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The present -invention relates to electrical
damping systems of the reaction scanning power
recovery type and more particularly to electro-
magnetic cathode ray beam deflection circuits
of the type employed in television systems where-
in a portion of the damped reactive energy in
the deflection system is fed back for utilization
by the deflection circuit to thereby improve the
overall operating efficiency of the system.

Generally - speaking, in electrical circuits
wherein some form of damping action is required,
the overall efficiency of operation is considerably
lowered because of the energy dissipated in the
damping circuits, this energy not being gain-
fully utilized. In early television practice, cath-
ode ray electromagnetic beam deflection systems
suffered substantial losses in this respect, which
in turn stimulated the development of power re-
covery deflection systems in which some of the
stored electromagnetic reactive energy, normally
dissipated in the damping system, is capacitively
stored and employed to effect a boost in the B
supply voltage applied to the vacuum tube driv-
ing the deflection system. Such power recovery
or power feedback systems have greatly improved
the operating efliciencies obtainable in deflection
systems as a whole. However, most prior art
systems of this kind require the utilization of
a deflection coupling transformer in order to
realize reactive damping currents of proper mag-
nitude to readily permit power feedback into the
B supply circuit of the driving vacuum tube.

The use of a transformer in this connection, of:

course, represents certain additional costs in cir-
cuit construction as well as introduecing inherent

losses in the system due to leakage reactance

and magnetic hysteresis. The losses incurred
through use of a transformer for coupling energy
from the plate circuit of the deflection driving
tube to the damped defiection yoke of course may
be obviated by direct inclusion of the yoke in
the anode circuit of the vacuum. tube.
ever, until recently, a direct drive reaction scan-

ning connection of this type has not been re-

garded as readily lending itself to high efficiency
B boost power recovery operation. In my co-
pending U. S. patent application, Serial No.
62,844 filed December 1, 1948, entitled “Power
Recovery Damping System,” there is, however,
disclosed a direct drive circuit which provides
a relatively high degree of B boost power re-

covery action. The major problem with this:
particular form of direct drive system, as well:

as other prior art arrangements, is that of ob-
taining sufficient linearity of sweep during fhat
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reaction secanning operation in addition to cor-.
recting for the non-linearity of sweep distribu-
tion due to flatness of the cathode ray tube.

. Screen.

PFurthermore, in television receiver applica-
tions, the direct drive arrangement for the de-
flection yoke has in the past displayed another
awkward feature, that being the difficulty of
obtaining from the deflection system an eco-
nomical form of pulse step-up power supply for
development of an accelerating potential for
the associated cathode ray reproducing device.
In a co-pending application by Simeon I. Tour-
shou and William E. Scull, Jr., Serial No. 56,562
filed October 26, 1948, entitled “High Voltage
Power Supply,” this latter difficulty has been
overcome in part through the use of an auto-
transformer having its primary connected in
series with the deflection yoke ecircuit. The
high voltage pulses appearing in the secondary
winding are then rectified to produce the appro-
priate high unidirectional beam accelerating po-
tential. The inclusion of this autotransformer
primary in the yoke circuit does, however, reduce
to a considerable extent the operating voltage
actually supplied to the anode of the output 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 the initial “B” potential repre-
sents considerable additional cost in the de-
sign of the television receiver low voltage power
supply.

The present invention aims to provide a high
efficiency low cost reaction scanning system of
the direct drive B boost type which overcomes
some of the disadvantages hereinabove set forth.

It is therefore a purpose of the present inven-
tion to provide an improved form of reaction
scanning power recovery damping system for
direct drive electromagnetic beam deflection
systems which exhibits an efficient B boost ac-
tion with an attendant high degree of deflection
linearity.

Another object of the present mventlon rests
in the provision of a novel and simple B boost
circuit for direct coupled electromagnetic eath-
ode ray beam deflection yokes in which energy
from an associated reaction scanning damping
circuit is recovered for B boost action and in-
which such a B boost recovery action is compen-
sated in the reaction scanning cycle to provide
substantially linear deflection operation.

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

Still another object of the present invention
resides in the provision of a novel form of power
recovery system particularly applicable to direct-
1y driven electromagnetic deflection coils in tele-
vision systems wherein the deflection coils are
included in the series with the anode-cathode
circuit of the deflection system driving vacuum
tube.

A still further object of the present invention
is to provide certain improvements in the wave-
form of the deflection signal developed by the
power recovery apparatus shown in my co-
pending application, Serial No. 62,844, filed De-
cember 1, 1948,

The present invention has numerous other
objects and features of advantage, some of
which, together with the foregoing will be set
forth in the following description of specific ap-
paratus 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 em~
bodiments as other advantageous applications in
accord 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 accompany-
ing drawings in which:

Figure 1 shows by circuit diagram one form
of the present invention as applied to a typical
direct driven television deflection system;

Figure 2 shows by circuit diagram another
form of the present invention as applied to a di-
rect driven deflection system similar to that
shown in Figure 1.

Referring now to Figure 1, there is shown a
portion of a typical television deflection system.
Here synchronizing pulses are applied at ter-
minal (8 to synchronize the operation of deflec-
tion signal generator 12, which in furn produces
a conventional deflection sawtooth waveform
illustrated at {4. The signal 14 is then applied
to grid 16 of a cathode follower vacuum tube i8.
The anode 29 of vacuum tube (8 accordingly is
connected through a dropping resistor 22 to a
source 24 of anode polarizing potential, The
condenser 26 establishes the anode 26 at sub-
stantially A. C. ground potential. A suitable
cathode follower resistor 28 is connected in the
cathode to ground circuit of the vacuum tube {8
so as to provide a low impedance driving source
for the grid 30 of output vacuum tube 32. A
suitable negative operating bias is achieved for
the grid 30 by inclusion of resistor 34 in the cath-
ode ground circuit of vacuum tube 32. Rheostat
36, connected from a source of positive potential
38 connected to the top of resistor 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 establish proper negative
grid biasing of the tube 32. A cathode by-pass
condenser, such as 49, may be provided to reduce
signal degeneration in the cathode circuit of the
output tube. Screen grid 42 is conveniently sup-
plied with a positive polarizing potential indi-
cated as S. G.

The anode 50 of the output vacuum tube 32 is
then econnected to a source of positive polarizing
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potential having a terminal at 52 through the
series cireuit comprising the primary winding 54
of autotransformer 8§, the first section 58 of the
deflection coil X—X, a storage capacitor 68, and
the second section §2 of the deflection coil X—X.
In accordance with my co-pending application,
Serial No. 62,844, supra, damper diodes such as
64 and 85 are respectively connected through the
storage capacitor 68 for damping the respective
sections of the deflection coil 58 and 62.

According to the present invention, a low-
pass filter circuit is connected between each of
the damping diodes €4 and 66 and the storage
capacitor 68. In the arrangement shown in Fig-
ure 1, the filter circuit shown associated with
diode 64 comprises the inductance 68 and the
capacitor 7@ while the inductance 72 and asso-
ciated capacitor 74 form the low-pass filter for
the diode 68. It is noted in the case of Figure 1
that the inductive elements 68 and 72 provide a

_direct current conductive path from the respec-

tive diodes to opposite terminals of the capac-
itor 60.

As is shown, a novel form of high voltage power
recovery supply for the accelerating anode 16
of the kinescope 78 is provided through the use
of the autotransformer 56. This form of high
voltage power supply for use in connection with

. deflection systems having deflection yoke directly
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connected in the anode-cathode circuit of the
driven vacuum tube it is disclosed in the above-
cited co-pending application by Simeon I. Tour-
shou et al., Serial No. 56,562, As more fully de-
scribed in the Tourshou et al. specification, the
output tube deflection current for the yoke wind-
ing X—X passes through the primary winding
54 of the autotransformer 5% and thereby in-
duces in the autotransformer secondary 57 high.
voltage positive pulses corresponding in time to
the kickback pulses 8! occurring at the plate 50
of the output tube 32. These high voltage pulses
are then rectified by the diode 80 to develop a
high unidirectional potential across the storage
capacitor 82. The voltage appearing thereacross
is further filtered through the resistor 84 acting
in combination with stray circuit capacitance
and applied to accelerating terminal 76 of the
cathode ray tube 78. An auxiliary winding 86
of the transformer 56 may be arranged to supply
heater power for the filament 88 of the high volt-
age rectifier 80.

As described in my co-pending application, Se-
rial No. 62,844 filed December i, 1948, the damp-
ing diodes 64 and 66 operate in accordance with
basic reaction scanning deflection system opera-
tion in relationship to the individual sections of
the deflection windings 58 and 62. Accordingly,
the first part of the deflection cycle, which will
be here considered as resulting from the reaction
scanning effect of the individual diode damping,
is provided by energy stored in the respective in-
ductances 58 and 62 at the end of the retrace
phase of the deflection cyele. It is well known
to those skilled in the television art that immedi-
ately following the retrace or return phase of the
deflection cycle, at which time there is zero cur-
rent through the vacuum tube 32, the diodes 64
and 66 will become conductive to establish a
reversed current flow through the respective
winding sections, the current energy of which rep-
resents the stored magnetic energy in these coil
sections. For instance, in the case of the diode
64, immediately following retrace, the diode 84
will become conductive to pass a damping current
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Id in theé direction of the arrow 90. This pas-
sage of current in the direction indicated in ef-
fect adds energy to the capacitor 60 thereby mak-
ing the terminal 82 thereof more positive than
its corresponding terminals 94. In similar fash-
ion the damping current of diode 66 connected
to damp the second portion 62 of the yoke wind-
ing X—X is in the direction of the arrow 96, and
can be seen to also add energy to the capacitor
60 and thereby cause the ferminal 92 to charge
positively with respect to the terminal 94. It is
clear that the damping currents through the re-
spective diodes 64 and 66 occur simultaneously so
that as far as the yoke X—X is concerned a proper
overall damping arrangement has been provided,
the respective damping currents through the
diode in practice being substantially equal.

Investigation of the circuit arrangement shows
that the capacitor 60 is in fact placed in series
between the positive B supply terminal at 52 and
the anode 50 of the vacuum tube 32 so that any
voltage developed across capacitor 60 is additively
combined with the positive B supply. Thus,
damped reactive energy is stored by capacitor 60
during - the reaction scanning cycle and made
ready for use by the tube 32 during the ensuing
driven phase of the deflection cycle. .

- It will be appreciated that if the storage ca-
pacitor 60 is made sufficiently large that its ter-
minal voltage during the conduction period of the
driver tube 32 will remain substantially constant
allowing the production of a substantially linear
sawtooth of current through the deflection coil
X—X. As is well known to those skilled in the
art, it is, however, not always desirable to pro-
duce a perfect sawtooth of current in order to
achieve linear scanning distribution of the beam
on the face of the kinescope. Such factors as
the flatness of the cathode ray tube screen sur-
face and the non-linear flux distribution of aver-
age deflection yoke coils make it often desirable
to generate through the deflection coil itself a
sawtooth of current having considerable delib-
erate distortion of a variety tending to compensate
for these factors.

" "According to the embodiment of the present
invention, as illustrated in Figure 1, in order to
achieve proper shaping of the sawtooth current
through the yoke, there is placed in the damp-
ing circuit of each diode a linearity control in-
ductance, such as 68 and 72. Corresponding ca-
pacitors, such as 70 and 74, are then connected
from the diode sides of the linearity control in-
ductances to the opposite terminal of the stor-
age capacitor 60.

With such an arrangement, the voltage varia-
tion of substantially sawtooth waveform appear-
ing across the storage capacitor 60 during con-
duction of vacuum tube 32, will be shaped by.the
low-pass filters formed by the linearity control
inductances 68 and 72 with their respective shunt
capacitances 10 and 14. The resulting voltage
will be somewhat parabolic in form and will in
effect be placed in series with the anode-cathode
circuit of the damper diodes. This parabolical-
ly varying voltage in the damping circuit will then
act as a variable bias for the diodes 64 and 66
and act to control their degree of conduction dur-
ing circuit operation. It is found that this con-
trol bias on the damper diodes so alters the re-
sulting current flow through the yoke windings
58 and 62 to produce a linear deflection dis-
tribution of the beam on the cathode ray- tube
face and hence produce a high degree of overall
deflection circuit linearity, The inductances 68
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and 12, as well as the capacitors 10 and 74, formi=

"ing the shaping network, may be made variable

so that the linearity and size of the resulting
deflection signal may be easily controlled. Fur-
thermore, a variable resistor, such as 59 (shown
in dotted lines), may be placed in shunt with
the capacitor 64 in order to provide a further
confrol over the waveform and size of the re-
sulting defiection current. This resistance 59, al-
through not necessarily employed, may assume
values of from 5,000 to 10,000 ochms.

Another form of the present invention is shown
in Figure 2, here the deflection signal output
tube 32 is operated as in Figure 1 with a similar
form of high voltage autotransformer 5§ con-
nected in its plate circuit to provide accelerat-
ing potential for the kinescope 18. As in Figure
1, the deflection yoke winding X—X is split into
two sections 58 and 62 and connected by the “B
boost” storage capacitor 0. Damping diodes 64
and 66 are again connected in shunt with the de-
flection coil sections 58 and 62 respectively and
have in their respective damping ecircuits, the
linearity control inductances 68 and 72. Here,
however, the individual low-~pass filter condensers
10 and T4 (in Figure 1) are omitted and replaced
by a single capacitor 100 connected between the
two linearity control inductances 68 and 12 at
their damping diode terminations. This ar-
rangement also provides shaping of the sawtooth
of current normally appearing across the ca-
pacitor 69 and serially imposes an A. C. bias of
bparabolic waveform in series with each of the
damping diodes thereby correcting the current
sawtooth through the deflection yoke to achieve
proper and linear distribution of the beam deflec-
tion on the kinescope screen. In practice, the
arrangement in Figure 2 is found to yield results
substantially equivalent to the arrangement of
Figure 1 with the additional advantage of de-
creased circuit complexity and cost. Again, the
individual linearity inductances 68 and 72 may
be made variable as well as the capacitor 100 to
act as a linearity and/or size control in the cir-
cuit. Moreover, a variable. resistor such as 59
in Figure 1 may be placed in shunt with the ca-
pacitor 60 if further control over the size and
linearity of the deflection action is desired.

In the practice of the present invention, it
may be found that unavoidable stray circuit
capacitances acting in combination with the
linearity control inductances 68 and 72, as well
as the effective inductive reactance of the pri-
mary 54 of the autotransformer 56 and the re-
actance of the deflection yoke itself will be re-
sponsible for the occurrence of spurious tran-
sients in the generated deflection signal current.
It has been found that such transients may be
notably reduced by employing linearity indue-
tances having a sufficiently low Q. For a given
linearity inductance @, however, it is evident
that the transients could also be reduced by
applying damping resistors of a suitable value,
such as 1982 and 184 (shown in dotted lines in
Figure 2) in shunt with the linearity control
inductances. Furthermore, although a particu-
lar type of low-pass filter has been shown in
Figures 1 and 2, it is manifest that more com-
plex and different types of low-pass filters could
be employed without departing from the spirit
and scope of the present invention.

From the foregoing it can be seen that the
applicant has provided an improved form of
direct drive deflection circuit which provides re-
action scanning and B boost power recovery with
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an inexpensive arnd novel ‘arrangemeint for-comn-
trol -of the deflection signal waveform so as to
correct the developed -sawtooth current wave-
form for -deflection distortion influences-common
to ordinary television apparatus.

What is claimed is:

1. In an electromagnetic cathode ray deflec-
tion ‘system of the direct drive type ‘Which -em-

ploys a winding of a-deflection yoke connected in

series with the anode~cathode circuit of an-elec- °

tronic output amplifier, a capacitor connected in
series with the deflection yoke winding in -the
output amplifier anode-cathode circuit, a low-

pass filter ¢connected in shunt with a portion of

the amplifier anode-cathode circuit which in- °

cludes said capacitor a portion of said low-=pass
filter being conductive to direct current, and an
electrical damper connected in shunt with a por-
tion ‘of said output amplifier anode-cathode cir-
cuit through at least the direct current conduct=
ing portion of said low-pass filter.

2. I an electromagnetic cathode ray deflec-
tion ‘system of the direct drive type which em-
ploys a deflection yoke coil connected in series

with the anode-cathode circuit of an electronic °

output amplifier, a capacitor connected in series
with the deflection yoke coil in the oufput am-
plifier anode-cathode circuit, a low-pass filter
connected in shunt with a portion of the ampli-
fier anode-cathode circuit which includes said
capacitor, a portion of said low-pass filter being
conductive to direct current, and an electrical
damper connected in shunt through the direct
current conducting portion of said low-pass filter
with a portion of said anode-cathode circuit
which embraces the series connection of said
capacitor and deflection yoke.

3. In a cathode ray beam deflection and ac-
celerating potential generating systemn of the
type employing an electron discharge tube hav-
ing directly connected in its anode-cathcde cir-
cuit the series combination of a puilse step-up
transformer primary winding and a cathode ray
beam deflection yoke winding, such that unde-
sirably excessive unidirectional voltage drop is
produced across the pulse step-up transformer
primary winding thereby tending to evasively
reduce the active anode-cathode biasing poten-
tial of the electron discharge tube, a power re-
covery unidirectional potential boosting arrange-
ment comprising in combination: a storage
capacitor connected in series with the electron
discharge tube anode-cathode circuit between
the pulse step-up transformer primary winding
and said deflection yoke winding, a low-pass
filter circuit connected in shunt with said stor-
age capacitor, said low-pass filter having a por-
tion thereof conductive to direct current, a uni-
laterally conductive damping device connected
in shunt through the direct current conductive
portion of said low-pass filter with the series
connection of the storage capacitor and at least
a portion of said deflection yoke such that the
voltage developed across said storage capacitor
tends to compensate for the undesirable exces-
give voltage drop across said pulse step-up trans-
former primary winding.

4. In a cathode ray beam deflection and accel-
erating potential generating system of the type
employing an electron discharge tube having di-
rectly connected in its anode-cathode circuit the
series combination of a pulse step-up transformer
primary winding and a cathode ray beam de-
flection yoke winding such that an undesirably
excessive unidirectional voltage- drop is pro-
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duced -across the pulse=step-up transformes -pri~
mary winding thereby tending to reduce the
average anode-cathode biasing potential of the
electron discharge tube, a power recovery uni-
directional potential boosting arrangement com-
prising in combination: a storage capacitor seri-
ally connecting the primary of said pulse step-up
transformer with one terminal of said deflec-
tion yoke winding, an inductance and a capaci-
tance connected in series with one anocther to
form a wave~shaping network, connections plac-
ing said wave-shaping network in shunt with
damping device having an anode ahd a cathode,
a ¢onhection from said damping device cathode
through said inductance to the step-up trans-
former primary winding side of said storage
capacitor, and a connection froin said damping
device anode to another terminal on said defléc-
tion yoke.

5. Apparatus according to claim 4 wheréin said
inductance connected in séries with said capaéci-
tance to form said wave-shaping network is re-
stricted in Q in accordance with undesirable ¢ir-
cuit transients so as to minimize the appearaiice
of these transients in the waveforim of cufiént
through said defiection yoke winding. .

6. In a cathode ray beam deflection and ac-
celerating potential géhefdting system of the type
employing an ele¢tron discharge tube having di-
rectly connected in its anode-cathode circuit the
series combination of a pulse step-up transfoimer
primary winding and a cathode ray beani deflec-
tion yoke winding, such that an undesirably ex-
cessive unidirectional voltage drop is produced
across the pulse step-up transformer primary
winding thereby tending to reduce the active
ancde-cathode biasing potential of the electron
discharge tibe, a power recovery unidirectional
potential boosting arrangerent comprising in
combination: a storage capacitor connected to
one terminal of said deflection yoke winding, an
inductance and a capacitence connected in series
to form a wave-shaping network, connections
placing said wave-shaping network in shunt with
said storage capacitor, a unilaterally conductive
damping device having an anode and a cathode,
a connection from said damping device anode
through said inductance to one side of said stor-
age capacitor, and a connection froim said damp-
ing device cathode to another terminal on said
deiflection yoke. .

7. In an electromagnetic cathode ray deflec-
tion system of the direct drive type which em-
ploys a deflection ccil directly connected in the
anode-cathode circuit of an output amplifier, the
combination of, a first capacitor connected in
series with said deflection coil in the output
amplifier anode-cathode circuit, an inductance
and second capacitor connected in series with
one another to form a combination, said serially
connected inductance and capacitor combination
being placed in shunt with a portion of the am-
plifier anode~cathode circuit including said first
capacitor, and an electrical damper connected in
shunt with a portion of said output amplifier
anode-cathode circuit through at least a portion
of said inductance. ’

8. In an clectromagnetic cathode ray deflec-
tion system of the direct drive type which em=~
ploys a deflection coil directly connected in the
anode-cathode circuit of an output amplifier, the
combination of, a first capacitor connected in
series with said deflection coil in the output am-
plifier anode -cathode circuit, an -inductance -and
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second capacitor connected in series with one
ancther to form a combination, said serially con-
nected inductance and capacitor combination be-
ing placed in shunt with a portion of the ampli-
fier -anode-cathode circuit including said first
capacitor, and an electrical damper connected in
shunt with a portion of said output amplifier
anode-cathode circuit including said first capaci-
tor and deflection yoke through at least a portion
of said inductance.

9. In an electromagnetic cathode ray deflec-
tion system of the direct drive type which em-
ploys a deflection coil directly connected in the
anode-cathode eircuit of an output amplifier, the
defiection - coil comprising a first and second
winding section, each having an inner and outer
extremity, the combination of: a storage capaci-
tor connected in series with the anode-cathode
circuit -of said amplifier between the inner ex-
tremities of the first and second deflection yoke
winding sections, a low-pass filter having a first
and second input terminals and corresponding
first. and. second output terminals, a connection

between the first deflection winding inner ex--

tremity and said filter first input terminal, con-
nections between said second winding inner ex-
tremity and_ said second filter input terminal, a
first unilaterally conductive damping device con-
nected between-the outer extremity of said first
deflection winding section and said filter second
output terminal, a second unilaterally conduc-
tive damping device connected between the outer
extremity of said second deflection yoke winding
section and said filter first output terminal.

10. In an electromagnetic cathode ray deflec-
tion system of the direct drive type which em-
ploys a deflection coil directly connected in the
anode-cathode circuit of an output amplifier, the
deflection coil comprising g first and second wind-
ing section, each having an inner and outer ex-
tremity, the combination of: a first capacitor
connected in series with the anode-cathode cir-
cuit of the output amplifier between the inner
extremities of the deflection yoke first and second
winding sections, a first network comprising the
series connection of an inductance and capaci-
. tance, said first network heing placed in shunt
with said first capacitor, a first and second uni-
laterally conductive damping devices, each hav-
ing an anode and a cathode, a connection between
the outer extremity of the first yoke winding
section and the first damping device cathode, a
connection between the outer extremity of the
second yoke winding section and the second
damping device anocde, an inductance connected
between the inner extremity of the first yoke
winding section and the cathode of the second
damping device, an inductance connected between
the inner extremity of the second yoke winding
section and the anode of the first damping device,
8 capacitance connected between the inner ex-
tremity of the first yoke winding section and the
anode of the first damping device, and a capaci-
tance connected between the inner extremity of
the second yoke winding section and the cathode
of the second damping device.

11. Apparatus according to claim 10 wherein
said inductance connected between the inner ex-
tremity of the first yoke winding section and the
cathode of the second damping device and said
inductance connected between the inner extrem-
ity of the second yoke winding section and the
anode of the first damping device are each re-
stricted in Q such to minimize spurious deflection
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systeni response resulting from undesirable res-
onant conditions therein.

12. In an electromagnetic cathode ray defiec-
tion system of the direct drive type which em-
ploys 'a deflection coil directly connected in the
anode-cathode circuit of an output amplifier, the
deflection coil comprising a first and second wind-
ing section, each having an inner and outer ex-
tremity, comprising the combination of: a first
capacitor connected in series with the anode~
cathode circuit of the output amplifier between
the inner extremities of the deflection yoke first
and second winding sections, a first network com-
prising the series connection of an inductance
and capacitance, said first network being placed
in shunt with said first capacitor, g first and see-
ond unilaterally conductive damping devices, each
having an anode and a cathode, a connection
between the outer extremity of the first yoke
winding section and ths first damping device
cathode, o connection between the outer extrem-
ity of the second yoke winding section and the
second damping device anode, an inductance con-
nected between the inner extremity of the first
yoke winding section and the cathode of the see-
ond damping device, an inductance connected
between the inner extremity of ths second yoke
winding section and the anode of the first damp-
ing device, a capacitance connected between the
inner extremity of the first yoke winding section
and the anode of the first damping device, and a
capacitor connected between the anode of the
first damping device and the cathode of the sec-
ond damping device.

13. In an electromagnetic cathode ray beam
deflection system employing a deflection coil com-
prising at least a first and second separate wind-
ing sections, each section having a first and see-
ond utilization terminals, a power recovery damp-
ing arrangement comprising in combination: a
vacuum 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 storage capacitor
connected from the first terminal of the first de-
flection coil winding section to the first terminal
of the second deflection coil winding section,
means coupling deflection energy from said
vacuum tube anode-cathode circuit to said deflec-
tion ceil winding sections, a first and second uni-
laterally conductive damping devices each having
an anode and a cathode, an inductance connected
between the first damping device anode and the
first terminal of the second coil winding section,
an inductance connected between the cathode of
the second damping device and the first terminal
of the first coil winding section, a connection be-
tween the first damping device cathode and the
anode terminal of the first coil winding section,
a connection between the second damping device
anode and the second terminal of the second coil
winding section; a capacitor connected between
the anode of the first damping device and the
cathode of the second damping device, and con-
nections applying the terminal voltage developed
across said storage capacitor as the result of the
combined separate damping sections of said first
and second damping devices in series with said
source of polarizing potential and said vacuum
tube anode-cathode circuit.

14. In an electromagnetic cathode ray deflec-
tion system of the direct drive type which em-
ploys a deflection coil directly connected in the
anode-cathode circuit of an output amplifier in
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combination: a:first:capacitor;connected in series:
with said deflection yoke insaid amplifier anode=.

cathodeé circuit; an inductance-and seeond capac-

itor: conmected: in seties: with: one another; said

serially connected: inductance -andicapacitor be-

ing:placed in shunt-with a portion of the amplifier -

anodé=cathode circuit including said first capac-
itor; a:damping ‘element having an anode and a
cathode, a connection from: said anode to the
amplifier cathode side of said deflection yoke, and
a:connection-from said-damping-element cathode
to:said inductance:

15; In" an electromagnetic  cathode ray beam
deficetion system employing a deflection coil com-
prising:at:least a:first and ‘second separate wind-
ing:sections; each:section having a first and sec-
ond-utilization terminals; a: power recovery damp-
ing. arrangement: comprising. in. combination:. a
vacuum' 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 storage capacitor
connected from the first terminal of the first de-

flection coil winding section to-the first terminal 8§°

of * the  second deflection coil” winding section,
means:. coupling: defléction. energy from: said
vaeuum tube anode-cathode cireuit to said deflec-
tion coil winding sections; a first and second uni-
laterally conductive damping devices each having

an anode and a cathode, an inductance connected:

between the first. damping device anode and the
first: terminal of ‘the second coil winding section,

10
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12.
an inductance-connected between the: cathade:of.
the second damping device and the:first-terminal-
of the first coil winding seetion, a connection:
between the first damping deviee cathode and the-

- second terminal of the-first coil winding: section,

a connection between the second damping device-
anede and the second terminal of the second coil-
winding section; a first capacitor connected be--
tween the first terminal of the first coil winding-
section and the anode of the first damping device, .
a second capacitor connected between the-first
terminal of the second coil winding. section and:
the cathode of the second damping device, and.
connections applying the terminal voltage-devel--
oped across said storage capaeitor as the result-of
the combined separate damping sections of -said:
first and second damping- devices- in series with.
said source of polarizing potential and said:
vacuum tube anode-cathode circuit.
ALLEN. A. BARCO.
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