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This invention relates to television systems and,
more particularly, to the provision of an improved
method of, and means for, effecting scanmng of
the interlaced type.

Various types of scanning systems for tele-

‘vision and similar apparatus have heretofore been

designed, systems of the interlaced type having
proved especially advantageous. In such sys-
tems, the heam, as, for example, the cathode ray
where television cathode-ray tubes are employed,
is defiected in two directions normal to each

other, so as o trace upon the target of the ap- -

paratus series of parallel lines, usually horizontal,

. forming successive fields. In conventional in-
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terlaced scanning, the field freguency is a frac-
tional muitiple of the line frequency so that the
lines of one field interlace or fall between the lines
of a preceding feld, a plurality of successive fields
thus constituting a single frame and represent-
ing a single complete image. Due to persistence
of vision, the optical effect produced is as though
each frame were traversed but once and com-
prised a muitiple of the number of lines of a

single field and as though the frame frequency

were equal to the fleld frequency.

The number of lines in each frame determines
the resolution obtainable in a vertical direction,
that is, the number of picture elements or var-
iations in light intensity from top to bottom of
the image, which may be transmitted or repro-
duced. Preferably, the resclution in the vertical
direction should be substantially the same as in
the horizontal. Since the width of the video-
frequency band required for transmitting the
image is determined by the number of separate
picture elements scanned per second, one deter-
mining factor of this band width is the number
of lines transmitted per second. Hence, the
greater the number of lines per second, other
factors remaining the sazmpg, the wider the video-
frequency band required. Therefore, if the num-
ber of lines per second can be reduced, as by re-
ducing the number of frames per second, the
required video-frequency hand can correspond-
ingly be reduced without impairing the picture
definition, or if with the same number of lines
per second, the effect of a greater number can
be obtained, as by increasing the number of fields
per frame, the picture definition can be improved
without increasing the required video-frequency
band. Ir the single fleld per frame type of scan-
ning originally proposed, a mmimum of 40 fields
per second is required in order to avold flicker,
60 fields per second being preferable; as men-

- tioned above, in interlaced scanning several flelds

(CL. 178—1.7)

appear as a single frame, so that the number of
fields required per second is the same as the num-
ber of frames per second originally reguired.
Hence, either the required video-frequency band
for a given picture definiticn may be reduced, or
the picture definition may be improved without
increasing the video-frequency band by reducing
the number of frames per second and increasing
the number of fields per frame.

The conventional type of double inierlaced
scanning, as briefly described sbove, schieves
these desirable resulis to a cerizin degree over
the single field per frame type of scanning orig-
inally employed. Various modified forms of muil-
tiple interlaced scanning systems have slso here-
tofore been praoposed to increase the degrees of
improvement over the single field scanning.
However, certzin diffculiies are presenied when

" it is attempted to interiace more than two fields

per frame, among which are inciuded the phe-
nomenon known as “crawiing,” that is, the ap-
pearance of moving waves in the reproduced pic-
tures toward the top or botfom of the picture
when the lines of the several fields of each frame
follow each other in censecutive order.

It is an object of the present invention, there-
fore, to provide & novel and improved type of
interlaced scanning for television systems.

It is a further object of the invention to pro-
vide a scanning system of the character described,
whereby there may be utilized a reduced video-
frequency band without impairment of definition,
or an improved definition may be procured for
g given video-freguency band, or both, without
crawling or fiicker.

In accordance with the present invention, there
is provided an interlaced scanning system for
television or similar apparatus which may com-
prise either cathode-ray tubes, or mechanical
signal-generating or receiving devices employing
either cathode rays, Hght beams, or other equiva-
lent means in connection therewith. The appa-
ratus comprises means for deflecting the ray to
scan the target in a given direction including
means -for. generating s periodic saw-tooth wave
of a predetermined line-scanring freqgiency. The
system also comprises means for deflecting the
ray to scan the target in & second direction nor-

"mal to the given direction including means for

generating & periodic saw-tooth wave of a pre-
determined fleld-scanning freguency related to
the line-scanning frequency. Means are further
provided for tracing a plurality of flelds of par-
allel lines on the target while avoiding the ap-
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vision image comprising means for periodically
modifying the action of the field-deflecting means
in cycles having a period at least four times as
long as the period of, that is, at a frequency not
greater than one-fourth that of, the fleld-scan-
ning frequency to displace the field in the second
direction in irregular sequence. In other words,
the lines of one fleld are traced beiween corre-
sponding lines of preceding fields and the fleld
order is in irregular sequence, such as 1, 3, 2, 4
or 1, 4, 2, 3 as distinguished from the conven-
tional regular sequence of 1, 2, 3, 4 which has
heretofore been proposed. By virtue of this ir-
regular interlacing sequence, undesirable crawling
effects are avoided while the interlacing produces
the well-known optical effect of each frame in-
cluding the total lines of all of the fields and of
the flicker occurring at the fleld frequency.
Hence, either the number of lines per second, and,
therefore, the required video-frequency band, may
be substantially reduced without impairing the
deflnition, or the same number ¢f lines per second
may be used with no increase in the video-fre-

' quency band, to provide substantially improved
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definition, or a combingiion of both of these two
desirable results may be obtained. Flicker and
;imﬂar defects may be overcome by closely spac-
ing o overlapping the lines of the fields of each
frame and this may be done in the present sys-
tem without reducing the picture height since a
substantially increased number of lines per frame
may be used without increasing the video-fre-
quency band width.

In accordance with one embodiment of the -
present invention, the frame-frequency deflect- -

ing means is arranged to deflect the ray with
two deflection components at predetermined dif-
ferent amplitudes and frequencies. One com-
ponent, the fleld frequency, may, for example,
be of the usual saw-tcoth form at quadruple the
desired irame frequency, while the other com-
ponent is of rectangular wave form having an
amplitude corresponding to one-half of the line
separation of each field and of a frequency equal
to one-quarter that of the saw-tooth component,
that is, equal to the frame frequency. The fre-
gueney of the line-freguency defiecting means is
preferably a Iractional multiple or aliguant of
the field frequency sc that, with this arrange-
ment, each frame includes four fields and the
seguence of their verticael displacement or inter-
lzceis 1, 3, 2, 4. ' )

For a better understanding of the present in-
vention, together with other and further objects

- thereof, reference is had to the following de- .

scription taken in connection with the secom-
panying drawings and its scope will be pointed
out In the appended claims,

In the accompanying drawings, Fig. 1 is a
diagram of a complete cathode-ray tube tele-
vision-transmitting system, pariially schematic,
including a scanning system embodying the pres-
ent invention, while Figs. 2 and 3 are groups
of curves illustrating the currént or voltage wave
forms developed at various parts of the system
of Fig. 1 and the scanning paths traced by the
heam on the cathode-ray tube target in accord-
ance with.the system of the present invention,
to aid in the understanding thereof.

Referring now more particularly to Fig. 1 of
the drawings, the television system there illus-

trated comprises a cathode-ray signal-generat-

ing tube and camera device of conventional de-

sign indicated generally at 18, including a sig-
nel-generating tube {1 having the ususl electron
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gun, photosensitive target, and line- and field-
scanning elements fla and 11b, respectively, as
indicated. For developing scanning currents for
the signal-generating tube in accordance with
the present invention as hereinafter described
in detail, there are provided a saw-tooth line-
scanning wave generator 12, a saw-tooth . field-
scanning wave generator 13, and a rectangular
impulse frame-scanning wave generator (4.
The output circuit of the line-scanning gener-
ator 12 is connected directly to the line-scanning
elements {la of the cathode-ray tube 1{, while
the output circuits of the field-scanning gener-
ator 13 and rectangular wave generator 4 are
coupled to the frame-scanning elements 1ib, by
way of suitable signal-combining apparatus 1.

In order to provide pedestal impulses for block-
ing-out or suppressing the cathode ray during
retrace portions of the scanning cycles, and for
suppressing undesirable impulses in, and ensur-
ing the proper wave form of, the modulation
signal developed by the generator {0, there is
provided a pedestal impulse generator 15 having

an output circuit coupled to the control grid of

the signal-generating tube {{. A synchronizing-
impulse generator i6 is provided for developing

‘a synchronizing-modulation wave for use in con-

trolling the action of scanning apparatus at re-
ceivers corresponding to the transmitter-scan-
ning apparatus. In order to synchronize the
frequencies developed by the gener:?.tors 12—18,
inclusive, there is provided a timing-impulse
generator 18, the output circuits of which are
connected to the generators {2—16, inclusive,
as shown. Preferably, the pedestal- and syn-
chronizing-impulse generators are also suitably
coupled, as shown, to ensure synchronism of the
operations. :

10

15

20

25

30

35 .

A modulation-frequency amplifier {9 is coupled

to the output circuits of the cathode-ray signal-
generator tube 18, the pedestal generator (3, and
the synchronizing-impulse generator 16. Con-
nected in cascade to the output circuit of the
amplifier 19, in the order named, are a modu-
Iator 20 provided with a local oscillator 2{, as
shown, a2 power amplifier 22, and an antenna
system 23, 28, all according to conventional prac-
tice.

Neglecting for the moment the details of the
structure and operation of the scanning appa-
ratus §2—§3, inclusive, per se, the system just
described consiitutes a television-transmitting
system of conventional design, those parts of the
system iilustrated schematically being of any
well-known suitable construction so that a de-
tailed description of the system and iis
operation is unnecessary herein. Briefly, how-
ever, the image of a scene to be transmitted

- is focused on the target of the tube (1, in which

a cathode ray or heam is developed accelerated,
and focused upon the target. Scanning or de-
flecting currents developed by the generators (2,
13, and i4 are applied to the scanning coils of
the signal-generating tube to provide magnetic
flelds which serve to deflect the ray so as to scan
successive series of parallel lines on the target.
Pedestal impuises developed by the generator {5
are applied io the control electrode of the tube {1
to suppress or block-out the beam during the
retrace portions of the scanning cycles and are
appiied to the modulation-frequency ampiifier 9
to suppress undesirable impulses developed in
the system and to aid in attaining the required
wave form of the modulation signal. The photo-
sensitive elements of the target being electrically
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affecied to an exient dependent upon the vary-
ing values of light and shade at corresponding in-
cremental areas of images focused thereon as the
cathede ray passes over the target a voltage of

. correspondingly varying amplitude is developed

in the output cireuit of the signal-generating
tube it and applied to the amplifier {8. Syn-
chronizing impulses developed by the generator
{6 are applied fo the amplifier 9 and to the
pedestal generafor {5 to lock the latter in syn-
chronism. The proper timing or synchronizing
impulses developed by the timer {8 are applied
to the generators i2—§8 inclusive to maintain
these generators in synchronism with either a
master fregueney in the case of direct camera
shets, or the moving-picture ecamera in the case
where such pictures are being transmitted. The
various modulation-signal components applied to
the amplifier {8 are properiy combined and am-
plified therein and, in turn, are supplied to the
modulator 28, wherein they are impresed upon
the carrier wave generated by the oscillator 21.
The resulfant modulated-carrier signal is de-
livered to the power amplifier 22 for amplifica-
tion and is thereupon impressed upon the an-
tenna system 23, 2& for radiation.

Coming now {o that part of the system embody-
ing the present invention, the scanning wave-
generating spparatus comprises the line-scan-
ning generator 2 which, as stated above, may
be of conventional design and adapte& to develop
a saw-tooth current wave of line-scanning fre-
guency which is applied to the line-scanning ele-
ments {fa of the cathode-ray tube 1f.

The field-scanning generator 12 may include

a conventional relazation oscillator which com-
prises a condenser 25 having a charging-circuit
including g source of direct current, such as a
battery 26 preferably grounded at its negative
terminal, a resistor 27, and the space current
path of a vacuum tube 28. A discharge circuit
comprising an adjustable resistor 29 is connected
aeross the condenser for discharging the same at
o predetermined rate. A regenerating tube 30
is preferably provided in connection with the
tube 28, having its cathode grounded and its
anode connected to the control electrode of the
tube 28. ‘The conirel grid of the regenerating
tube 30 is connected by way of a suitable coupling
condenser 2f and leak resistor 32 to the anode
of the charging tube 28. A buffer amplifier tube
23 is preferably inlerposed between the relaza-
tion oscillator and the impulse generator 18, its
control grid being coupled o the latter by way
of a suitable coupling condenser 34 and leak re-
sistor 35. Operating potential is applied to the
anodes of the tubes 58 and 3% from a suitable
source, such as a batiery 38, by way of a com-
mon load resistor 3T.

The generator € may be of substantially the
same design as the generator {3 and a detailed
description therecf iIs, therefore, unnecessary.
In the drawings, the elements of the generator (4
are designaied by the same reference numerals

- as applied to corresponding elements of the gen-

erator i3, with the added appendizx “e.” In the
generator i€, a resistor 52 is included in serles
with the main condenser 28z for developing an
output voltage of the desired wave form.

For the purpose of combining tHe voltages de-
veloped by the geperafor I8 and (£, there is
provided the signai-combining apparatus, indi-
cated generally &t £7, comprising Input tubes 38

and 38 and e oubput tube £0. The confral grid

of the tube 8§ Iz eoupled across the condenser

3

25 of the generator 13 by way of a voltage divider
resistor 41 and coupling condenser 42, while the
control grid of the tube 39 is coupled by way of
a suitable leak resistor 43 and condenser 48 across
the output resistor 52 of the generator 15. The
control grid of the tube 49 is coupled to the an-
odes of the tubes 38 and 39 by way of a voltage
divider resistor 45 and coupling condensers 46,
while the anode of this tube is coupled to the
field-scanning elements {ib by way of a suitable
coupling condenser 471. Bias resistors 48 and by-
pass condensers 89 are included in the cathode
circuits of the tubes 38, 39, and 40. Anode po-
tential is supplied to the tubes 38 and 38 by way
of suitable load resistors 508 and 51, the latter
being an adjustable voltage divider resistor, as
shown. Anode potential for the tube 40 may be
supplied from s suitable source, also indicated
as +B, by way of a choke 53.

In the operation of the generator {3, the con-
denser 25 is rapidly charged from the source 2§,
by way of the resistor 27 and tube 28, and is dis-
charged at a relatively slow rate through the
resistor 29. This discharging action continues
until the potential difference developed across the
tube 28 is sufficient, upon the:application of 2
synchronizing impulse to its control grid from

‘the impulse generator {8, tc break down the

tube 28 and initiate a charging action. This ini-
tial surge of charging current develops a voltage
impulse across the resistor 27 which is impressed
negativeliy by way of the condenser:3f upon the
confrol grid of the regenerating tube 38, reduc-
ing the conductivity of this tube. A positive peak
is thereby developed across the load resistor 37

- and applied to the control grid of the tube 28

to accelerate the charging action. The synchro-
nizing or timing impulses supplied from the gen-
erator {8 through the buffer amplifier 33 serve
to synchronize the. operation of the generator.
The periodic charging and discharging of the
condenser 25 develops thereacross a periodic volt-
age wave of saw-tooth form having a cycle in-
cluding relatively: slow trace and rapid retrace
portions, this voltage being applied o the grid of
the tube 38 by way of the coupling condenser 42
and voltage divider resistor &f.

The operation of the generator {4 is substan-
tially. the same as that of the generator {3 so
that a detailed explanation thereof is unnecessary.
The voltage across the condenser 28a is of equal
slope saw-tooth wave form and the current
through this condenser is the first derivative
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thereoi, or of rectangular wave form. Therefore, -

in this case an output voltage of rectangular wave
form is developed across the resistor 52 and ap-
plied to the contrel grid of the tube 38 by way
of the coupling condenser 48 and resistor 43.

The output saw-tooith and rectangular voltages
are amplified by the tubes 88 and 3¢ and applied
by way of the resistors 80 and $f, respectively,
condensers 48 and resistor 4% to the control grid
of the tube §8. The tube 39 is preferably so biased
as to operate beyond cutoff, thereby fo ensure
flat-topped rectanguiar voitage waves in its out-
put cireuit. The combined amplified current
wave developed in the ancde circuit of tube 48 is
applied by way of the coupling condenser &7 to
the scanning eclements or windings {0 of the
cathode-ray fube il.

The relative amplitudes of the voltages supplied
from the generators {8 and (6 may be readily ad-
justed by adjustment of the voltage divider re-
sistors 4i and $§, while the amplifude of the
combined frame-scanning currenf in the ancde
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circuit of the tube 40 may be determined by ad-
Jjustment of the voltage divider resistor 45.
The general operation of, and results obtained

by, the system just described may best be under-.

stood with reference to the curves of Figs. 2 and 3.
In these figures, curves A, B, and C represent the
wave forms of the signals developed in the output
circuit of the generators 13, {4 and the combin-~
ing apparatus 11, respectively, the abscissae rep-
resenting time and the ordinates amplitude. The
saw-tooth voliage wave A is of the desired field
frequency which may, for example, be 60 cycles
per second, while the auxiliary or rectangular
wave B is of one-quarter this frequeney, or 15
cycles per second. While the relative amplitudes
of these two waves have been shown in the draw-
ings as not greatly different, the rectangular wave
C, in fact, has an amplitude equal to only half the

distance of the spacing between two lines of a -

field, while the amplitude of curve A corresponds
to the height of a complete field, or the product
of the line spacing by the number of lines per
field. The periodic current wave C, as shown, in-
cludes both the saw-tooth and rectangular com-
ponents at their respective frequencies, this rep-
resenting the current applied to the frame-sean-
ning coils and, hence, the shape of the electro-
magnetic deflecting field developed thereby. In
other words, means are provided for modifying
the deviation of the irace portions and the veloc-
ity of the retrace portions of the cycles of the
saw-tooth wave developed by the generator §3 in
a predetermined sequence and at 2 predetermined
frequency, or in cycles having 2 period longer
than -the field-scanning frequency. In 2 pre-
ferred embodiment of the invention, the line
scanning may be accomplished by the application
of a saw-tooth current wave to the line-scanning
elements {la in conventional manner, at a fre-
quency which is a fractional multiple or aliquant
of the field frequency, for example, 13,230 cycles
per second or 220%; times the fiield frequency of
60, so that an odd number of half lines occurs
during each field cycle.

The patterns traced by the beam on the target
of the cathode-ray tube, as the result of its deflec-
tion by scanning elements f{¢ and b in the di-
rections normal to each other, are illustrated by
the curves D and E of Fig. 2 and the curve F of
Fig. 3, retrace portions.of the cycle being indi-
cated by the broken-line portions of the curves.
Only two complete lines of each frame are illus-
trated for the purpose of clarity, although actu-
ally 2 much larger number will, of course, be
traced. Curves D and E are positioned immedi-
ately below the portions of the combined wave
of curve C which correspond thereto in point of
time. Curve D represents lines of the first and
second fields of a frame cycle, the lines heing
numbered { and 2, respectively, the first lines of
these two fields starting at the points X1 and o,
respectively, and the last lines thereof terminat-
ing at the points ¥: and ¥, respectively, cor-
responding points being similarly indicated on
curve C. Due to the fact that the line-scenning
frequency is the proper fractional multiple of the
field frequency, the first field terminates in the
middle of its last line, as indicated, while the sec-
ond field starts in the middle of its first line, the
lines of the second frame falling between or inter-
lacing the lines of the first, as shown.

In ordinary interlaced scanning, at the ter-
mination of the second field the frame cycle
would be completed and the scanning of the next
succeeding frame cycle would start, being & repe-

2,208,520

tition of the first. In the present ssytem, how-
ever, due to the rectangular wave component in
the wave C, the third and fourth fields, as repre-
sented by curve E, are vertically displaced so that
lines of the third field fall between the lines of
the first and second fields and the lines of the
fourth field fall between those of the second and
first. As shown in the drawings, the third and
fourth fields initiate at the points X3 and Xs and
terminate at the points Yz and Y., corresponding
points being indicated on curve C. Curve F of
Fig. 3 represents a complete frame including four
successive fields, that is, curve D and curve E
superimposed, thus indicating the entire actus!
scanning pattern which is traced on the target of
the tube in one frame. The particular fields to
which the different lines belong are indicated at

‘the ends of the lines and it will be clear therefrom

that the vertical displacements of the fHelds of
the frame are in irregular sequence, thus avoiding
crawling effects noted above.

Thus the inferlaced scanning system described
comprises means for deflecting the ray to scan the
target of the tube 1 in a given direction includ-
ing the line-scanning element Iz and the line-
scanning generator {2 for generating a pericdic
saw-tooth wave of a predetermined line-scanning
frequency. The system also includes means for
deflecting the ray to scan the target in a second
direction normal to the given direction and in-
cluding a field-scanning element i i and a field-
scanning generator 13 for generating & periodic

saw-tooth wave of a predetermined field-scan- .

ning frequency related to the line-scanning fre-
quency. The cathode ray of tube [§, deflected as
thus described, is caused to trace a plurality of
fields of parallel lines on the target, while avoid-
ing the appearance of moving waves in the repro-
duced television image, by the frame-seanning
generator i4 and signal-combining amplifier §7,
which comprises means effective periodically to
modify the action of the last-named deflecting
means in cycles having a period at least four
times as long as that of the field-scanning fre-
quency to displace the fields in the second sec-
tion in irregular sequence. Specifically, the
frame-seanning generator f4 develops & rectan-
gular wave of a frequency preferably equal to one-
quarter the field-scanning frequency and of sn
amplitude preferably equal to one-half the field
line displacement, periodically to modify the am-
plitude of the wave generated thereby and the
velocity of retrace portions of successive Seld-
scanning cyeles, in cycles having & period four
times as long as, or a frequency one-fourth that
of, the field-scanning wave, to displace the fields
in the second scanning direction in irreguler se-
quence. This is facilitated by making the feld-
scanning  frequency such that the ratio of the
line-scanning frequency to the field-scanning
frequency is an inieger and 2 proper fraction.

While in the particular arrangement described
an irregular sequence of 1, 3, 2, 4 is obtaineg, it
will be apparent that, by simply adjusting the
rectangular wave-generating circuits so as to ef-
feet a 180-degree shift in the phase of the rec-
tangular wave supplied to the combining appara-
tus, a sequence of 1, 4, 3, 2 may he obtained.

It will be apparent that, in the particular ar-
rangement and with the frequencies noted,
frames of 882 lines may be obtained at & line
frequency of 13,230 cycles, the same frequency
by which, in ordinsry two field per frame inter-
laced scanning, frames of only 441 lines are
obtzinable. Such a large number of lines per
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frame may be overlapped, by proper adjustment
of the amplitude of the fleld-scanning wave
without undesirably altering the picture height
and with avoidance of flicker, while, as stated,
the interlacing in irregular sequence aveids
crawling effects.
tween the line and fleld frequencies may be uti-
lized. For example, frames of 450 lines at & Iine
frequency of only 6,750 per second may be had,
thereby
video-frequency band width, as explained above,
while obtaining a picture of substantially the
same definition as is obtained by ordinary inter-
laced scanning where twice this line frequency
is required to obtain 441 lnes per frame. If de-
sired, a combination of these two improved re-
sults may, of course, be obtained by properly
relating the line and field frequencies.

While in the above-described system a par-
ticular circuit arrangement in a cathode-ray
tube television system is disclosed for obtaining
the interlacing in a perticular irregular se-
quence, it will be readily appreciated by those
skilled in the art that applicant's novel method
of irregular interlacing may be practised by
various other circuit arrangements in various
other types of systems, including mechanical ar-
rangements where 2 light ray or beam is utilized
instead of cathode rays, and, also, that inter-

Jecing with other irregular sequences may be had.

Moreover, the combined saw-tooth rectangular
wave field scanning with the odd multiple rela-
tionship may also be utilized to obtain interlac-
ing of the regular sequence type. ‘

Thus, while there has been described what Is
st present considered to be the preferred.em-
bodiment of the invention, it will be apparent to
those skilled in the art that various changes and
modifieations mey be made therein without de-
parting from the invention, and it is, thefefore,
almed in the appended claims to cover all such
chenges end modifications as fall within the true
spirit ang scope of the invention.

WWhat is claimed is:

1. An interlaced scanning system for tele-
vision apparatus comprising means for deflecting
the rey to scan the target of the apparatus in
g given direction including means for generating
a perlodic saw-tooth wave of a predetermined
line-scanning frequency, means for deflecting
the ray to scan the terget in a second direction
normal to seld given direction including means
for generating a periodic saw-tooth wave of a
predetermined field-scanning frequency related
to said line-scanning freguency, and means for
tracing a plurality of fields of paraliel lines on
said terget while aveolding the appearance of
moving waves in the reproduced television image
comprising means for periodically modifying the
action of sald last-named deflecting means in
cycles having & period at least four times as long
as that of said fleld-scanning frequency to dis-
place said flelds in said second direction in ir-
regular seguence.

9. An interlaced scanning system for tele-
vision apparatus comprising means for deflect-
ing the ray to scan the target of the apparatus
in a given direction including means for gener-
ating a periodic saw-tooth wave of a predeter-
mined line-scanning frequency, means for de-
flecting the ray to scan the target in a second
direction normal to said given direction includ-
ing means for generating a periodic saw-tooth
wave of a predetermined fleld-scanning fre-
quency related to said line-scanning frequency

Obviously other relations be-.

substantially reducing the required -

S

each cycle of which comprises trace and retrace
portions, and means for tracing a plurality of
flelds of parallel lines on said target while avoid-
ing the appearance of moving waves in the re-
produced television image comprising means for
periodically modifying the amplitude of one por-
tion of successive field-scanning cycles in a pre-
determined sequence and at a predetermined
frequency not greater than one-fourth of said
fleld-scanning frequency to displace said flelds
in sald second direction in irregular sequence.

3. An interlaced scanning system for television
apparatus comprising means for deflecting the
ray to scan the target of the apparatus in a given
direction including means for generating a pe-
riodic saw-tooth wave of a predeterminetd line-
scanning frequency, means for deflecting the ray
to scan the target in & second direction normal
to said given direction including means for gen-
erating a periodic saw-tooth wave of a prede-
termined field-scanning frequency related to said
line-scanning frequency each cycle of which
comprises trace and retrace portions, and means
for tracing a plurality of flelds of parallel lines
on said target while avoiding the appearance
of moving waves in the reproduced television
image comprising means for periodically modi-
fying the velocity of the retrace portion of suc-
cessive fleld-scanning cycles in a predetermined
seqguence and at a predetermined frequency not
greater than one-fourth of said fleld-scanning
frequency to displace said flelds in said second
direction in irregular sequence.

4, An interlaced scanning system for television
apparatus comprising means for deflecting the
ray to scan the target of the apparatus in a
given direction including means for generating
a periodic saw-tooth wave of a predetermined
line-scanning frequency, means for deflecting
the ray to scan the target in a second direction
normal to sald given direction including means
for generating a periodic saw-tooth wave of a
predetermined fleld-scanning frequency related
to ssid line-scanning frequency, and means for
trecing & plurality of fields of parallel lines on
said target while avolding the appearance of
moving waves in the reproduced television image
comprising means for generating and combining
with said field-scanning wave an auxiliary pe-
riodic wave having a frequency not greater than
one-fourth sald fleld-scanning frequency, the
amplitude and frequencies of sald field-scanning
wave and szid suxiliary wave being proportioned
to_displace said flelds in said second direction in
irregular seguence.

5. An interlaced scanning system for television

.apparatus comprising means for deflecting the

ray to scan the target of the apparatus in a
given direction including means for generating
a periodic saw-tooth wave of a -predetermined
line-scanning frequency, means for deflecting
the ray to scan the target in a second direction
normal to sald given direction including means
for generating a periodic saw-tooth wave of a
predetermined field-scanning frequency such
that the ratio of said line-scanning Ifrequency to
said fleld-scanning frequency is an integer and a
proper fraction, and means for tracing a plurality
of flelds of parallel lines on said target while

.avoiding the appearance of moving waves in the

reproduced television image comprising means
for periodically modifying the action of said last-
named deflecting means in cycles having periods
at least four times those of said fleld-scanning
frequency so that groups of at least four suc-
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cessive fields are displaced in said second direc-
tion in irregular seguence.

. An interlaced scanning system for television
apparatus comprising meaps for defiecting the
ray to scan the targes of the apparstus in 2
given direciion including means for generating
a periodic saw-{ocoth wave of & predelermined
line-scanning ireguency, means for deflecting
the ray o scan the terzet in = sccond direction
normal $o sald given direction including means
for generating 2 pericdic saw-tooth wave of a
predetermined feld-sconning . {requency such
that the retio of sald lne-scanning uequency
to said field-scenning fregusncy is en infsger
gnd a2 proper fraction, and mesns for tracing 2
plurality of flelds of paraliel lines on said targei
while avoiding the appearance of moving waves
in ths reproduced television image comprising
means for periedically so modifying the a«.,tmn
of said last-named defleciing means in cycles
having pericds at least four-itimes those of sald
field-scanning freguency so thaet at lsast fouxr

successive fislds are displaced in said sscond di-

rection in irregular segusncs.

7. An interlaced scanning sysiem for television
apparatus comprising means for deflecting the
ray to scan the target of the apparatus in a
given direction including means for generating a
periodic saw-tcoth wave of a predetermined line-
scenning frequency, means for deflecting the ray
to scan the target in & second direction normal to
said given direction including means for generat-
ing & periodic saw-tooth wave of a predetermined

field-scanning frequency such that the ratic.

of said line-scanning frequency to said field-
scanning freguency is an integer and a proper
fraction, and means for iracing a plurality of
fields of parallel lines on said target while avoid-
ing the appearance of moving waves in the re-
produced telesivsion image comprising means
for generating and combining with said field-

- scanning wave an auxiliary periodic wave hav-

48

50

ing a fregquency not greater than one-fourth said
field-scanning  frequency, the amplitudes and
frequencies of said field-scanning wave and said
auxiliary: wave helng related to displace sald
fields in said second direction in irregular se-
guence.

8. An interlaced scanning system for television
apparatus comprising means for deflecting the
ray to scan the target of the apparatus in a
given direction including means for generating

_a.periodic saw-tooth wave of a predetermined

o
S

line-scanning fregquency, means for deflecting
the ray to scan the target in a second direction
normal to said given direction including means
for. generating a periodic saw-tooth wave of a

" predetermined field-scanning frequency related
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to said line-scanning frequency, and means for

tracing a plurality of flelds of parallel lines on

said target while avoidoing the appearance of
moving waves in the reproduced television image
comprising means for generating and combining
with said fleld-scanning wave an auxiliary pe-
riodic wave, the amplitude of said auxiliary wave
being a predetermined fraction of that of said
field-scanning saw-tooth wave and the frequency
of said auxiliary wave being a. predetermined
fraction not greater than one-fourth said field-

scanning frequency so that successive flelds are

displaced in said second direction in irregular
sequence, .

9. An interlaced scanning system for television
apparatus comprising means for defiecting the

ray to scan the target of the apparatus in & given.

2,%38,%3@

direction inciuding mesns for genersting a pe-
ricdic saw-tooth wave of g predetzrmined line-
scanning ireguency, means for deflecting the
ray to scan the target in & sscond direction nor-
mal to said given direclion Including mesns for
generating a periodic saw-tooth wave of & prede~
termined feld-scanning freguesncy such thet the

‘ratio of sald Hne-scanning freguency to said feld-

scanning freguency is en integer and 2 propsr
fraction, and means for fracing & pluralify of
fields of paralle] lines on s2id jarget while avoid-
ing the appearance of moving waves in the re-
produced television imsgze comprising mesns for
generating and combining with sald feld-scan-
ping wave an suxillary pericdic wave heving a
freguency not greater then one-fourth sald fsid-
scanning frequency, the amplitude and frequency

. of sald suxilary wave belng predeiermined frac-

tlons of thoss of seid ﬁeid-sﬁanmng saw-igoth
wave so that o pluralilty of successive fleids sve

gispleced In said sccond divection im irregular

seguence.

3i0. An interlaced scanning system for tele-
vision apparatus comprising meansg for defisch-
ing the ray tec scan the target of the apparatus

in & given direction inciuding meauns for generai-.

ing & periodic saw-tooth wave of a predeter-
mined iine-scanning frequency, means for de-
flecting the ray to scan the target in & second
direction normal to saild given direction inciud-
ing means for generating a periodic saw-tooih
wave of a predetermined ficld-scanning fre-

quency related to said lHne-scanning freguency,
and means for traclng a pluralily of fields 67
parallel lines on said target while avoiding the
appearance of moving waves in the reproduced
television image comprising means for generas-
ing and combining with said field-scanning wave
an auxiliary periodic wave of rectangular wave
form, the amplitudes of said fleld-scanning wave
and sald auxiliary wave being so related and the
Ifrequency of sald auxilinry wave being a pre-

determined fraction not greater than one-fourth -

said fleld-scanning frequency so that a pilurality
of successive flelds are displaced in sald second
direction in irregular sequence.

11. An interlaced scanning system -for tele-

visicn apparatus comprising means for deflect-
ing the ray to scan the target of the apparatus
in a given direction including means for generat-
ing a periodic saw-tooth wave of a predeter-
mined line-scanning frequency, means for de-
flecting the ray to scan the target in a second
direction normal to said given direction includ-
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ing means for generating a periodic saw-tooth &

wave of a predetermined fleld-scanning fre-
quency related to said line-scanning frequency,
and means for tracing a plurality of fields of

-parallel lines on sald target while avoiding the

appearance of moving waves in the reproduced
television image comprising means for generat-
ing and combining with said fleld-scanning wave
an auxiliary periodic wave of rectangular form
of a frequency equsl to one-quarter said fleld-
scanning frequency and of an amplitude corre-
sponding to one-half of the fleld line displace-
ment to displace said fields in sald second direc-
tion in irregular sequence.

12. A method of interlaced scanning for tele-
vision apparatus while avolding the appearanece
of undesirable moving waves in the reproduced
picture which comprises scanning a first field of
parallel lines on the target of the apparatus,
scanning a second field of parallel lines on said

target so displaced in & direction normel to said Bﬁ; ,
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Iines that n.aes of sald second field are traced
between lines of sald first field, scanning a third
field of parallel lines on said target so displaced
in said direction that the lines thereof are traced
between lines of said first and second fields, and
scanning 2 fourth field of parallel lines on said
target so displaced in said direction that lines
thereof are traced between lines of sald second
and first fields in the sequence 1, 3, 2, 4.

13. A method of interlaced scenuing for cath-
ode-ray tube apparatus while avoiding the ap-
pearance of undesirable moving waves in the
reproduced picture which comprises generating a
periodic ray-deflecting fleld of saw-tooth wave
form and of line~scanning frequency for scan-
ning the target of the tube in a given direction,
genérating a periodic ray-defiecting field of saw-
tooth wave form and of a predetermined field-
scanning frequency related to said line-scanning
frequency and comprising trace and retrace por-
tions for scanning the target of the tube in a
second direction normal to said given direction
and periodically modifying the amplitude of one
portion of successive field-scanning cycles in a
predetermined sequence and at a predetermined
frequency not greater than one-fourth seid

4

field-scanning frequency, thereby to trace a
plurality of successive flelds of parallel lines on
said target in interlaced relation and displaced in
said second direction in irregular sequence.

14. A method of interlaced scanning for cath-
ode-ray tube apparatus while avoiding the ap-
pearance of undesirable moving waves in the
reproduced picture which comprises generating
a periodic ray-deflecting field of saw-tooth wave
form and of line-scanning frequency, for scan-
ning the target of the tube in a given direction,
genergting a periodic ray-deflecting field of saw-
tooth wave form and of a predetermined field-
scanning frequency related to said line-scanning
frequency and comprising trace and retrace por-
tions for scanning the target of the tube in a
second direction normal to said given direction
and periodically modifying the velocity of the
retrace portion of successive field-scanning cycles
in a predetermined sequence and at a predeter-
mined frequency not greater than one-fourth
said fleld-scanning frequency, thereby to trace
a plurality of successive flelds of parallel lines on
said target in interlaced relation and displaced in
said second direction in irregular sequence.
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