing current flow through said impedance device
produced by said second damping instrumen-
tality, and connections placing said impedance
element in series with said signal generator and
its associated source of operating energy.

9. Apparatus according to claim 8 wherein said
impedance element is a capacitor of sufficient
size such that a substantially constant unidirec-
tional potential is developed across its terminals
due to energy communicated by said first and
second damping instrumentalities.

10. In an electromagnetic cathode ray deflec-
tion system employing a deflection coil compris-
ing at least two separate winding sections, said
coil being adapted for excitation from a vacuum
tube which in furn derives its operating energy
from g source of unidirectional polarizing poten-
tial, a power recovery deflection coil damping ar-
rangement comprising in combination, a first
and second means for separately damping each
coil winding section during one phase of the
deflection cycle, an energy storage device, con-
nections applying said energy storage device in
series with each of said damping means and also
in series with the connection of the vacuum tube
with its associated unidirectional polarizing po-
tential such that energy is stored in said storage
means by said separate damping means during
one portion of the deflection cycle and made
available for utilization by said vacuum tube dur-
ing another portion of the deflection eycle.

11. In an electromagnetic cathode ray deflec-
tion system employing a deflection coil compris-
ing at least two separate winding sections, said
coil being adapted for excitation from a vacuum
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tube which in turn derives its operating energy
from a source of unidirectional polarizing poten-
tial, a power recovery deflection coil damping
arrangement comprising in combination, a first
and second unilateraily conductive damping de-
vices each separately connected for the respective
damping of one of said deflection coil winding
sections during one phase of the deflection cycle,
a capacitance, and connections including said
capacitor in series with each of said damping de-
vices and also in series with the connection of
the vacuum tube and its associated unidirectional
polarizing potential such that energy is stored
in said capacitor by said separate damping de-
vices during said one portion of the defiection
cycle is made available for utilization hy said
vacuum tube during another portion of the de-
flection. cycle. ‘

12. Apparatus according to claim 11, wherein a
resistor. is connected across the terminals of said
capacitor for the purpose of correcting the wave-
form of the deflection signal current developed
through said deflection coil winding sections.

13. In an electromagnetic cathode ray beam

deflection system employing a deflection coil com- -

prising at least a first and second separate wind-
ing section, each section having a first and second
utilization terminals, a power recovery damping
arrangement comprising in combination, a vac-

uum tube having at least an anode and a cathode,

said vacuum tube being connected for excitation
from a source of deflection signal, a source of
polarizing potential for said vacuum tube anode-
cathode circuit, a capacitor connected from the
first terminal of the first deflection coil winding
section to the first terminal of the second deflec-
tion coil winding section, means coupling deflec-
tion energy from said vacuum tube anode-cath-
ode circuit to said deflection coil winding sections,
a first unilaterally conductive damping device
connected between said first coil winding section
second terminal and said second coil winding sec-
tion first terminal, a second unilaterally conduc-
tive damping device connected hetween said first
coil winding section first terminal and said sec-
ond coil winding section second terminal, and
connections applying the terminal voltage de-
veloped across said capacitor as the result of the
combined separate damping actions of said first

and second damping devices in series with said 50

source of polarizing potential and said vacuum
tube anode-cathode circuit.

14. Apparatus according to claim 13, wherein
sald deflection energy coupling means comprises
a step-down transformer having a primary con-
nected in series with said vacuum tube anode-
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cathode circuit and a secondary capacitively cou-
bled to the second terminals of said first and
second coil winding sections.
15. In an electromagnetic cathode ray system

"employing a deilection coil comprising at least

a first and second separate winding section, each
section having a first and second utilization ter-
minals, a power recovery damping arrangement
comprising in combination, a vacuum tube hav-
ing at least an anode and a cathode said vacuum
tube being connected for excitation from a source
of deflection signal, a source of polarizing poten-
tial for said vacuum tube anode-cathode cireuit,
a capacitor connected from the first terminal of
the first deflection coil winding section to the first
terminal of the second deflection coil winding
section, connections placing said first coil wind-
ing section second terminal and said second coil
winding section second terminal in series with the
anode-cathode circuit, a first unilaterally condue-
tive damping device connected between said first
coil’ winding section second terminal and said
second coil winding section first terminal, a sec-
ond unilaterally conductive damping device con-
nected between said first coil winding section
first terminal and said coil winding section sec-
ond terminal whereby the effective polarizing
potential for said vacuum tube anode-cathode
circuit is increased by the magnitude of the ter-
minal voltage developed across said capacitor as
a result of the action of said first and second
damping devices.

16. Apparatus according to claim 15, wherein
the input terminals of an autotransformer pulse
step-up type power supply is also connected with
said anode-cathode circuit of said vacuum tube
for the transformation of some deflection signal
energy to a suitable high unidirectional potential
for application to the accelerating electrode of a
cathode ray electron tube.

ALLEN A. BARCO.
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