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The present invention relates to signal gen-
erators for producing deflection voltages for cath-
ode ray tubes, and more particularly to a deflec-
tion signal generator arranged to provide for the
polar scanning of a cathode ray tube.

By “polar scanning” reference is had to that
type of scanning wherein the electron heam
traces successive radial lines on the screen of
the cathode ray tube, the direction of the line
being changed in successive radial scans, so that
after a complete polar cycle the screen is com-
pletely scanned, as if by a rotating vector having
its origin at the center of the screen.

The effect of polar scanning may be made to
appear ag an illuminated circular area, or as an
illuminated line or vector revolving about the
center of the screen, depending upon the speed
with which the scanning line is made to rotate
and upon the persistence of the fluorescent
screen. In certain applications of cathode ray
tubes, such as those wherein the tubes are used
as indicating devices to provide an indication of
the bearing, or azimuth, of a given object, it is
frequently desirable to employ polar scanning
in place of the more conventional rectangular
scanning. In order to provide for such polar
seanning the present invention provides, in a
novel and simple manner, for the generation of
o plurality of voltages which may be so controlled
as to determine the rate of polar scanning.

It is, therefore, an object of the present inven-
tion to provide an improved circuit for effecting
polar scanning of a cathode ray tube.

1t is another object of the present invention

to provide an improved and relatively simple 3§

seanning signal generator for effecting the polar
scanning of a cathode ray tube, together with
means for determining the rate at which the
cathode ray beam is deflected radially on the one
hand and circularly on the other.

Another object of the invention is to provide
deflection voltages having symmetrical wave
forms, thus eliminating the need for additional
leveling circuits to center the pattern on the
screen.

A further object of the invention is to effect
polar scanning of a cathode ray tube by generat-
ing an alternating voltage wave having a rising
wave front from a steep wave back in each half
cycle, and by deriving voltages irom said wave
which are applied to the deflecting circuits of said
tube and which are varied cyclically so as to pro-
duce the desired polar scanning.

Other and further objects of the present in-

vention subseguently will become apparent by 5
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reference to the following description taken in
conjunction with the accompanying drawings,
wherein

Fig. 1 is a circuit diagram of a preferred em-~
bodiment of the invention;

-Fig. 2 illustrates certain of the wave shapes
produced by the circuit of Fig. 1;

Fig. 3 is an explanatory diagram which illus-
trates the manner in which various voltages are
related to each other, and how they vary to pro-
duce polar scanning; and

Tig. 4 shows a preferred mechanical relation-
ship of the variable condenser assembly.

The present invention may be practiced with
cathode ray tubes having either magnetic or elec-
trostatic deflection means. However, the power
requirements for an electrostatic deflection sys-
tem are rauch less than for a magnetic system
(as is well known in the art) and consequently
the electrostatic system is preferred where
economy in cost and in weight is important. The
circuit, as illustrated and described, is provided
with an electrostatic deflection system, permit-
ting the use of relatively small tubes throughout.
Although the illustrated embodiment of the in-
vention employs conventional triodes, it is o be
understood that other types of tubes may be used,
with appropriate circuit modifications.

Fig. 1 shows the schematic wiring diagram of
one embodiment of the invention. For sim-
plicity, plate load resistors, grid coupling con-
densers, grid resistors, cathode bias resistors, and
by-pass condensers, where used in conventional
manner, are unidentified. Circuit elements in-
volved in the detailed description are given spe-
cific identification.

Vacuum tubes [{ and 12, with their respective
circuit components, form a conventional multi-
vibrator type of relaxation oscillator, producing
square wave voltages in their plate circuits, of
the frequency determined by the time constants
of their grid resistors and grid coupling con-
densers, as is well known in the art. Itis to be
understood that other circuits or devices which
produce the necessary voltages, for instance a me-
chanical’ chopper or vibrator, could be used in
place of the multivibrator shown.

The alternating component of the output volt-
age of tube {2, of the wave form shown at P2 in
Fig. 2, is applied to the grid of tube {3 through
grid coupling condenser {4, Tube 13, with its ad-
justable plate load resistor 18 and with condenser
{7 shunted across its output circuit, forms a con-
ventional saw-tooth generator. This tube {3 is
biased slightly positive by the plate voltage sup-
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ply B+, which is applied to the grid through
a very high resistance grid resistor 5. The volt-
age drop through resistor 5 due to the small
amount of grid current prevents an excessively
positive voltage from being applied to the grid
of tube 13. Potentiometer I8 is part of a voltage
divider system connected across the plate voltage

supply. The movable arm of potentiometer {8 is- -

connected to one end of resistor 16. Resistor 16
and potentiometer 18 are so adjusted that the
plate voltage on tube 13 is substantially zero
during all positive half cycles of the alternating
grid voltage. That is, during positive alterna-
tions of the grid voltage the internal cathode-to-
plate circuit of the tube approximates a short
circuit across the condenser 171. Conversely, dur-
ing negative alternations of the grid voltage the
tube 13 is driven to plate current cut-off and
hence the shunting effect of the tube 13 across
the condenser is eliminated. During the latter
period the voltage across the condenser {7 in-
creases linearly, the condenser being charged by
virtue of its connection to B through the plate
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resistor {6. During the positive alternations the

condenser 17 is effectively short circuited and
hence the voltage thereacross is substantially
zero. This mode of operation produces the linear
sawtooth wave illustrated at P3 in Fig. 2.

The potentiometer 18 provides means of vary-
ing the voltage applied to plate of tube {& so
-that either a linear or :logarithmic saw-tooth
wave may be generated in the output of this
tube, as will be described later. The present de~
scription is based on a linear saw-tooth wave in
which the voltage across condenser: 17T builds up
linearly with time, as indicated at P8 in Fig. 2.

The voltage developed across condenser $7 is
fed conventionally to the grid of a resistance-
capacitance coupled cathode follower amplifier
tube [9. Since tube 19 is cathode loaded, its out-
put is in phase with the input. The wave form
of the output voltage developed across the cathode
resistor 20 due to the plate current of tube 19 is
shown at K7 in Fig. 2.

Returning now to tube {! of the multivibrator,
the output voltage of tube {1 is 180° out of phase
with the output of tube 12 which is, of course,
normal multivibrator action. The output voltage
wave shape of tube i1 in relation to the output
of 12 is shown at P{ in Fig. 2. The output volt-
age of tube Il is applied through coupling con-
denser 21 to the grid of tube 22. This tube 22
is arranged for the same performance as tube
13, that is, it generates a saw-tooth wave form
output but on the negative half cycles of tube
{f. The circuit elements associated with tube 22,
namely resistors 23 and 24, condenser 25, and
protentiometer 26, perform the same functions
in the circuit of tube 22, as resistors 15 and (6,
condenser 17T and potentiometer 18, respectively,
in the circuit of tube 13.

The outputs of tubes 13 and 22 are thus dis-
placed by one-half cycle. The output of tube 22
is shown at P4 in Fig. 2, and is displaced by 180°
from P3 of Fig. 2. The magnitude of the output
potential of tube 22 is made equal to the poten-
tial developed in the output of the other saw-
tooth generator tube 3.

The output of tube 22 is applied conventionally
to the grid of a self-biased amplifier tube 27,
which, being a resistance-capacitance coupled
amplifier will invert the signal applied to its
grid. The amplifier is adjusted for a gain of
unity; thus the output potential is of the same
magnitude as the output of the saw-tooth gen-
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erator tubes. The output of amplifier tube 27
then has the form shown at K86 in Fig. 2.

The output of tube 27 is applied to the grid
of another resistance-capacitance coupled cath-
ode follower amplifier tube 28. However, it will
be noted that this latter tube uses the same cath-
ode resistor that is in the eathode circuit of tube
{8, namely resistor 28. Tube {9 therefore serves
as & combining amplifier, since its cathode cir-
cuit combines its own output with that of tube 28.

The combining of the two outputs is accom-
plished as follows:

With no signal on the grid of either tube 19
or tube 23 the current through resistor 28 is the
sum of the steady plate current of both tubes i3
and 28. When a negative signal is applied to
the grid of tube 28 there will be no signal on
the grid of tube {9, due to the half cycle dis-
placement between the two signals, as previously
explained. Similarly, when a positive signal is
on the grid of tube 18, no signal is on the grid
of tube 28.

The current through resistor 20 decreases in
accordance with the negative signals on the grid
of tube 28, and increases in accordance with the
positive signals on the grid of tube 9. It will
be remembered that cnly. positive sawtooth sig-
nals are applied to the grid of tube 19 and only
negative sawtooth signals to the grid of tube 28.
The output voltage from resistor 20 then follows
the wave form of the two voltages on the grids
of tubes {8 and 28, and is represented at Ko in
Fig. 2. Resistor 20 in Fig. 1 is shown as a poten-
tiometer to provide means for varying the ampli-
tude of its output voltage.

It is to be understood that while one circuit has
been described which generates the voltage wave
shape illustrated at Ko in Fig. 2, which wave
shape may be described as a sawtooth wave form
with the alternate cycles inverted, other circuits
may be used to obtain the same wave shape.

This output voltage of wave shape Ko is ap-
plied directly, or through suitable amplifiers, if
required, to the input of a conveantional self-
biased resistance-capacitance coupled amplifier
tube 28. The amplified voltage of the wave form
shown at Ko in Fig. 2 is applied by conventional
means to the grid of a resistance-capacitance
amplifier tube 38. This latter tube is both plate
and cathode loaded. Its plate load resistor 3|
is of the same value as cathode resistor 32, so
that two signals of equal magnitude, but of op-
posite polarity are available from tube 32. Both
of these signals are applied to a deflection volt-
age amplifier system for the vertical deflecting
plates 23 and 34 of a cathode ray tube, and to a
deflection voltage amplifier system for the hori-
zontal deflecting plates 35 and 36.

The vertical deflection voltage amplifier con-
sists of tubes 37 and 28 operating as a self-biased
push-pull amplifier, and with their grids coupled
by resistance-capacitance means to the phase
inverter tube 39. The horizontal deflection volt-
age amplifier consists of tubes 40 and 41 simi-
larly connected in push-pull and coupled to phase
inverter tube 42. Inverter tubes 39 and 42 are
both cathode and plate loaded with resistors of
equal value, which method of phase inversion
for use with push-pull amplifiers is well known.
The grids of the inverter tubes 39 and 42 are
returned to ground in a conventional manner
through high resistance grid resistors.

The output veltage of tubes 37 and 28 for the
vertical deflecting plates is developed across a
high inductance center-tapped choke 42, one end
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of which is connected: to the plate of tube: 37T, the
other end being connected-to the plate of tube 38.
"The center tap is connected to. the: anode supply,
marked B+, which may be of higher potential
than the anode supply, marked B, for the pre-
ceding tubes, as is well known in the art. The
output voltage of tubes 40° and 41 for the horizon-
tal deflecting plates is developed across a similar-
Iy connected inductance. 44.. The development of
the neecssary voltages across these two induct-
ances for polar scanning will now be-described.

Returning to tube. 307in Fig. 1, thiere are avail-
ahle from this tube two signals of the same mag-
nitude, but of opposite. polarity; and- of the wave
form shown at Ko in Fig: 2. Qne of the signals
is at the plate of tubie 38, the other at the cath-
ode.. The signal voltage from. the: plate of tube
30 is applied to the grid of jnverter tube 39
through variable condenser 45, and to the grid of
inverter tube 42 through variable condenser 4%.
The signal voltage from the cathiode of tube 30
is applied to the grid of tube 39 through variable
condenser 46, and to the grid of tube 42-through
variable condenser 48.

Tt. is. by means of the signals from tube 36, and
the arrangement of. the rotor plates of the four
variable. condensers, that the necessary horizon-
tal and vertical defiecting plate valtages for polar
scanning are formed. As indgicated in Fig. 1, the
variable condensers are ganged, the rotor plates
peing turned by a common shaft. The rofor
plates.of condensers 45 and 46 are insulated from
tHe rotor plates of condensers 4T and 48, and all
four rotor plates are insulated from ground. The
rotors are driven by some suitable means, such
as a. motor M, and the speed of rotation of the
rotor shaft determines the rate of the polar
scanning of the cathode ray tube. The arrange-
ment of the condenser rotor plates is illustrated
in PFig, 4. Semi-circular plates are shown for the

. purpose of iltustration, but other shiapes may be
used’ as required.

In Fig. 4, at the particular instant shown, the
rotor plates of condenser 45q, representing con-
denser 45 of Fig. 1, are in:full mesh or maximum
capacity position. The rotor of condenser 4%c,
which. represents- condenser &6 in Tg. 1, is com-
pletely out of mesh or at minimum capacity, and
the rotors of condensers 47a and 48¢, represent-
ing condensers 47 and 48 of Fig. 1, are-at cne-
half mesh or one-half maximum capacity posi-
tion. It is by this 180° relation between: con-
densers-45 and 46 and between condensers 47 and
28 and the 90° relation between each pair that

the rotating field for polar scanning fromy the:

saw=tooth input signals is- formed.

The generation of the necessary veltages for
polar scanming may be understood by referring
to Fig. 3, and the right-hand part of Fig. 1, bear-
ing in mind that the deflection of the electron
beam of a cathode ray tube depends upon the
resultant field of- two mutually perpendicular
fields, which fields are proportional to: the-magni-
tudes and polarity of the differences of potential
between the plates of each
pendicular deflecting plates. If the relative
magnitudes or the polarity of these mutually per-
pendicular fields is changed then the direction
of the resultant field will'change. -

Assume that the negative-half cycle of the-am-
plified saw-tcoth signal is applied to the grig of
tube 30 and that the positions of the: variable
condenser-assembly rotors are as:shown in Fig. 4,
the signals applied to all four variable condensers

will. be- of equal magnitude; since resistor 3l

pair of mutually per-

10

15

20

25

30

35

40-

45-

50

bd’

60-

65

70

5

whieh: tube is part of

6

equalé resistor 32, but the signals: applied to var-
iable condensers 45 and 4T will. be:positive while
the signals  applied to condensers 46 and 48: will
pe negative: Since the reactance. of a.condenser
is inversely preportional to-its:capacity; the volt-
age drop across condenser &% will be much: less
than the voltage drep &Cross: condenser 46. A
large: positive voltage and & smazll negative volt-
age will then Ye applied-to the grid of tube 39,
the vertical deflectingrplate
voltage- amplifier. )

The: signal appliedto the grid of tube 42, which
tube is- part of the horizontal deflecting plate
voltage amplifier; is & positive: voltage from: the
plate of tube: 36° and: an: equal negative voltage
spom the catliode of:tube 30; or:a net zero:signal
voltage- sinee- condensers &1 and’ 4% are set at
equal’ capacity positions.

The voltage relations are shown: in. Fig. 3, col-
umn I; for the condition assumed above, i..e. with
a negative: signal on grid of tube 30, and with
the condenser rotors as shOwn in Fig: 4. In Fie.
3 845 is-the signal from condenser 45, 545 the
sienal from condenser 46, S471 the signal from
condenser-4T; snd S48 the signal from condenser
48.

The net voltage on. the grid of each inverter
tube 30'and 42 is the algebraic sum of the indi-
vidual® voltages from the-condensers. Thus, E in
Fig: 3, which represents the voltage -on the grid
of tube 39; is the algebraic:sum of S65 and S48,
o positive voltage which increases with time, then
suddenly returns to: Zero; and. P, which repre-
sents the voltage om: the grid of tube 42, is the
sum of S&T and: S48 which is zero-voltage:

For the period assumed, the signal, as amplified
by the deflecting voltage amplifiers, will. be such
that the signal voltage developed across choke
43 for the vertical deflecting plates will'be positive
on. the: upper plate: and: pegative on the: lower
plate; and the signal voltage developed across in-
ductance 44 for the horizontal deflecting plates
will bezero.

The signal voltage developed: across: inductance
43 is: applied to the vertical deflecting plates 33
and 34 by means of’ coupling and blocking: con-
densers: 51 and’ 52,. and: the resistors 49 and 58
in the High voltage supply circuit +HV.

Iikewise; any signal voltage: developed across
inductance 44 is applied fo horizontal deflecting
plates 35: and 38 by way of condensers 55 and 96
and resistors 53:and 5%

The supply voltage: 4-HV shown in Fig. 1 repre-
sents the high voltage which, in practice; is gen-
erally-applied to.the second anode and also to the
deflecting plates of a cathode ray tube. By such
a connection: the deflecting plates are at practi-
cally: the same: direct: potential. as the second
anode; thus minimizing' any retardation of the
electron  stream as: it gpproaches the deflecting
plates: This method of operation is 'well known
in the:art.

The pattern: on the: sereem: of the-cathode: ray
tube-will then, for conditions previously’ assumed,
be: as: shown at” G in Fig: 3, column 1, the spot
moving uniformly from. the center- to the edge
of the: tube; then returning rapidly. With the
condenser rotors i the: position shown in Pig. 4,
there: will always be maximunm percentage of the
sienal’ voltage: on: the grid of tube: 39 and zero
signalvoltage onthegrid of tube 42:

Assume now that the: condenser shaft. has ro-
tated a-quarber turn clockwise: and.that thenega-
tive half of the saw-tooth: voltage- is again on
the grid.of tube 30: Under these: conditions there
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will be equal positive and negative voltages ap-
plied to the grid of tube 39 since condensers. 45
and 46 are both at % maximum capacity, but on
the grid of tube 42 there will be a large portion
of the positive voltage from the plate to tube 30
as condenser 47 is now at maximum capacity,
with minimum voltage drop across it, and g small
negative voltage from the cathode of tube 30 since
condenser 48 is at minimum capacity with maxi-
mum voltage drop across it. Thus the voltage
relations will be as shown in column 2 of Fig. 3
where the letters S45 to S48, E and F represent
the voltages at the points previously mentioned.
For this assumed condition the voltages derived
from the deflection voltage amplifiers and applied
to the deflecting plates will be such as to sweep
the electron beam across the screen from the
center to the right in the pattern shown at G
in Fig. 3, column 2.

With the negative half cycle of the input volt-
age and with the condenser shaft rotated an-
other ¥ turn clockwise the voltages from the
variable condensers and the net voltages on the
grids of tubes 239 and 42 will be as shown under
column 3 of Fig. 3, the resulting screen pattern
being shown at G in the same column.

For positions of the condenser rotors other than
the three assumed positions it is easily seen that
as the condenser rotors are rotating, one deflect-
ing voltage, either horizontal or vertical, is in-
creasing while the other is decreasing. The re-
sultant field due to these voltages is then chang-
ing its direction at the speed of rotation of the
condenser rotor shaft. In general, the rotationsal
speed of the condenser will be very low compared
to the saw-tooth frequency. In other words,
there will be a large number of radial scans for
each complete revolution of the radius vector
shown at G, column 1, Fig. 3.

The previous assumptions have been for nega-
tive portions of the sawtooth signal applied to
tube 38 in Fig. 1, and the diagrams in Fig. 3 are
for this signal. On the positive half cycles of the
said sawbooth signal, the voltages represented in
Fig. 3 will, of course, be of opposite polarity re-
sulting in patterns, for each case shown at G, Fig.
3, extending in the opposite direction from the
center of the screen. For an input of both posi-
tive and negative half cycles of the sawtooth sig-
nal, & line pattern will appear on the screen with
its center at the center of the screen and which
will rotate about its center at an angular velocity
equal to the angular velocity of the condenser as-
sembly shaft,

If it is desired to produce an effect similar to
that shown at G, Fig. 3, namely a pattern ex-
tending from the center in one direction only but
revelving about the center of the screen, a blank-
ing circuit is provided by vacuum tube 57 in Fig.
1. This tube is cathode loaded and its grid is
excited from the output of tube {1 through grid
counling condenser 59 and grid resistor 60. On
the negative half cycles of the output of tube It
a negative voltage is developed across its cathode
load resistor §8 which voltage may be applied
to the control grid of the cathode ray tube to pre-
vent beam current from flowing during this half
cycle of the multivibrator oscillation.

It may be desirable in some applications of
polar scanning to vary the speed of the electron
beam during its sweep across the fuorescent
screen. For example a faster sweep may be de-
sired near the center of the screen than in regions
farther from the center. This may be accom-
plished by allowing the voltage on the condensers
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17 and 25, in the sawtooth generator circuits as-
sociated with tubes 13 and 22, to build up logarith-
mically with time instead of linearly as illustrated
and described with reference to tubes 13 and 22
of the invention.

Provision for affecting the linearity of the saw-
tooth wave fronts is incorporated in the inven-
tion through adjustment of potentiometer 18 for
tube {3 and potentiometer 26 for tube 22 (Fig. 1).

It is well known in the art that the ratio of
supply voltage to the potential to which a con-
denser is permitted to charge, in a resistance-
capacitance circuit, determines the linearity of
the charging voltage wave or of the wave front
of a generated saw-tooth wave. If the supply
voltage is much higher than the voltage to which
a condenser is permitted to charge, in this type
circuit, the charge or the potential will build up
on the condenser at a linear rate. In practice
the cendenser in a saw~tooth generator is allowed
to charge up to about 15% of the supply voltage
for a linear wave front,

If, however, the condenser charges to nearly
the same potential as the supply voltage, or con-
versely, if the supply voltage is low so that in the
charging cycle of the condenser it is charged to a
high percentage of the supply voltage, the poten-
tial on the condenser builds up logarithmically
with time and the wave front of the saw-tooth
wave is logarithmic instead of linear,

If the movabkle arms of the potentiometers {8
for tube 13 and 26 for tube 22, Fig. 1, are moved
toward the grounded side of the potentiometer
resistance a lower supply voltage will be applied
to the plate circuits of tubes £3 and 22. If the
voltage applied approximates the voltage to which
the condensers 7 and 25 are permitted to charge
during their charging cycle, a logarithmic saw-
tooth wave will be generated, resulting in a de-
flecting voltage which varies logarithmically with
time being applied to the deflecting plates. Like-
wise, if the arms are moved toward the high po-
tential side of the resistance and voltage condi-
tions are favorable, a linear saw-tooth wave will
be generated, resulting in g linear deflecting volt-
age being applied to the deflecting plates.

It is to be understood that the result obtained
from the arrangement and operation of the four
ganged variable condensers 45, 48, 471 and 48,
Fig. 1, previously described, may be accomplished
by other means. Each pair of condensers con-
nected to each grid of the inverter tubes 38 and
42, acts as a capacitance potentiometer capable
of varying the magnitude of the signal voliages
applied to the grids of the inverter tubes and of
cyclically selecting the voltage from the plate or
cathode circuit of tube 38 which circuits are of
opposite phase or polarity. Thus, for instance, it
will be apparent to those skilled in the art that a
suitable resistance potentiometer could be substi-
tuted for each pair of condensers 45—a§ and
47—48. The arms of these potentiometers could
be displaced 90° relative to each other and rotated
by a suitable means to accomplish the same result
as the variable condensers. However, the capaci-
tive embodiment is the preferred arrangement
since g smoother voltage change is accomplished
by this method than is practical to obtain with a
resistance potentiometer.

It is also to be understood that while the in-
vention is illustrated and described for electro-
static deflection of the electron beam of a cath-
ode ray tube, it is applicable to magnetic deflec-
tion. It will be apparent to those familiar with
the art that by changing the wave form of the
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voltage derived from the output of the combin-
ing amplifier 189, Fig. 1, illustrated at Ko in Fig.
2, to a.form suitable for magnetic deflection coils,
and by using suitable deflection voltage ampli-
fiers for the larger power .requirements of mag-
netic deflection means, the invention may e ap-
plied to .cathode ray tubes having magnetic de-
flecting coils.

In practicing this invention in accordance with
the embodiment illustrated in Fig. 1 and the de-
scription related thereto, type TN7 twin triode
tubes were used in all circuits except the push-
pull.amplifier tubes 37, 38, 490, 41, which were type
678G twin triodes. The advantage of the twin
type tubes is, of course, a more compact arrange-
ment than is possible with single tubes.

The anode supply voltage marked B+ in the
various locations in Fig. 1 was 200 volts, that
marked B+ for the push-pull amplifier tubes
was -250.volts, while the high voltage designated
as +HV was.3000 volis D. C.

Other circuit values which are of special in-
terest in the operation of the invention, as shown
in Fig. 1, are as follows:

The multivibrator output frequency -was 500
cycles per second.

All grid coupling condensers, other than those
in the multivibrator circuit, were 0.1 uf.

The maximum capacity of each of the four
variable condensers.45,°46, 41 and 48 was 500 puf.

All grid resistors, other than those in the mul-
tivibrator.circuit, were of 5 megohms, except that
the grid resistors for the two phase inverter tubes
39 and 42 had a value of 40 . megohms. The pur-
pose. of the high value of grid leak resistance is
to preserve the wave form of the generated saw-
tooth wave in the various amplifying circuits for
application to the deflecting plates.

Resistors 46 and 24.in the saw-tooth wave:gen-
erators were variable 1 megohm resistances while
the associated condensers 47 and 25 were 0.003 uf.

Resistor-20 was a 5000.ohm potentiometer.

Inductances 43 and #4 each consisted of two
80 henry chokes connected in series.

Resistors 48,:50,.53, 54 were each 5 megohms.

Condensers 51, 52, 55, 56 .were each 0.01 uf.

.Other circuit parameters were of such values
for the type tubes and voltages used as would be
used in conventional circuits.

While a particular circuit arrangement has
been illustrated and described to disclose the in-
vention, it is to be understood that it is nof lim-
ited thereby, since.variations .and modifications
in ‘the circuit .arrangements and in the instru-
mentalities-employed-are deemed to be within the
scope of the invention .as defined by the ap-
pended-claims.

I claim:

1. In g system for-effecting polar scanning of a
cathode ray tube, means for generating an alter-
nating voltage wave having & rising ‘wave front
and -a steep wave back in each half cycle, means
responsive to said voltage wave for producing con-
trol voltages, means for -cyclically varying said
control voltages, and means operable by said
control voltages to effect scanning movement of
the electron beam within said tube.

9. In a system for effecting . polar scanning of a
cathode ray tube, means for generating an-alter-
nating voltage wave having a rising wave front
and.-a steep wave.back in each half cycle, means
responsive to said voltage wave for producing
control voltages, means for cyclically varying said
control -voltages, means operable by said control
voltages to produce resultant deflecting voltages,
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and means for applying said deflecting voltages to
the deflecting élements of said tube.

3. In & system for effecting polar scanning of 2
cathode ray tube, means for generating an-alter-
nating voltage wave having a rising wave front
and.a steep wave back in each half cycle, means
responsive to said voltage wave for producing
control voltages, a pair of deflecting circuits con-
nected ‘to the deflecting -elements of said -tube,
means for .applying said control voltages:-to said
deflecting circuits, and means for cyclicglly vary-
ing said control voltages in .a manner to effect
polar seanning ‘movement Gf ‘the electron ‘beam
within said tube.

4, In a system for effecting polar scanning of a
cathode ray tube, means for generating an-alter-
nating voltage wave having -a rising wave front
and a steep wave back’'in each half cycle, means
responsive “to said voltage “wave for producing
control voltages, a -pair of push-pull -deflecting
circuits -connected “to ‘the -deflecting elements of
said tube, means ‘for applying said control voli-
ages to said deflecting -circuits, and -means for
cyclically varying said control voltages in a‘man-
ner to effect polar scanning movement of ‘the
electron beam within said tube.

5. Tn a-system for effecting-polar scanning of &
cathode ray tube, means for -generating an alter-
nating voltage wave having a rising wave front
and a steep wave back-in-each half- cycle, means
responsive “to -said ‘voltage wave for producing
control voltages, a pair -of-deflecting circuits con-
nected “to the deflecting -elements of said tube,
means ‘for applying said control voltages to said
deflecting circuits, -and ‘means including -power-~
driven varidable -condensers operatively associat-~
ed ‘with -said cireuits -for cyclically varying -said
control voltages in a manner to effect polar-scan-
ning movement-of the electron beam within said
tube.

-6. In-a system for effecting polar-scanning of -4
cathode ray tube, means for:generating an alter-
nating voltage wave having a rising wave frong
and a steep wave back in-each half cycle, means
responsive to -said voltage wave for ‘producing
two control voltages of opposite phase, a pair.of
deflecting -¢ircuits having their -outputs respec-
tively connected ‘to -the -deflecting -elements of
said -tube, means for -applying both of -said con-
trol voltages to the-input of each of said-deflect~
ing circuits, and means for cyclically varying the
input ‘voltages -to -said ‘deflecting -circuifs in 2
manner to effect polar scanning movement of the
slectron beam within-said tube.

7. In g system for effecting polar scanning of
a3 cathode ray tube, means for producing -a -pair
of saw-tooth control voltages -of opposite phase,
a pair of deflecting circuits ‘having their -outputs
respectively connected to the-defiecting -elements
of ‘said ‘tube, ‘means ‘for -applying both -of -said
control voltages to the input of -each of said de-
flecting circuits, and means for cyclically varying
the input voltages to said -deflecting ecircuits in
5 manner to effect -polar scanning -movement of
the-electron ‘beam within -said ‘tube.

8. Tn a system “for effecting polar -scanning of
a cathode ray tube, means for generating -an
alternating voltage wave having a rising “wave
front -and a steep wave back'in each half cycle,
a vacuum tube having cathode and anode load
impedances, .means for applying said voltage
wave to the input of said vacuum tube, a pair of
deflecting circuits -having their -outputs respec-
tively connected.to the deflecting elements of said
cathode .ray fibe, connections hetween said im-
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pedances and the inputs of said deflecting cir-
cuits for applying the oubput voltages of said
vacuum tube to each deflecting circuit, and means
for cyclically varying the input voltages to said
deflecting circuits in a manner to effect polar
scanning movement of the electron beam within
said cathode ray tube.

9. In a system for effecting polar scanning of
a cathode ray tube, means for generating an
alternating voltage wave having g rising wave
front and a steep wave back in each half cycle,
a vacuum tube having cathode and anode load
impedances, means for gpplying said voltage
wave to the input of said vacuum tube, a pair
of deflecting circuits having their outputs respec-
tively connected to the deflecting elements of said
cathode ray tube, connections between said im-
bedances and the inputs of said deflecting cir-
cuits for applying the output voltages of said
vacuum tube to each deflecting circuit, and
power-driven variable condensers in said connec~
tions arranged to vary the input voltages to said
deflecting circuits cyclically and relatively in a
manner to effect polar scanning movement of the
electron beam within said cathode ray tube.

10. In a system for effecting polar scanning of
a cathode ray tube, a source of square wave volt-
age, means connected to said source for produc-
ing saw-~tooth voltages which when combined are
adapted to constitute an alternating voltage wave
having a rising wave front and a steep wave back
in each half cycle, means for combining said
saw-~tooth voltages to produce said voltage wave,
means responsive to said voltage wave for pro-
ducing control voltages, means operable by said
control voltages to produce deflecting voltages,
means for applying said deflecting voltages to
the deflecting elements of said tube, and means
for cyclically varying said control voltages in a
manner to effect polar scanning movement of the
electron heam within said tube.

11, In g system for effecting polar scanning of
a cathode ray tube, a source of square wave volt-
age, means connected to said source for produc-
ing saw-tooth voltages which when combined are
adapted to constitute an alternating voltage wave
having a rising wave front and a steep wave back
in each half cycle, means for combining said saw-
tooth voltages to produce said voltage wave,
means responsive to said voltage wave for pro-
ducing control voltages, a pair of deflecting cir-
cuits connected to the deflecting elements of said
tube, means for applying said control voltages to
said deflecting circuits, and means for cyclically
varying said control voltages in a manner to
effect polar scanning movement of the electron
beam within said tube.

12. In a system for effecting polar scanning of
a cathode ray tube, a source of square wave volt-
age, means connected to said source for produc-
ing saw-tooth voltages which when combined are
adapted to constitute an alternating voltage wave
having a rising wave front and a steep wave back
in each half cycle, means for combining said saw-
booth voltages to produce .said voltage wave,
means responsive to said voltage wave for pro-
ducing control voltages, a pair of push-pull de-
flecting circuits connected to the deflecting ele-
ments of said tube, means for applying said con-
;rol voltages to said deflecting circuits, and means
‘or cyclically varying said control voltages in a
nanner to effect polar scanning movement of the
slectron beam within said tube.

13. In a system for effecting polar scanning of
1 cathode ray tube, a source of square wave volt-
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age, means connected to said source for: produc-
ing saw-tooth voltages which when combined are
adapted to constitute an alternating voltage wave
having a rising wave front and a steep wave back
in each half cycle, means for combining said saw-
tooth voltages to produce said -voltage wave,
means responsive to said voltage wave for pro-
ducing two control voltages of opposite phase, a
pair of deflecting circuits having their outputs
respectively connected to the deflecting elements
of said tube, means for applying both of said
control voltages to the input of each of said de-
flecting circuits, and means for eyclically varying
the input voltages to said deflecting circuits in
a manner o effect polar scanning movement of
the electron beam within said tube. o

14, In a system for effecting polar scanning of
a cathode ray tube, a source of square wave volt-
age, means connected to said source for produc-
ing saw-~tooth voltages which when combined are
adapted to constitute an alternating voltage wave
having a rising wave front and a steep wave back
in each half cycle, means for combining said saw-
tooth voltages to produce said voltage wave, g

' vacuum tube having cathode and anode load im-

pedances, means for applying said voltage wave
to the input of said vacuum tube, a pair of de-
flecting circuits having their outputs respectively

- connected to the deflecting elements of said cath-
30

ode ray tube, connections between said imped-
ances and the inputs of said deflecting circuits
for applying the output voltages of said vacuum
tube to each deflecting circuit, and means for
cyclically varying the input voltages to said de-

. fiecting circuits in a manner to effect polar scan-

ning movement of the electron beam within said
cathode ray tube.

15. In a system for effecting polar scanning of
a cathode ray tube, a source of square wave volt-
age, means connected to said source for produc-
ing saw-tooth voltages which when combined are
adapted to constitute an alternating voltage wave
having a rising wave front and a steep wave back
in- each half cycle, means for combining said
saw-tooth voltages to produce said voltage wave,
a vacuum tube having cathode and anode load
impedances, means for applying said voltage
wave o the input of said vacuum tube, a pair of
deflecting circuits having their outputs respec-
tively connected to the deflecting elements of said
cathode ray tube, connections between said im-
pedances and the inputs of said deflecting circuits
for applying the output voltages of said vacuum
tube to each deflecting circuit, and power-driven
variable condensers in said connections arranged
to vary the input voltages to said deflecting cir-
cuits cyclically and relatively in a manner to
effect polar scanning movement of the electron
beam within said cathode ray tube. L

16. A method of effecting polar scanning of a
cathode ray tube, which compriges generating an
alternating voltage wave having a rising wave
front and a steep wave back in each half cycle,
utilizing said voltage wave to produce control
voltages for effecting the scanning operation, and
cyclically varying said control voltages in a man-
ner to effect polar scanning movement of the
electron beam within said tube.

17. In a system for effecting polar scanning of
a cathode ray tube, a pair of deflecting circuits
connected to the deflecting elements of said tube,
means for producing a first pair of saw-tcoth
voltages of opposite phase, means for adding said
saw~tooth voltages algebraically to produce a re-
sultant voltage, means for applying said resultant
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voltage to one of said deflecting circuits, means
for cyclically varying the magnitude and phase
of said resultant voltage, means for producing a
second pair of saw-tooth voltages of opposite
phase, means for adding said last-named saw-
tooth voltages algebraically to produce a second
resultant voltage, means for applying said second
resultant voltage to the other of said deflecting
circuits, and means for cyclically varying the
magnitude and phase of said second resultant
voltage.

18. A system for effecting polar scanning of a
cathode ray tube as defined in claim 17, wherein
the recited means for varying the resultant volt-
ages comprise power-driven variable condensers.

19. In a system for effecting polar scanning of
a cathode ray tube, a pair of deflecting circuits
connected to the deflecting elements of said tube,
means for generating an alternating vyoltage wave
having a rising wave front and a steep wave back
in each half cycle, means responsive to said wave
for producing a first pair of saw-tooth voltages
of opposite phase, means for adding said saw-
tooth voltages algebraically to produce & result-
ant voltage, means for applying said resultant
voltage to one of said deflecting circuits, means
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for cyclically varying the magnitude and phase
of said resultant voltage, means responsive to
said wave for producing a second pair of saw-
tooth voltages of opposite phase, means for add-
ing said last-named saw-tooth voltages algebrai-
cally to produce a second resultant voltage, means
for applying said second resultant voltage to the
other of said deflecting circuits, and means for
cyclically varying the magnitude and phase of
said second resultant voltage.
11.0YD J. BOBB.
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