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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 scanning of 
the interlaced type. - 
Warious 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 beam, as, for example, the cathode ray 
Where television cathode-ray tubes are employed, 
is deflected in two directions normal to each 
other, so as to trace upon the target of the ap 
paratus Series of parallel lines, usually horizontal, 
forming successive fields. In conventional in 
terlaced Scanning, the field frequency is a frac 
tional Inuitiple of the line frequency so that the 
lines of one field interiace or falli between the lines 
of a preceding field, 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 multiple of the number of lines of a 
single field and as though the frame frequency 
Were equal to the field frequency. 
The number of lines in each frame determines 

the resolution obtainable in a vertical direction, 
that is, the number of picture elements or war 
iations in light intensity from top to bottom of 
the image, w?aich may be transmitted or repro 
duced. Preferably, the resolution 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 
inage 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 Salae, 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 band can correspond 
ingly be reduced without impairing the picture 
definition, or if With the Sane number of lines 
per second, the effect of a greater number can 
be obtained, as by ingreasing the number of fields 
per frame, the picture definition can be improved 
without increasing the required video-frequency 
band. Ir the single field per frame type of Scan 
ning originally proposed, a minimum of 40 fields 
per second is required in order to avoid flicker, 
60 fields per second being preferable; as men 
tioned above, in interaced Scanning several fields 

(C. 178—7.7) 
appear as a single frame, so that the number of 
fields requiredi per second is the same as the num 
ber of frames per secondi originally required. 
Hence, either the required video-frequency band 
for a given picture definition may be reduced, or 5 
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 interlaced G 

Scanning, as briefly described above, achieves 
these desirable results to a certain degree over 
the single field per frame type of scanning orig 
inally employed. Warious modifiedforns of nu 
tiple interlaced scanning systems have also here- RE 
tofore been proposed to increase the degree of 
improvement over the single field scanning. 
However, certain difficities are presented when 

' it is attempted to interlace more thar two fields 
per frame, among which are included the phe- ge 
nomenon known as "crawling,' that is, the ap 
pearance of moving Waves in the repredeced pic 
tures toward the top or botton of the picture 
When the lines of the severali fields of each frane 
follow each other in consecutive order. 

It is an object of the present invention, there 
fore, to provide a novel and inproved type of 
interiaced Scanning for television systerns. 

It is a further object of the invention to pro 
vide a scanning system of the character diescribed, g 
Whereby there may be tilized a reduced wideo 
frequency bandi Without impairment of definition, 
Or an improved definition may be procured for 
a given video-frequency band, or both, without 
crawling or flicker. 
In accordance with the present invention, there 

is provided an interlaced Scanning system for 
television or similar apparatus which may con 
prise either cathode-ray tubes, or mechanical 
signal-generating or receiving devices employing ?? 
either cathode rays, light beans, or other equiva 
lent means in connection therewith. The appa 
ratus comprises means for defecting the ray to 
scan the target in a given direction including 
means for generating a periodic saw-tooth wave is 
of a predetermined line-scanning frequency. The 
system also comprises Eneans for defecting the 
ray to scan the target in a Second direction aor 
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mal to the given direction including means for 
generating a periodic saw-tooth wave of a pre- sb 
determined field-Scanning fregency related to 
the line-scanning frequency. Means are further 
provided for tracing a plurality offields of par 
allel lines on the target while avoiding the ap 
pearance of moving waves in the reproduced tele- gs 
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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 field-scan 
ning frequency to displace the field in the second 
direction in irregular sequence. In other words, 
the lines of one field are traced between corre 
Sponding lines of preceding fields and the field 
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 ficker occurring at the field frequency. 
Hence, either the number of lines per second, and, 
therefore, the required video-frequency band, may 
be substantially reduced without impairing the 
definition, or the same number of lines per second 
3 may be used with no increase in the video-fre 
quency band, to provide substantially improved 
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definition, or a combination of both of these two 
desirable results may be obtained. Flicker and 
similar defects may be overcome by closely spac 
ing or overlapping the lines of the fields of each 
fraine and this may be done in the present sys 
ten without reducing the picture height since a 
Substantially increased number of lines per frame 
Inay be used without increasing the video-fre 
quency band Width. 

In accordance with one embodiment of the 
present invention, the frame-frequency deflect 
ing ineans is arranged to defect the ray with 
ivo defection components at predetermined dif 
ferent amplitudes and frequencies. One com 
ponent, the field frequency, Imay, for example, 
be of the usual saw-tooth form at quadruple the 
desired frame frequency, while the other com 
Ponent is of rectangular wave form having ara 
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 frane frequency. The fire 
g2ency of the line-frequency defiecting means is 
preferably a fractionai multiple or aliquant of 
the field frequency so that, with this arrange 
thent, each frariae includes four fields and the 
sequence of their vertical displacement or inter 
lace is i, 3, 2, 4. 

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

: thereof, reference is had to the following de 
Scription taken in connectiora With fe acco 
paying drawings and its Scope Wii be pointed 
cit in the appended claims. 

in the accompanying drawings, Fig. is a 
diagram of a complete cathode-ray tube tele 
Yision-transmitting Systern, partially schematic, 
including a scanning system embodying the pres 
ent invention, while Figs. 2 and 3 are groups 
of curves illustrating the current or voltage wave 
forms developed at various parts of the system 
of Fig. 1 and the scanning paths traced by the 
bean on the cathode-ray the 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 systern there ilius 
trated comprises a cathode-ray signal-generat 
ing tube and camera device of conventional de 
sign indicated generally at ?ig, including a Sig 
inal-generating tube having the usual electrora 
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gun, photosensitive target, and line- and field 
scanning elements fla and b, 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 2, a saw-tooth field 
scanning wave generator 3, and a rectangular 
impulse frame-scanning wave generator f4. 
The output circuit of the line-scanning gener 
ator f2 is connected directly to the line-Scanning 
elements a of the cathode-ray tube , while 
the output circuits of the field-scanning gener 
ator 3 and rectangular Wave generator 4 are 
coupled to the frame-scanning elements lib, by 
way of suitable signal-combining apparatus f. 

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 f0, there is 
provided a pedestal impulse generator 5 having 
an output circuit coupled to the control grid of . 
the signal-generating tube f. A synchronizing 
impulse generator 6 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 generators 2-f 6, 
inclusive, there is provided a tinhing-impulse 
generator 8, the output circuits of which are 
connected to the generators 2-6, inclusive, 
as shown. Preferably, the pedestal- and Syn 
chronizing-impulse generators are also Suitably 
coupled, as shown, to ensure synchronism of the 
operations. 
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A modulation-frequency amplifier 9 is coupled 
to the output circuits of the cathode-ray signal 
generator tube 0, the pedestal generator 5, and 
the synchronizing-impulse generator 6. Con 
nected in cascade to the output circuit of the 
amplifier 9, in the order named, are a modul 
lator 2 provided with a local oscillator 2, as 
shown, a power amplifier 22, and an antenna 
systema 23, 248, ali accordiing to conventional prac 
tice. 

Neglecting for the moment the details of the 
structure and operation of the scanning appa 
ratus 42-8, inclusive, per se, the System justi 
described constitutes a television-transmitting 
system of conventional design, those parts of the 
system illustrated schematically being of any 
well-known suitable constructioF) so that a de 
tailed description of the Systern and its 
operation is unnecessary herein. Briefly, how 
ever, the image of a scene to be transmitted 
is focused on the target of the tube f, in which 
a cathode ray or beam is developed accelerated, 
and focused upon the target. Scanning or de 
fiecting currents developed by the generators 2, 
3, and 4 are applied to the scanning coils of 
the signal-generating tube to provide magnetic 
fields which serve to deflect the ray So as to Scan 
successive series of parallel lines on the target. 
Pedestal impulses developed by the generator 5 
are applied to the control electrode of the tube f 
to suppress or block-out the beam during the 
retrace portions of the scanning cycles and are 
applied to the modulation-frequency amplifier 9 
to suppress undesirable impulses developed in 
the systern 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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affected to an extent dependent upon the vary 
ing values of fight and shade at corresponding in 
cremental areas of iraages focused thereon as the 
cathode ray passes over the target a voltage of 
correspondingly Waying anaplitude is developed 
in the ottput circuit of the signal-generating 
tube f and applied to the amplifier 9. Syn 
chronizing inaptises developed by the generator 
6 are applied to the amplifier 9 and to the 

pedesta generator f5 to lock the latter in syn 
chronism. The proper timing or synchronizing 
impulses developed by the tier 8 are applied 
to the generators 2-5 inclusive to maintain 
these generators in synchronism with either a 
Inaster frequency in the case of direct camera 
shots, or the Enowing-picture camera in the case. 
Where sic p?lectres are eing transmitted. The 
various modulation-signal components applied to 
the amplifier 9 are properly combined and am 
pified therein and, in tra, are supplied to the 
nodulator 2, wherein they are in presed upon 
the carrier Wave generated by the oscillator 2. 
The restaliant. Enkodilated-carrier signa is de 
livered to the power arraplifier 22 for amplifica 
tion and is theretapon in pressed upon the all 
teina System 23, 2 for radiation. 

Corning Enow to that part of the system embody 
ing the present investion, the scanning wave 
generating apparatts coaprises the line-Scan 
ning generator 2 which, as stated above, may 
be of conventional design and adaptes to develop 
a saw-tooth current wave of line-Scanning fre 
quency which is applied to the line-Scanning elle 
ments ifa of the cathode-ray tube f. 

The field-scalaig generator 3 may include 
a conventional relaxation oscillator which con 
prises a condenser 5 having a charging - circuit 
including a sorce of direct current, Such as a 
battery 26 preferably grounded at its negative 
terminal, a resistor 2, and the space current 
path of a vacuatan abe 28. A discharge circuit 
comprising an adistable resistor 29 is connected 
across the codeser for discharging the Sane at 
a predeterrained 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 contro grid of the regenerating 
tube 36 is coElected iy way of a suitable coupling 
condienser 3 f arid eak resistor 32 to the anode 
of the charging the 28. A buffer amplifier tube 
33 is preferably interposed between the relaxa 
tion oscillator and the impulse generator 8, its 
control grid ceing copied to the latter by Way 
of a suitable cogging condierser 38 and leak re 
sistor 35. Operating potential is applied to the 
arodies of the tighes S. and 33 from a suitable 
source, such as a battery 35, by way of a corn 
nom load resistor 3F. 

The generator Sé a gay be of substantially the 
Same design ES generator 3 and a detailed 
description hereof is, therefore, unnecessary. 
2r2 time diravivings, ?ine elements of the generator 84 
aire desight:aftedi by the Sare reference Enumerals 
as applied to correspoxiding elements of the gen 
erator i 3. With the added appendix “a.” In the 
generator Sá, a resistor 52 is included in series 
with the rain condenser 25.a for developing an 
output woitage of the desired wave fornia. 

For the purpose of combining the voltages de 
veloped by the generator 3 and f4, there is 
provided the signai-Corratsiraing apparatus, indi 
cated gezierary &: , CC2 grising is gut, tubes 33 
and 3§ ar:ä a: Sig 

33 is gotiplet? 2Grass he condei.Se 

e 
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25 of the generator 3 by Way of a voltage divider 
resistor 5 and coupling condenser 42, while the 
control grid of the tube 39 is coupled by way of 
a Suitable leak resistor 3 and condenser 44 across 
the output resistor 52 of the generator 5. The 
control grid of the tube 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 fib by way of a suitable 
coupling condenser 8. Bias resistors 48 and by 
pass condensers 49 are included in the cathode 
circuits of the tubes 38, 39, and 40. Anode po 
tential is supplied to the tubes 38 and 39 by way 
of suitable load resistors 50 and 5, the latter 
being an adjustable. voltage divider. resistor, as 
shown. Anode potential for the tube 40 may be 
supplied from a 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 26, 
by way of the resistor 2 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 a 
Synchronizing inpulse to its control grid from 
the impulse generator 8, to break down the 
tube 28 and initiate a charging action. This ini 
tial Surge of charging current develops a voltage 
impulse across the resistor 2 which is impressed 
negativeliy by way of the condenser 3 í upon the 
Control grid of the regenerating tube 30, 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 to the grid of 
the tube 38 by way of the coupling condenser 42 
and Voltage divider resistor . 
The Operation of the generator 4 is substan 

tially the Sane as that of the generator 3 so 
that a detailed explanation thereof is unnecessary. 
The voltage across the condenser 25a is of equal 
slope Saw-tooth wave form and the current, 
through this condenser is the first derivative 
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thereof, 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 control grid of the tube 39 by way 
of the coupling condenser 8 and resistor $3. 

fhe output saw-tooth and rectangular voltages 
are amplified by the titles 38 and 39 and applied 
by way of the resistors 5 and 5?, respectively, 
condensers & 6 and resistor $5 to the control grid 
of the tube 3. The tube 39 is preferably So biased 
as to operate beyond cutoff, thereby to ensure 
fiat-topped rectanguiar voltage waves in its Out 
put circuit. The corbined amplified current 
wave developed in the anode circuit of tube G.C. is 
applied by way of the coupling condenser (if to 
the scanning elements or Windings í í ö of the 
cathode-ray tube . 
The relative amplitudes of the Voltages Supplied 

from the generators 3 and é may be readily ad 
justed by adjustment of the voltage divider re 
sistors is and 5, while the amplitude of the 
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circuit of the tube 40 may be determined by ad 
justment 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 3, 4 and the combin 
ing apparatus f, respectively, the abScissae rep 
resenting time and the ordinates amplitude. The 
saw-tooth voltage 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 frequency, 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 corn 
ponents at their respective frequencies, this rep 
resenting the current applied to the frame-Scan 
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 trace 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 a predetermined 
frequency, or in cycles having a period longer 
than the field-Scanning frequency. In 3 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 a 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 220A times the field frequency of 
60, so that an odd number of half lines occurs during each field cycle. 
The patterns traced by the bean on the target 

of the Cathode-ray tube, as the rest of its defec 
tion by scanning elements fat and b in the di 
rections normal to each other, are ilustrated 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 a much larger number will, of course, he 
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 being 
numbered and 2, respectively, the first lines of 
these two fields starting at the points X aid X2, 
respectively, and the last lines thereof terminat 
ing at the points Yi and Y2, respectively, cor 
responding points being similarly indicated on 
Curve C. Due to the fact that the line-Scanning 
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 star, being a rege 
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tition of the first. In the present ssyten, how 
ever, due to the rectangular wave component is 
the Wave C, the third and fourth fields, as repre 
sented by curve, 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 X and 
terminate at the points Ya and Y, corresponding 
points being indicated on curve C. Curve F of 
Fig. 3 represents a complete frame including for 
Successive fields, that is, curve D and curve 3 
Superimposed, thus indicating the entire actual 
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 therefron 
that the vertical displacements of the fields of 
the frame are in irregular sequence, thus avoiding 
crawling effects noted above. 
Thus the interlaced scanning system described 

comprises means for deflecting the ray to scan the 
target of the tube in a given direction includ 
ing the line-scanning element fa and the line 
Scanning generator 2 for generating a periodic 
saw-tooth Wave of a predetermined line-Scanning 
frequency. The System also includes means for 
deflecting the ray to scan the target in a secondi 
direction normal to the given direction and ill 
cluding a field-scanning element fib and a field 
Scanning generator 3 for generating a periodic 
saw-tooth wave of a predetermined field-Scan 
ning frequency related to the line-scanning fre 
quency. The cathode ray of tube f, deflected as 
t?RuS 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-scanning 
generator f4 and signal-combining amplifier , 
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-scanning generator f4 develops a rectar 
gular Wave of a frequency preferably equal to one 
quarter the field-scanning frequency and of a 
amplitude preferably equal to one-half the field 
line displacement, periodically to modify the arra 
plitude of the wave generated thereby and the 
Welocity of retrace portions of successive field 
Scanning cycles, in cycles having a period four 
times as long as, or a frequency one-fourth that 
of, the field-scanning Wave, to displace the fields 
in the Secondi scanning direction in irregular Se 
quence. This is facilitated by making the field 
scanning frequency such that the ratio of the 
line-Scanning frequency to the field-Scanning 6 
frequency is an integer and a proper fraction. 
While in the particular arrangement described 

an irregular sequence of , 3, 2, 4 is obtained, it 
Will be apparent that, by simply adjusting the 
rectangular wave-generating circuits so as to ef 
fect a 180-degree shift in the phase of the rec 
tangular wave supplied to the combining appara 
tus, a sequence of i, 4, 3, 2 maybe obtained. 

it Will be apparent that, in the particular ar 
rangement and with the frequencies noted, 
frames of 882 lines may be obtained at a line 
frequency of 3,230 cycles, the same frequency 
by which, in ordinary two field per frame inter 
?aced scanning, fra fines of only 44 i lines are 
obtaignable. 
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frame may be overlapped, by proper adjustment 
of the amplitude of the field-scanning Wave 
without undesirably altering the picture height 
and with avoidance of ficker, while, as stated, 
the interlacing in irregular Sequence avoids 
crawling effects. 
tween the line and field frequencies may be uti 
lized. For example, frames of 450 lines at a line 
frequency of only 6,750 per second may be had, 
thereby substantially reducing the required 
video-frequency band width, as explained above, 
while obtaining a picture of Substantially the 
same definition as is obtained by Ordinary inter 
aced scanning where twice this line frequency 
is required to obtain 441 ines per frame. If de 
sired, a combination of these two improved re 
suits may, of course, be obtained by properly 
relating the line and field frequencies. 
While in the above-described Systern 8 par 

ticular circuit arrangement in a cathode-ray 
tube television system is disclosed for obtaining 
the interlacing in a particular 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 a light ray or beam is utilized 
instead of cathode rays, and, also, that inter 
acing with other irregular sequences may be had. 
Moreover, the combined saw-tooth rectangular 
Wyaye fe?i scanning with the odid multiple rela 
tionship may also be utilized to obtain interlac 
ing of the regular sequence type. 
Thus, while there has been described what is 

et present considered to be the preferred. en 
bodiment of the invention, it will be apparent to 
those skiied in the art that various changes and 
modifications may be made therein without de 
parting from the invention, and it is, therefore, 
ained ºn the appended clais to cover all such 
changes and modifications as fall within the true 
spirit and scope of the invention. 
What is claimed is: 
1. An interlaced scanning Systein for tele 

vision apparatus comprising means for defecting 
the ray to scan the target of the apparatus in 
a given direction including neans for generating 
a periodic saw-tooth wave of a predetermined 
line-scanning frequency, means for defecting 
the ray to scars the target in a second direction 
normal to said given direction including means 
for generating a periodic saw-toot. Wave of a 
predetermined field-scanning frequency related 
to said line-scanning frequency, and means for 
tracing a plurality of fields of parallel lines on 
said target while avoiding the appearance of 
moving waves in the reproduced television image 
comprising means for periodically nodifying the 
action of said last-named defecting means in 
cycles having a period at least four times as long 
as that of said field-scanning frequency to dis 
place said fields in said second direction in ir 
regular sequence. 

2. 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 
fiecting 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 field-scariring fre 
quency related to said line-Scanning frequency 

Obviously other relations be- . 

each cycle of which comprises trace and retrace 
portions, and means for tracing a plurality of 
fields 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 
field-scanning frequency to displace said fields 
in said 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 a 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 fields 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 field-scanning cycles in a predetermined 
Sequence and at a predetermined frequency not 
greater than one-fourth of saidi field-scanning 
frequency to displace said fields 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 said given direction including means 
for generating a periodic saw-tooth Wave of a 
predetermined field-scanning frequency related 
to said line-scanning frequency, and means for 
tracing a plurality of fields of parallel lines on 
said target while avoiding 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 said field-scanning frequency, the 
amplitude and frequencies of said field-scanning 
wave and said auxiliary wave being proportioned 
to displace said fields in said second direction in 
irregular sequence. 

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 said 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 frequency to 
said field-scanning frequency is an integer and a 
proper fraction, and means for tracing a plurality 
of fields 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 defecting means in cycles having periods 
at least four times those of Said field-Scanning 
frequency so that groups of at least four Suc 
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cessive felds are displaced in S2id Secondi direca 
tion in irregular Sequence. 

6. An interiaeed scanning systein for television 
apparatus comprising means for defecting the 
ray to scan the targei, o the apparatus in a 
giyen direction inciuding means for generating 
a periodic say-tooth Yyave of 3 predeterrained 
line-scanaing frequency, near as for defecting 
the ray to scar the target in 2 secondi direction 
normal to said given direction inclusing naans 
for generating a periodic Say-tooth Waye (ef a 
predetermizaed field-scsanlag requeacy Stich 
that titae gratio of said She-Scanning frequiegacy 
to said feif-scanaing freguacacy is aza inieger 
and a proper fraction, and Gaea's for traciag a 
plurality of fields of parallei lines a said taigai 
while avoiding the appearaznce of rinovig Waves 
in the reproduced television irriage consising 
rimeatas for geriodicaii y so in C?ii?iyirag ?ine a&3žiaoR3 
of said last-xhamed defac?ing 51a2ans i23 cycles 
haying periods at least 2cur-times those of Said 
field-scanening i reguancy so that at least folur 
Successive fields are displaced in Saidi secondi di 
rection in irregular seguez C9. 

7. An interlaced scanning system ?tor television 
aipparatis comprising raeans for defecting the 
ray to scan the target of the apparatus in a 
given direction including means for generating a 
periodic saw-tooth wave of a predeternished line 
scanning frequency, means for deflecting the ray 
to scan the target in a second direction normal to 
said given direction including means for generat 
ing a periodic saw-tooth wave of a predetermined 
field-scanning frequency such that the ratio. 
of said line-scanning frequency to said field 
scanning frequency is an integer and a proper 
fraction, and means for tracing a plurality of 
fields of parale lines on said target while avoid 
ing the appearance of moving Waves in the re 
produced telesivision image comprising means 
for generating and combining with said field 
scanning wave an auxiliary periodic wave hav 
ing a frequency not greater than one-fourth said 
field-scanning frequency, the amplitudes and 
frequencies of said field-scanning wave and said 
auxiliary waye being related to displace said 
fields in said second directiona in irregular Se 
quence. - 

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 
line-scanning frequency, 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 
to said line-Scanning frequency, and neans for 
tracing a plurality of fields 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 field-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 fields are 
displaced in said second direction in irregular 
Sequence. 

9. 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 genaerating a pe 
riodic saY7-tooth Wave of 3 predetermized line 
Scanning frequea?y, aeans for detecting the 
ray to Scar the target in a second directioz ore 
Kaal to saidigvan direction cafrºg mesºns for 
generating a pagiodic satay-tootia waye of a prede 
termied Field-SCSLining regieacy Stich hat, te 
ratio of said irae-scalaning frequency to said ed 
scanning frequency is an iateger ad a proger 
fractioxa, aradº meg:ns fos' tracing & pluraliºgy of 
fields of parallel ties or said target while avoid 
ing the appearance of inoving waves in the re 
produced teleyi,sio irage conprisag negas for 
generating and comioihirag ªyisin si feid-sca 
hing Wave an auxiliary periodic Wye sying g, 
frequency Inot greater a one-four saidi feid 
scaranigag freqcienc3y, time &mšcili?ildse gagaiši frequia??633y 

tions of those of saidi fed-staižaining savy-itlota 
Wave so that a piality of Sacce:give fields are 
täisglaced ia saiä secoa täraction iä isragaalar 
seguence. 

it. An interlaced scsailing syster for taile 
vision apparats capiszag seases for disefect 
ing the ray to Scan te target of te pp. S’as 
in a giver direction incialding rea:as for generate. 
ing a periodic Saw-tooth Wave of a predeter 
mined line-scanning frequency, Kneans for de 
flecting the ray to scan the target in a Second 
direction normal to said given direction includi- : 
ing means for generating a periodic savy-tooth 
wave of a predetermined field-scanning fre 
quency related to said line-scanning frequency, 
and means for tracing a plurality of fields of 
parallel lines on said target while avoiding the 
appearance of moving waves in the reproduced 
television image comprising means for generat 
ing and combining with said field-scanning waye 
an auxiliary periodic Wave of rectatingular wave 
form, the amplitudes of said field-scanning wave 
and said auxiliary Waye being so related and the 
frequency of said auxiliary wave being a pre 
determined fraction not greater than one-forth - 
said field-scanning frequency so that a plurality 
of successive fields are displaced in said second 
direction in irregular sequence. 

11. An interlaced scanning system for tele 
vision apparatus comprising means for defect 
ing the ray to scara 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 scala the target in a second 
direction normal to said given direction includ 
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ing means for generating a periodie saw-tooth 3 
wave of a predetermined field-scanning fre 
quency related to said line-scanning frequency, 
and means for tracing a plurality of fields of 
parallel lines on Sadd target while avoiding the 
appearance of moving waves in the reproduced 
television image comprising means for generat 
ing and combining with Said feld-scanning Wave 
an auxiliary periodic wave of rectangular form 
of a frequency equal to one-quarter said field 
scanning frequency and of an amplitude corre 
sponding to one-half of the field line displace 
ment to displace said fields in said second direc 
tion in irregular sequence. 

12. A method of interlaced scanning for tele 
vision apparatus while avoiding 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 a direction normal to said 
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lines that thes of said second field are traced 
between lines of said 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 ars, and second fields, and 
scanning a fourth field of parallel lines on said 
target so displaced in said direction that lines 
thereof are traced between lines of Said second 
and first fields in the sequence , 3, 2, 4. 

3. A nethod of interaced scanning for cath 
ode-ray tube apparats while avoiding the ap 
pearance of desirable moving waves in the 
reproduced picture which comprises generating a 
periodic ray-defecting field of saw-tooth wave 
for in and of line-Scanning frequency for Scan 
ning the target of the tube in a given direction, 
genérating a periodic ray-deflecting field of savy 
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 mot greater than one-fourth said 

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

4. 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, 
generating 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 field-scanning frequency, thereby to trace 
a plurality of successive fields of parallel lines on 
said target in interlaced relation and displaced in 
said second direction in irregular Sequence. w 
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