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1

This invention relates to deflection circuits for
cathode-ray tubes and particularly to means for
utilizing energy stored in the circuit during the
sweep periods to produce a high efficiency circuit.
While especially designed and adapted for use in
television, it is applicable to other fields as weli.

A substantial amount of power is required to
produce the electromagnetic fields required for
sweep deflection in cathode-ray tubes of the elec-
tromagnetically deflected type. In television re-
ceivers particularly, present day requirements of
increased line-scanning frequencies, the use of
higher voltage tubes and hence stiffer beams, and
the general introduction of tubes having substan-
tially wider angles of deflection, have placed a
great burden on the deflecting system. The
problem is especially severs in color television,
where line scanning frequencies are higher than
in black-and-white television.

The power necessary for deflection purposes
has become a major fraction of the total drawn
by the set. Then, at the conclusion of each line
sweep it is necessary to provide an outlet for the
energy remaining in the deflecting circuit, and
economically desirable to make use of it else-
where.

Commonly the beam retrace or “fiyback” takes
place during an interval which is relatively short
compared to the sweep interval. It will, there-
fore, be appreciated that the extremely rapid
drop in current through the deflecting coils dur-
ing the beam retrace period will tend to produce
high transient voltages opposite in sense to those
producing the sweep deflecting currents. Also,
since the sweep circuit inevitably contains some
capacitance as well as inductance, the rapid
drop in current during retrace tends to set up
transient oscillations which persist until the en-
ergy in the circuit is dissipated. These transient
oscillations would interfere with the desired linear
characteristic of the sweep deflecting current and
hence the accurate reproduction on the cathode-
ray screen of the material being televised, and so
must be eliminated.

Absorption of the energy remaining in the mag-
netic field at the end of a given sweep has been
accomplished by the use of various types of power
absorbing circuits. Some difficulties arise in ab-
sorbing sufficient power in high-frequency high-
power deflection circuits, but in any event sys-
tems of this type have the disadvantage that the
energy is completely wasfed. A further disad-
vantage arises in circuits where power is absorbed
during the retrace intervals. This loads the sweep
circuit and hence reduces the speed of retrace.

10

15

20

28

30

35

40

45

50

2

Such reduction is serious in high-frequency sweep
circuits.

Systems have been developed for recovering a
portion of the energy as useful power, but the
proportion so recovered has been so small as to
present no material economy in the over-all
power consumption of the set. Any substantial
saving of power is particularly important in the
development of television receiving sets for home
use. Furthermore, the systems proposed have re-
covered power during the retrace intervals, so
that recovery of a greater portion of the field
energy would slow down the retrace.

The present invention provides means for re-
covering a substantial portion of the energy stored
in the magnetic field during the sweeps, without
undesirably reducing the speed of retrace. To
this end, briefly, a rectifier circuit is coupled to
the sweep circuit and becomes conductive during
sweep intervals to allow current flow, but becomes
substantially nonconductive during retrace inter-
vals. The rectified current, or at least a portion
of it, is supplied to a storage circuit to develop a
voltage which is-then utilized as a source of power.
In this manner, energy in the magnetic field is
removed from the sweep circuit after the retrace
and made available for further use, and in the
preferred embodiment is removed immediately
after the retrace so as to damp out oscillations
without slowing down the retrace.

In accordance with a further aspect of the in-
vention, the voltage developed from the magnetic
field energy is utilized in the generation of the
sweep currents. In the embodiments shown the
developed voltage is used to supplement the anode
power supply voltage for the output tube (or
tubes) of the deflection generator. - This not only
makes effective use of the recovered power and
reduces the required input power, but also permits
a reduction in the power supply voltage from what
would otherwise be required. In many cases
such a voltage reduction permits considerable
savings in the cost of power supply components.

The invention will be more fully understood by
reference to the specific embodiments hereinafter
described in conjunction with the drawings, in
which:

Big. 1 is a circuit diagram illustrating one em-
bodiment of the invention; and

Fig. 2 is a circuit- diagram showing a presently
preferred embodiment of the invention. }

Referring now to the drawings for more de-
tailed discussion of the invention, I have shown
circuits used: in connection with the supply of
horizontal high-frequency line deflecting cur-
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rents and the accelerating potentials to a
cathode-ray tube in a television receiver. Only
those circuit elements relating directly to these
functions have been illustrated, and it will be
understood that they may be used with such addi-
tional circuit means as are desirable in the tele-
vision art. It will also be understood that the
invention is applicable to other uses of cathode-
ray oscilloscopes in which it is desired to achieve
a saving in power consumed or to obfain an in-
crease in the potentials which are available for
use.

In Fig. 1 the invention is shown in a simple
form. A source of sawtooth deflecting potentials
1, shown as a block, is arranged to drive a sweep
cireuit including an electronic ocutput tube 2, here
shown as a beam power amplifier tube with screen
grid potential conventionally provided through
through lead 2. Suitable bias is provided by the
cathode resistor 8¢ and shunting capacitor 8b.

A sweep transformer, indicated generally as 4,
is connected in the output circuit of tube 2 to
provide the horizontal deflecting currents and the
high =accelerating potential required - by the
cathode-ray tube. Transformer primary 5, con-
nected in the anode circuit of tube 2, has a con-
ventional high voltage winding § connected in
series therewith leading to the anode 7 of a diode
yectifier 8. A filament winding {8 on the trans-
former # may be used to furnish current for heat-
er-cathode i1 of the diode 9, which delivers at
terminal lead i2 a high positive potential built
up across g capacitance {38 to ground. Lead 2
may be connected in the usual fashion to the
accelerating anode of the cathode-ray tube, not
shown in the figure.

A secondary winding 14 is connected to feed
the horizontal deflecting coil i5 of the cathode-
ray tube. Another winding I8 is provided on the
transformer, and will be térmed an ‘“efficiency”
winding. It is desirable that windings {4 and 1§
be closely coupled, and it has been found-advan-
tageous in practice to wind them bifilarly.

Eficiency winding 16 is connected in series with
a rectifier 17, which is advantageously a low im-
pedance diode as shown. These elements are
then introduced into the anode circuit of output
tube 2 across a capacitor 29 interposed between
the transformer primary & and the B+ or anode
power supply 2{. Winding 6 is connected so
that as the current in winding {4 increases during
a sweep interval, the voltage induced in winding
16 makes end (6a positive to end 18b. This posi-
tive potential adds to the B4 supply voltage and
the sum is impressed on the anode 26 of diode
{7. During the retrace the current in winding
i4 decreases with a much greater rate of change
than during the sweep, so that the induced volt-
age in winding 16 is reversed and greatly in-
creased in magnitude. Thus the induced voltage
in {6 opposes the B+ voltage and the potential
applied to the anode 26 of diode {7 is reduced.

It may be seen from the circuit shown in Fig. 1
that when diode {7 is conductive, a D.C. path is
provided from the anode of tube 2 through trans-
former primary 5, diode 17, and efficiency wind-
ing 186, to the B-- supply 21. )

In operation, during a given sweep the saw-
tooth voltage generator | impresses a substan-
tially linearly increasing voltage on the grid of
output tube 2 and causes a substantially linearly
inereasing current to flow in the transformer pri-
mary B in the output circuit. This causes a simi-
larly increasing current to flow in the secondary
14 and deflecting coil 15 to deflect the beam of
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the associated cathode-ray tube. Neglecting for
the moment the potential on capacitor 20, anode
26 of diode i7 is driven positive to cathode 24 by
the induced voltage in the efficiency coil i6 and
hence the diode is conductive. The voltage drop
in primary 5 of the transformer opposes the B+
voltage and hence reduces the anode voltage of
tube 2. In present day line-frequency deflecting
circuits in television, the “bucking” voltage may
reach several hundred volts.

At the end of the sweep, generator | reduces
the voltage on the grid of the output tube toward
or, advantageously, beyond cutoff. Thus ancde
current in tube 2 is reduced or cut off. The
current in the circuit comprising the secondary
14 and deflecting coil {5 reverses for the retrace
and decays rapidly, thereby inducing a relatively
high negative voltage in the efficiency winding (6
whieh renders diode 7 nonconductive. At the
same itime a high positive voltage is induced in
primary & and also in auxiliary winding 6, and
these two highly positive voltages are impressed
in series on diode 8 to render it conductive. Thus
s high voltage, of the order of a number of
thousands of volts, is built up across capacitor (3
and supplied to the accelerating ancde of the
eathode-ray tube through connection (2.

in addition to the inductances described, the
sweep circuit of Fig. 1 necessarily contains dis-
tributed capacitances, the output capacitance of
tube 2, etc., so that a resonant circuit exists for
flow of current. The impedance of tube 2 is rela-
tively high and the load imposed by dicde 9 and
associated circuit components is relatively small
soc that little damping is present and the re-
trace can take place quickly, as is desirable in
high-frequency deflection circuits. The lack of
damping, however, means  that a considerable
portion of the energy in the magnetic fields of
the deflecting coil circuit remains after the re-
trace, and hence there is a tendency to set up
transient oscillations until the energy is dissi-
pated.

However, as soon as the current in the deflect-
ing coil circuit again reverses and flows once more
in the sweep direction, the induced voltage in
efficiency winding 16 hecomes positive and diode
11 becomes conductive. This provides a low
impedance path to eapacitor 28 which quickly
absorbs the energy remaining in the deflecting
coil circuit and damps out further oscillations.
At least a portion of the rectified current flows
into storage capacitor 20 to charge it and there-
by develop a voltage across it. The polarity is
such that the capacitor plate connected to diode
{7 becomes positive, which is in the direction to
aid the B+ voltage. Thus the voltage developed
on capacitor 20 supplements the B+ supply and
the resultant anode voltage for tube 2 is increased.

As subsequent cycles proceed, it will be under-
stood that diode 17 is rendered substantially
nonconductive during retrace intervals. Imme-
diately following each retrace, diode IT becomes
conductive to absorb energy from the deflecting
coil circuit to charge capacitor 20. The size of
capacitor 20 may be made large so that the varia-
tion in voltage there-across from cycle to cycle
is minimized. However, a smaller capacitor
which provides substantial storage during a sweep
interval, yet allows some decay from sweep to
sweep, has been found satisfactory and offers
certain advantages in linearity of sweep and low
impedance for quickly absorbing energy following
the retrace. i

It will be appreciated that by this means energy
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stored in the magnetic deflecting circuit, which
would otherwise produce current flow in second-
ary 14 and coil {5 until dissipated as heat, is ac-
cumulated in the capacitance until returned te
the circuit as useful power.

Another preferred embodiment of the inven-
tion is illustrated in Pig. 2. In this figure the
sawtooth voltage gensrator is shown as a multi-
vibrator circuit, indicated generally by the dotted
enclosure 35, which controls the charge and dis-
charge of the sawtooth voltage generating ca-
pacitor 73. The twin triode 3{ is disposed in a
conventional multivibrator circuit, employing
cathode coupling, which is triggered by line syn-
chronizing pulses applied to terminal 34. Ca-
pacitor 13 is charged from the B+ supply through
resistor 74 and is periodically discharged by the
multivibrator circuit through lead 15 to form a
sawtooth voltage wave. Resistor 16 is a small
resistor, sometimes called a “peaking” resistor,
which improves the cutoff of the output tube 32,
as is known in the art.

The sawtooth voltage wave is supplied to a
linearity control circuit composed of capacitor 71,
fixed resistor ¥7 and variable resistor 78. The
time constant of this circuit is selected to in-
troduce a certain amount of predistortion, which
is desirable to correct for distortions in the fol-
lowing circuits. In effect, the sweep portions
of the sawtooth voltage wave are made somewhat
convex. The amount of predistortion is control-
lable by varying resistor 78.

The sawtooth wave is then applied through
lead 3§ to the control grids 39 of the sweep cir-
cuit output tube 32, which may be of the beam
power type with heater cathodes. Screen grid
voltage is obtained from the B4 supply through
resistor 3% and shunting capacitor 38 by way of
lead 37. In the circuit as shown in Fig. 2, the
two sections of tube 232 are connected in parallel,
so that the tube may function as a beam power
tube of higher capacity than the embodiment of
Fig. 1. Por example, a type 815 tube has heen
used with success. Anode potential for tube 32 is
obtained from the B-- power supply in series with
the voltage across storage capacitor 67, through
primary 5! of the sweep transformer 44 and the
small plate resistors 52. The latter serve to pre-
vent any parasitic oscillations in the two tube
sections,

Secondary 6! supplies the sweep currents to
the deflecting coil 62 of the cathode-ray tube
(not shown). A conventional aligning circuit 64
for centering the beam is provided, with a re-
turn §5 through resistor 63 to the cathodes 66
of the output tube 32. The cathode resistance
is shunted by capacitor 88 to provide cathode
bias.

As in Fig. 1, a high voltage auxiliary winding
55 in series with primary 51 applies a high posi-
tive voltage to the anode of rectifier 57 during
the retrace to provide accelerating voltage for
the cathode-ray tube through lead 56.

The B+ power supply voltage is also applied
through efficiency winding 42 of transformer 44
to the anodes 45 of a double diode rectifier tube
48. As in Fig. 1, the voliage induced in wind-
ing 42 is positive for currents flowing in the
sweep direction in the secondary 8{, and aids
the B+ supply in impressing a positive voltage
on ancdes 45. Likewise, the efficiency winding
42 is closely coupled with secondary 61, and pref-
erably wound bifilarly therewith. The two. sec-
tions of diode 46 are in parallel and the tube
is advantageously selected to provide a high
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conductance and low voltage drop thereacross.

Storage capacitor §9 and a small variable re-
sistor 70 are in series with diode 46 to receive
rectified current therefrom, and capacitor 67 is
connected in shunt through inductance 58. Puse
49 may be inserted for protection.

As explained before, during the sweep portion
of the sawiooth deflection wave secondary 61 de-
livers energy to the magnetic field set up about
coils 62. At the end of a sweep the current re-
verses and the magnetic field rapidly collapses.
During this retrace interval a relatively high neg-
ative voltage is induced in efficiency winding 42
and diode 46 is rendered substantially noncon-
ductive, thereby isolating the rectifier load from
the sweep circuit and facilitating a rapid re-
trace. At the end of the retrace the current in
secondary §{ again reverses and begins to flow
in the sweep direction, thus inducing a positive
voltage in efficiency winding 42 and rendering
diode 46 conductive. This provides a relatively
low impedance path to the storage circuit and
the energy remaining in the sweep circuit is
rapidly dissipated and transients avoided.

Furthermore, rectified current flowing into ca-
pacitor 69, and through inductance 50 into ca-
pacitor §7, builds up voltages across the capaci-
tors due to charges stored therein.. With the
connections as shown, the voltage built up across
capacitor 87 will be positive in a direction to
aid the B- power supply in supplying anode
voltage for output tube 32. Thus at least a por-
tion of the energy stored in the magnetic de-
flecting circuit at the end of a sweep will be fed
back into the cutput tube circuit, with resultant
economy.

Resistor 70 is usually small, of the order of a
few ohms, and may be adjusted to give optimum
results. If too high, it is found that transients
may result. These are believed due to an im-
pedance mismatech between the rectifier circuit
and the remainder of the circuit. Generally a
reasonable match is desirable to quickly absorb
sufficient energy to damp out transients. In
practice, it is often found possible to dispense
with the resistor entirely. By using the two stor-
age capacitors 67 and 69, connected in shunt by
inductance 58, rather than the single capacitor
of Fig. 1, a smoothing effect is obtained, and also
a delay in the voltage wave across capacitor 67
which has been found helpful in ohtaining good
linearity of the sweep.

Large values may be employed for capacitors
67 and 69, with resultant small ripple across ca-
pacitor 87. However, in such case it may be
found that an $ type distortion exists in the
sweep circuit in some cases. This § distortion
results in crowding the picture near the middle
of the horizontal sweep. Such a type of distor-
tion is difficult to correct by conventional pre-
distortion circuits. = However, hy employing
smaller values of capacitors, and allowing con-
siderable ripple across capacitor 67, this type of
distortion may be avcided. The employment of
inductance 50 is also helpful in avoiding unde-
sired types of distortion. Preferably the induct-
ance should have low distributed capacitance
and low resistance.

Also, by making capsacitor 69 relatively small,
its charge will be substantially reduced toward
the end of each sweep, and the diode 48 will
then find a high instantaneous admittance at the
beginning of each sweep which will help in dissi-
pating flyback energy and eliminating tran-
sients. Connecting resistor 10 to the B+ supply
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rather than to ground has been found possible;
although present indications are that the con-
nection to ground, as shown, has some advan-
tages.

In common with many other deflecting cir-
cuits, the sweep circuit of Fig. 2, that is. output
tube 22 and its associated circuits, may have an
over-all distortion. This is corrected in Fig. 2
by linearity control resistor 78 which introduces
a controilable amount of predistortion in the
sawtooth voltage control wave. If desired, other
types of linearity control circuits may be em-
ployed.

As a concrete example of an apparatus which
has been successfully operated, the following
circuit constants and results are given. It will
be understocd that the values given are in no
way limiting, but may be widely departed from
to suit the requirements of a given application.
Using 350 volts B4 supply, 430 volts were found
available at capacitor 67 for the anode supply
of the amplifier tube 32, which was the commer-
cially known type 815 tube. The deflecting coils
§2 had about 800 microhenries inductance. Ca-
pacitors 67 and 89 were 0.02 mfd. and induc-
tance 50 was about 30 millihenries. In the op-
eration of a 10-inch cathode ray tube with cir-
cuit constants as specified, it was found possible
to obtain wide angle (50°) beam deflection at a
sweep frequency of 31.5 kc., using only 70 watts
input. The D. C. power fed back across capaci-
tance 671 by the economizer circuit amounted to
about 18 watts in such case, raising the over-all
efficiency of this type of scanning supply from
459% to about 65%. The maxima of the ripple
voltage across capacitor §71 occurred near the
middle of the sweeps, and linearity of sweep with
proper adjustment of resistor 78 was excellent.
Measurement of the current through diode 46
showed zero current during the retrace, a sharp
peak immediately following the retrace, then a
tapering off of the current to a relatively con-
stant value for the remainder of the sweep in-
terval.

As described in connection with the preferred
embodiments, the invention particularly contem-
plates feeding back the voltage developed by the
rectifier circuit in series with the anode power
supply of the output tube. However, if desired,
the developed voltage may be used for other
purposes. In one such modification which has
been employed with success, the terminal of the
efficiency winding remote from the diode has
been grounded instead of connected to the B+
power supply, or connected in series with the sec-
ondary winding and then to ground. The volt-
age developed across the storage capacitor is
then fed through a filter circuit to supply direct
current to the focusing coil of a magnetically fo-
cussed receiver tube. In this modification, as in
the preferred embodiments, the efficiency wind-
ing is connected to render the diode conductive
during the sweep intervals and nonconductive

during the retrace intervals so as to damp oub

transient oscillations which would otherwise re-
sult from the energy stored in the deflection cir-
cuit at the end of each sweep. This energy is
absorbed by the rectifier circuit and supplied in
the form of D. C. energy to the focussing coil,
with resulting economy. The storage capacitor
and resistor in the cathode circuit of the recti-
fler are advantageously adjusted to provide a
reasonable impedance match, which is found
helpful in the elimination of transient oscilla-
tions in the sweep currents.
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" While the invention has been described par-
ticularly in connection with sawtooth deflecting
currents, since these are of primary importance
in television and for other purposes, the appli-
cation to other forms of deflecting currents will
he apparent to those in the art. It will further
be understocd that the embodiments described,
while representing a preferred form of my inven-
tion, are susceptible of considerable. variation
within the scope of the appended claims and
without departing from the spirit of the inven-
tion.

1 claim:

1. A high-efficiency deflection circuit for a
cathode-ray tube having an associated deflect-
ing coil for producing an electromagnetic deflect-
ing field which comprises 5 sweep circuit includ-
ing an electronic tube and associated anode cir-
cuit for supplying periodic sweep currents to said
deflecting coil during sweep intervals, said pe-
riodic sweep currents alternating with retrace
currents during relatively shorter retrace inter-
vals, an anode power supply for said tube, a rec-
tifier circuit coupled to said sweep circuit and
connected to allow current flow during at least
portions of said sweep intervals and to become
substantially nonconductive during said retrace
intervals, a first capacitor in said rectifier circuit
connected to receive rectified current and de-
velop a corresponding direct voltage, a second ca-
pacitor connected in shunt with said first capaci-
tor through an inductance, said second capacitor
being connected in said anode circuit in series
with the anode power supply to supplement the
voltage thereof.

2. A high-efficiency deflection circuit for a
cathode-ray tube having an associated deflecting
coil for producing an electromagnetic deflecting
field which comprises a sweep cireuit including
an electronic tube and associated anode circuit
for supplying period sweep currents to said de-
flecting coil during sweep intervals, said peri-
odic sweep currents alternating with retrace cur-
rents during relatively shorter retrace intervals,
an anode power supply for said tube, a rectifier
circuit coupled to said sweep circuit and con-~
nected to become conductive immediately follow-
ing said retrace intervals to absorb energy from
said electromagnetic field and to become sub-
stantially nonconductive during said retrace in-
tervals, a first storage capacitor in said rectifier
circuit connected to receive rectified current
and develop a corresponding direct voltage, a
second storage capacitor connected in shunt with
said first capacitor through an inductance, said
second capacitor being connected in said anode
circuit in series with the anode power supply to
supplement the voltage thereof, the size of said
capacitors being selected to provide substantial
voltage throughout sweep intervals but allowing
substantial variation in voltage thereacross.

3.'A high-efliciency deflection circuit for a
cathode-ray tube having an associated deflecting
coil for producing an electromagnetic deflecting
field which comprises a sweep circuit including
an electronic tube and associated anode circuit
for supplying periodic sweep currents to said de-
flecting coil during sweep intervals, said periodic
sweep currents alternating with retrace currents
during relatively shorter retrace intervals, an
anode power supply for said tube, a rectifier cir-
cuit coupled to said sweep circuit and connected
to hecome conductive immediately following said
retrace intervals to absorb energy from said elec-
tromagnetic field and to become substantially
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nonconductive during said retrace intervals, a
first storage capacitor in said rectifier circuit
connected to receive rectified current and de-
velop a corresponding direct voltage of substan-
tial magnitude throughout sweep intervals, the
size of said first capacitor being selected to al-
low substantial decay from maximum voltage at
the ends of said retrace intervals, circuit connec-
tions to supply said direct voltage to said ancde
circuit to supplement the anode power supply,
and means in said circuit connections to improve
the linearity of the sweep currents including &
second capacitor connected in shunt with the
first eapacitor through an inductance,

4. A high-efficiency deflection circuit for a
cathode-ray tube having an associated deflecting
coil for producing an electromagnetic deflecting
field which comprises means including an elec-
tronic tube having an output circuit for supply-
ing periodic sweep currents during sweep inter-
va's, said periodic sweep currents alternating
with retrace currents during relatively shorter
retrace intervals, a transformer having a primary
connected in said output circuit and a secondary
connected to said deflecting coil, an economizer
winding closely coupled with said secondary, rec-
tifying means in series with said economizer
winding and connected to pass current during ab
least poriions of said sweep intervals and to be-
come substantially nonconductive during said re-
trace intervals, storage capacitor means con-
nected to receive at least a portion of the recti-
fied current and develop a corresponding direct
voltage, and means for applying said direct volt-
age to said electronic tube.

5. A high-efficiency deflection circuit for a
cathode-ray tube having an associated deflecting
coil for producing an electromagnetic deflecting
field which comprises a sweep generator includ-
ing an electronic tube having an anode ocutput
circuit for supplying periodic sweep currents dur-
ing sweep intervals, said periodic sweep currents
alternating with retrace currents during rela-
tively shorter retrace intervals, a transformer
having a primary connected in said output cir-
cuif and a secondary connected to said deflecting
coil, an anode power supply for said e'ectronic
tube connected in series with said primary, an
efficiency winding closely coupled with said sec-

ondary, a rectifier connected in series with said ¢

efficiency winding with the polarity selected to
pass current during at least portions of said
sweep intervals and fo become substantially non-
conductive during retrace intervals, first storage
capacitor means connected to receive at least a
portion of the rectified current and develop a
corresponding direct vo'tage, and second storage
capacitor means connected in shunt with said
first storage capacitor means through an induc-
tance, said second storage capacitor means being
connected in series between said anode power
supply and said primary to increase the ancde
voltage of said tube.

8. A high-efiiciency deflection circuit for a
cathode-ray tube having an associated deflecting
coil for producing an electromagnetic deflecting
field which comprises a sweep generator includ-
ing an electronic tube having an anode ocutput
circuit for supplying periodic sweep currents dur-
ing sweep intervals, said periodic sweep currents
alternating with retrace currents during relatively
shorter retrace intervals, a transformer having
a primary connected in said output circuit and
a secondary connected to said deflecting coil, an
anode power supply for said electronic tube con-
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nected in series with said primary, an-efficiency
winding closely coupled with said secondary, a
rectifier having anode and cathode, said efficiency
winding being connected between said anode pow-
er supply and the anode of the rectifier with
polarity selected to render the rectifier conduc-
tive during sweep intervals and substantially non-
conductive during retrace intervals; a-storage ca-
pacitor supplied from the cathode of said recti-
fier ‘to store at least a portion of the rectified
current and develop a corresponding direct volt-
age, and connections for supp'ying said direct
voltage to-said anode output circuit in series with
said anode power supply.

7. A high-efficiency deflection circuit for a
cathode~-ray tube having an associated deflecting
coil for producing an electromagnetic deflecting
feld which comprises a sweep-generator includ-
ing an electronic tube having an anode output
circuit for supplying periodic sweep currents dur-
ing sweep intervals, said periodic sweep currents
alternating with retrace cwrrents during rela-
tively shorter retrace intervals, a transformer
hoving a primary connected in said output cir-
cuit and a secondary connected to said deflect-
ing ceil, an anode power supply connected to
supp’'y anode voltage to said tube through the
primary winding, a capacitor connected between
said primary angd said anode power supply, an
efiiciency winding closely coupled with said sec-
ondary, a rectifier having ancde and cathode,
said efficiency winding being connected between
said anode power supply and the anode of the
rectifier with polarity selected to render the recti-
fier conductive during sweep intervals and sub-
stantially nonconductive during retrace inter-
vals, and a circuit connecting the cathode of said
rectifier and said capacitor to pericdically charge
said capacitor and develop a direct voltage there-
across to supplement the ancde power supply to
said tube.

8. A high-efficiency deflection circuit for a
cathode-ray tube having an associated deflecting
coil for producing an electromagnetic deflecting
field which comprises & sweep generator includ-
ing an electronic tube having an anode output
circuit for supplying periodic sweep currents dur-
ing sweep intervals, said periodic sweep currents
alternating with retrace currents during rela-
tively shorter retrace infervals, a transformer
having a primary connected in said output cir-
cuit and a secondary connected to said deflecting
coil, an anode power supply connected to supply
anode voltage to said tube through the primary
winding, an efficiency winding closely coupled
with said secondary, a rectifier having anode and
cathode, said efficiency winding being connected
between said anode power supply and the anode
of the rectifier with polarity selected to render
the rectifier conductive during sweep infervals
and substantially nonconductive during retrace
intervals, o first storage capacitor connected in
the cathode circuit of said rectifier fo receive
rectified current and develop a corresponding
direct voltage, and a second storage capacitor
connected in shunt wtih said first capacitor
through an inductance, said second storage
capacitor being connected in said anode circuit
in series with the anode power supply to supple-
ment the voltage thereof.

9. In g television system employing a cathode-
ray tube having an electromagnetic deflecting
coil for high-frequency line deflection, a high-
efficiency deflection circuit which comprises a
sweep generator including an electronic tube
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having an anode output circuit for supplying sub-
stantially sawtooth current waves at line-scan-
ning frequency, said sawtooth waves having re-
trace intervals substantially shorter than the
sweep Intervals thereof, a transformer having a
primary in said output circuit and a secondary
connected to supply sweep currents to said de-
flecting coil, an anode power supply connected
to supply anode voltage to said tube through said
primary, an efficiency winding closely coupled
with said secondary, a rectifier connected in
series with said efficiency winding with the
polarity selected o pass current during at least
portions of said sweep infervals and to become
substantially nonconductive during retrace in-
tervals, storage capacitor means connected to re-
ceive at least a portion of the rectified current
and develop a corresponding direct voltage, and
circuit connections for supplying said direct volt-
age to said anode circuit to supplement said
anocde power supply.

10. In a television system employing a cathode-
ray tube having an electromagnetic deflecting
coil for high-frequency line deflection, a high-
efficiency deflection circuit which comprises a
sweep generator including an electronic tube
having an anocde output circuit for supplying sub-
stantially sawtooth current waves at line-scan-
ning frequency, said sawtooth waves having re-
trace intervals substantially shorter than the
sweep intervals thereof, a transformer having a
primary in said output circuit and a secondary
connected to supply sweep currents to said de-
flecting coil, an anode power supply connected to
supply anode voltage to said tube through said
primary, an efficiency winding closely coupled
with said secondary, a rectifier having anode and
cathode, said efficiency winding being connected
between said anode power supply and the anode
of the rectifier with polarity selected to render
the rectifier conductive during sweep intervals
and substantially nonconductive during retrace
intervals, a storage capacitor supplied from the
cathode of said rectifier to store at least a por-
tion of the rectified current and develop a corre-
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sponding direct voltage, and circuit connections
for supplying said direct voltage to said anode
circuit to supplement said anode power supply.

11. In a television system employing a cathode-
ray tube having low-frequency field deflecting
means and an electromagnetic deflecting coil for
high-frequency line deflection, a high-efficiency
deflection circuit for said line deflection which
comprises a sweep generator including an elec-
tronic tube having an anode output circuit for
supplying substantially sawtooth current waves
at line-scanning frequency, said sawtooth waves
having retrace intervals substantially shorter
than the sweep intervals thereof, a transformer
having a primary in said output circuit and a
secondary connected to supply sweep currents to
said deflecting coil, an anode power supply con-
nected to supply anode voltage to said tube
through said primary, an economizer winding
closely coupled with said secondary, a rectifier
having anode and cathode, said economizer
winding being connected between said anode
power supply and the anode of the rectifier with
polarity selected to render the rectifier conduc-
tive during sweep infervals and substantially
nonconductive during retrace intervals, a first
storage capacitor in said rectifier circuit con-
nected to receive rectified current and develop a
corresponding direct voltage, and a second stor-
age capacitor connected in shunt with said first
capacitor through an inductance, said second
capacitor being connected in said anode circuit
in series with the anode power supply to supple-
ment the voltage thereof.

KURT SCHLESINGER.
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