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UNITED STATES PATENT OFFICE 
2,293,147 

TELEVISION SYSTEM 

Ray D. Kell, Haddonfield, and Alda W. Bedford, 
Collingswood, N.J., assignors to Radio Corpora 
tion of America, a corporation of Delaware ". 

Application March 26, 1935, serial No. 13,022 
(C. 178-68) 6 Claims. 

Our invention relates to television systems and 
particularly to systems employing interlaced 
scanning. . . . . 
Various methods and systems have been pro 

posed for causing the scanning lines of one pic 
ture frame to fall between the scanning lines of 
a preceding picture frame to produce what is 
referred to as interlaced scanning and thereby 
to improve the quality of the received picture. 
In one of these systems the interlacing is ob 
tained by so selecting the frequency of the verti 
cal deflecting impulses and the frequency of the 
horizontal scanning impulses that the first fre 
quency goes into the second frequency an even 
number of times plus one-half. This method of 
interlacing, which is referred to as the "odd line' 
method, is fairly satisfactory, but it has certain 
disadvantages. 
In other systems for interlaced scanning, the 

vertical deflecting frequency goes into the hori 
zontal deflecting frequency a whole number of 
times, this being referred to as the "even line' 
method of interlacing. - 
An object of our invention is to provide an 

improved method of and means for producing 
interlaced scanning in a television system. 
A further object of our invention is to provide 

an improved method of and means for produc 
ing interlaced scanning by the so-called "even 
line' method. 
A further object of our invention is to provide 

a television system in which interlacing is ob 
tained by the "even line' method with the mini 
mum number of mechanical moving parts. 
A still further object of our invention is to 

produce, without the use of any mechanical 
switching, vertical deflecting impulses charac 
terized in that each impulse differs slightly from 
the preceding impulse, alternate impulses being 
identical, whereby the scanning lines of alter 
nate picture frames interlace. 
In one of the preferred embodiments of our 

invention the television transmitter includes a 
cathode ray transmitters-tube having deflecting 
devices for deflecting the cathode ray vertically 
at a comparatively low frequency and horizon 
tally at a comparatively high frequency for scan 
ning a light sensitive surface. The deflecting 
devices are supplied with electric impulses hav 
ing a saw-tooth wave form, the horizontal de 
flecting impulses being produced by apparatus 
well known in the art, and the vertical deflect 
ing impulses being produced by a circuit em 
bodying our invention. 

5 

0. 

5 

20 

25 

35 

40 

45 

50 

the vertical deflecting circuit, preferably in 
cludes a condenser which is slowly charged 
through a resistor and then suddenly discharged 
through an electric discharge tube for the pur 
pose of producing a saw-tooth wave. The peri 
odic discharge of the condenser may be caused 
by impulses supplied from an Oscillator which 
is driven in synchronism with impulses from an 
impulse generator supplying Synchronizing in 
pulses both to the transmitter and to the re 
ceiver. 
The impulse generator supplies both horizon 

tal synchronizing impulses and vertical Synchro 
nizing impulses, the first impulses OCCurring at 
the comparatively high horizontal deflecting fre 
quency and the other occurring at the compara 
tively low vertical deflecting frequency. In ac 
COrdance With One embodiment Of my invention, 
successive vertical synchronizing impulses are 
unlike in wave form. The vertical synchroniz 
ing impulses are utilized not only for the purpose 
of holding the oscillator in synchronism but they 
are also utilized for the purpose of controlling 
the impedance of the discharge tube during the 
period that the condenser is discharging. By 
giving alternate vertical synchronizing impulses 
different wave forms, the impedance of the dis 
charge tube is caused to vary for alternate pic 
ture frames whereby the scanning lines of One 
picture frame are displaced with respect to the 
Scanning lines of the preceding picture frame 
to produce interlaced scanning. 
The impulses produced by the impulse gener 

ator are transmitted to the receiver together 
with the picture signals, as described in British 
Patent 407,409, and the vertical and horizontal Synchronizing impulses separated from each 
other by means of filter circuits. The deflecting 
circuits at the receiver preferably are the same 
as those at the transmitter whereby interlaced 
scanning is produced on the fluorescent screen 
of a cathode ray receiver tube, this scanning 
Corresponding to that at the transmitter. 
Other objects, features and advantages of our 

invention will appear from the following descrip 
tion taken in connection with the accompany 
ing drawings, in which: m 

Figure 1 is a circuit diagram of a television 
transmitter embodying our invention; 

Fig. 2 is a fragmentary view of a disc which 
may be employed in the impulse generator shown 
in Fig. 1; 

Figs. 3, 4, 5, 6 and 6a are curves which are re 
The latter circuit, which will be referred to as 55 ferred to in explaining our invention; 



2 
Fig. 7 is a circuit diagram of another embodi 

ment of our invention; and 
Figs, 8 to 11 are curves which are referred to 

in explaining our invention. 
Referring to Fig. 1, the television transmitter 

includes a cathode ray transmitter tube of a 
well known type which comprises an electron 
gun 2, a second anode 3 and a mosaic of light 
sensitive elements upon which is formed an im 
age of the picture to be transmitted. Wertical 
deflecting coils 6 and horizontal deflecting coils 
7 are provided for the purpose of causing the 
cathode ray to scan the mosaic 4 whereby pic 
ture signals are caused to flow through an out 
put resistor 8. These picture, signals are in 
pressed upon an amplifier 9, where they are 
amplified and mixed with synchronizing in 
pulses supplied from the impulse generator if, 
and the combined picture and synchronizing sig 
nals are then supplied to a radio transmitter ?2 
for transmission to the receiver. 
Saw-tooth current impulses are supplied to the 

deflecting coils 7 and 6 from a horizontal deflect 
ing circuit 3 and a vertical deflecting circuit 
4, respectively. In a preferred embodiment, the 

vertical deflecting circuit includes a blocking os 
cillator 5 such as described in British Patent 
402,629 which comprises an electric discharge 
tube 6 having a plate circuit which is coupled 
to the grid circuit through a transformer 7. 
The grid circuit of the tube 6 includes a grid 
condenser 8 connected in series with the sec 
ondary of the transformer 7 and a resistor 9 
in a filter circuit 2 f which will be referred to 
hereinafter. The grid circuit also includes a grid 
resistor 22 through which the grid condenser 8 
discharges periodically. 
As described in the above mentioned British 

patent, a blocking oscillator such as oscillator 5 
oscillates freely at a frequency determined large 
ly by the values of the grid condenser 8 and 
grid resistor 22. The Oscillations consist of a flow 
of plate current which charges the grid con 
denser f8 through the transformer 7 to a value 
such as to block the tube 6, after which the 
condenser 8 discharges through the resistor 22 
to unblock the tube and permit the action to be 
repeated. Oscillators of other types, such as a 
dynatron, may be substituted for the blocking 
oscillator, if desired. 
Saw-tooth waves are produced in a circuit 

which includes a condenser 23 and a resistor 24 
having high impedance through which the con 
denser 23 is charged by means of a 'B' battery 
or other suitable source of voltage. In order to 
add an impulse component to the saw-tooth wave 
a resistor 26 is connected in Series with the con 
denser 23. 
An electric discharge tube 27, which may be of 

the three element type, is connected with its 
plate circuit in shunt to the condenser 23 and 
peaking resistor 26 whereby the condenser 23 
may be discharged therethrough by lowering the 
plate impedance of the tube 27. The tube 27 in 
cludes a cathode 28, a control grid 29 and a plate 
3f, the plate 3 being connected to the junction 
point of the condenser 23 and the resistor 24, 
and the Cathode 28 being connected to ground 
through a conductor 32 and a resistor 33 which 
is included in the cathode lead of a tube 34 to 
be described later. The control grid 29 is con 
nected to ground through a grid resistor 36 and is 
maintained normally at a high negative poten 
tial by means of the flow. of grid current produced 
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2,293,147 
when the positive impulses from the Oscillatc 
f5 are impressed thereon. 
The control grid 29 is also connected throug 

a coupling condenser 37 to the grid circuit of th 
blocking oscillator 5 whereby a positive impuls 
is impressed upon the grid periodically to caus 
a discharge of the condenser 23. 
The voltage appearing across the condense 

23 and peaking resistor 26 is supplied to the in 
put circuit of an output tube 38 which supplie 
saw-tooth current impulses to the vertical de 
flecting coils 8. 
The horizontal deflecting circuit indicated b 

the block 3 may be of the general type describe 
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above Comprising a blocking Oscillator, a con 
denser which is charged through a high imped 
ance resistor and discharged through an electri 
discharge tube, and an output tube. 

In Order to produce scanning at the transmit 
ter which is synchronous with the scanning a 
the receiver, the oscillators in the deflecting cir, 
cuits 3 and 4 are so adjusted that if they ar. 
permitted to oscillate freely, they oscillate at : 
slightly lower frequency than the frequency 
of the Synchronizing inpulses which are im, 
pressed thereon from the impulse generato 

. The synchronizing impulses are supplied 
to the deflecting circuits 3 and f4 through 
amplifier tubes 34 and 39. The first ampli. 
fler tube 34 has the resistor 33 connected be. 
tween its cathode and ground. The second 
amplifier tube 39 includes in its output cir 
cuit the filter circuit 2 f comprising a blocking 
Condenser 4, a resistor 42 and a second con 
denser 43 shunted by the resistor 9. Vertical 
Synchronizing impulses appear across the resistor 
9 Substantially to the exclusion of the horizon 

tal Synchronizing impulses. Thus, because of the 
connection of the blocking oscillator 5 to the 
filter resistor 9, it is driven in synchronism with 
the vertical synchronized impulses. Likewise, 
the horizontal deflecting circuit is operated in 
Synchronism with the horizontal synchronizing 
impulses. 

Referring now to the means by which we ob 
tain interlacing, it will be apparent that the plate 
impedance of the discharge tube 27 depends, to 
a certain extent, upon the voltage drop across 
the cathode lead resistor 33. It will also be ap parent that, since the plate current of the ampli 
fier tube 34 is flowing through the resistor 33, 
the voltage drop across it depends upon the mag 
nitude and, therefore, the wave shape of voltage 
impulses impressed upon the control grid of the 
tube 34. In other words, the plate impedance of 
the discharge tube 27 for the duration of a verti cal synchronizing impulse depends upon the wave 
shape or instantaneous value of said impulse. 
The operation of the circuit will be better un 

derstood sreferring to Figs. 2, 3, 4 and 5. The 
Synchronizing impulse generator may com 
prise a disc 44 having openings 46 and 47 there 
in for the production of electrical impulses hav 
ing the desired wave shape as described in Brit 
ish Patent 407,409. 

Fig. 3 shows the character of a vertical syn 
chronizing impulse 48 for one picture frame and 
Fig. 4 and the curve 45 in Fig. 1 show the char 
acter of the next vertical synchronizing impulse 
49 which controls the position of the horizontal 
Scanning lines for the next picture frame. The 
vertical Synchronizing impulse 49 is produced by 
means of the opening 47 in the disc 44 having 
the shape shown. Alternate vertical synchroniz 
ing impulses are of this shape. The remaining 
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vertical synchronizing impulses are of the shape 
shown in Fig. 3 and are produced by an opening 
of the proper shape in the disc 44 which is dia 
metrically opposite the opening 4. It will be 
seen that in the arrangement described, there 
are two picture frames for each rotation of the 
generator disc 44. The impulses 5 shown in 
Figs. 3 and 4 are the horizontal synchronizing 
impulses produced by the openings 46 in the 
generator disc. : 
The curve 52 in Fig. 5 shows the Wave shape 

of the voltage impulse supplied to the grid 29 
of the discharge tube 27 by the blocking Oscillator 

5. This curve is drawn mainly to show the du 
ration of the blocking Oscillator impulse and it 
will be understood that the amplitude of the posi 
tive portion of the impulse is much greater than. 
that of the synchronizing impulses, one hundred 
times as great, for example. 
The voltage appearing across the Cathode re 

sistor 33 as the result of a vertical synchronizing 
impulse being impressed upon the grid of the 
tube 34 has the same wave shape as that impulse. 
Therefore, the curves in Figs. 3 and 4 also repre 
sent the voltages which appear across the re 
sistor. 
By comparing Figs. 3, 4 and 5, it will be seen 

that the occurrence of a vertical synchronizing 
impulse causes the blocking oscillator to produce 
a positive impulse an instant later. For the du 
ration of this positive impulse, a synchronizing 
impulse such as the impulse 48 in Fig. 3, is being 
applied to the cathode 28 of the electric discharge 
tube 27. Assuming that this synchronizing in 
pulse has a polarity such as to make the grid 29 
more negative with respect to the cathode 28, it 
will be seen that the plate impedance of the tube 
27 is higher during the period the condenser 23 
is discharging than it would be if the synchroniz 
ing impulse 48 were not impressed upon the cath 
Ode 28. 
The next vertical Synchronizing impulse which 

occurs has the wave shape indicated at 49 in Fig. 
4. Preferably, this impulse has the same ampli 
tude at the beginning as the preceding impulse 
48 in Order to insure proper Synchronizing of 
the blocking Oscillator 5. Shortly after the be 
ginning of the impulse 49, however, its ampli 
tude becomes less and, since the polarity of the 
impulse 49 is the same as that of the impulse 
48, it will be seen that the plate impedance of the 
discharge tube 27 is lower during the time the 
condenser 23 is discharging than it was during 
the preceding discharge period. 
The reason that the positive impulse indicated i 

in Fig. 5 begins an instant later than the be 
ginning of impulses 48 and 49 is that in the filter 
circuit 2 it takes an appreciable time for suff 
cient voltage to build up across the condenser 43 
to trigger off the oscillator in response to a ver 
tical synchronizing impulse being impressed up 
on the filter circuit. 

It is not essential that the vertical synchro 
nizing impulses be of the particular wave shapes 
illustrated, these being given only by way of ex 
ample. For instance, one vertical impulse might 
have the wave shape shown in Fig. 3 and the 
next vertical impulse might have the wave shape 
indicated at 53 in Fig. 6. Or, the vertical syn 
chronizing impulses may be slotted, with hori 
Zontal synchronizing impulses inserted in the 
slots as shown in Fig. 6d. A system generating 
impulses of this character is described and 
claimed in Patent No. 2,192,121, issued February 
27, 1940, in the name of A. B. Bedford, and as 
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3 
signed to the same assignee as this application, 
Alternate vertical impulses have the shape shown 
by the solid line curve while the remaining were 
tical impulses have three vertical impulse com 
ponents of equal amplitude as indicated by the 
dotted line curve. 
The Voltage Wave which appears across the 

condenser 23 as a result of the above described 
control of the discharge tube impedance is shown 
in Fig. 9. The first saw-tooth starts from a cer 
tain level, the condenser 23 being charged up to 
a Certain point and then discharged. The 
amount the condenser 23 is discharged is con 
trolled in part by the vertical synchronizing 
impulse 48 shown in Fig. 3. It will be seen that 
because of the higher impedance of the discharge 
tube 27 the condenser is not discharged to the 
voltage level at which the saw-tooth started. 
Therefore, the second saw-tooth begins at this 
higher level and the condenser 23 receives an ad 
ditional charge, this charge being equal to the 
One which produced the first saw-tooth whereby 
the second saw-tooth is raised to a higher level 
than the first saw-tooth. This time the con 

5 denser 23 is discharged while the impedance of 
the discharge tube 27 is under the control of the 
Vertical synchronizing impulse 49 shown in Fig. 4. 
Therefore, the plate impedance of the discharge 
tube 2 is lower than during the preceding con 
denser discharge and the condenser is discharged 
a greater amount than formerly to bring its volt 
age to the original level. It will be seen that the 
amount the condenser 23 is charged is the same 
for each saw-tooth but that the amount the 
Condenser is discharged is different for succes 
sive saw-teeth and the same for alternate saw 
teeth. 
From an inspection of Fig. 9 it will be ap 

parent that corresponding horizontal scanning 
lines for two adjacent picture frames will not 
fall upon One another, and that if successive saw 
teeth are chosen having the proper relative am 
plitudes, the horizontal scanning lines of one 
picture frame will fall between the horizontal 
Scanning lines of preceding picture frame to 
produce an interlaced picture. For example, 
if it, t2, ts, etc., represent the period of the verti 
cal deflecting impulses, at the times t1 and ta the 
amplitudes of the first two impulses are g1 and ya 
respectively. The difference between these two 
amplitudes represents the difference in position 
of two corresponding horizontal scanning lines 
in successive picture frames, 

It may be noted at this point that if the saw 
tooth impulses shown in Fig. 9 occur at the rate 
of 60 per second, on analysis they are found to 
consist of the impulses shown in Fig. 10 occur 
ring at the rate of 60 cycles per second and the 
impulse shown in Fig. 11 occurring at half this 
frequency or 30 cycles per second. This fact is 
of particular interest in connection with an em 
bodiment of the invention to be described later. 

It should be understood that the difference 
in amplitude of successive saw-tooth waves has 
been greatly exaggerated in Fig. 9. Actually, 
the amplitude of the smaller saw-tooth may be 
of the order of 99.8% of the amplitude of the 
larger saw-tooth. 
The curves in Fig. 8 are of assistance in un 

derstanding how our system produces an inter 
laced picture. For obvious reasons the curve 54 
which represents the horizontal deflecting im 
pulses has been drawn to show only a few hori 
ZOntal deflecting impulses for each vertical de 
flecting impulse. As indicated on the drawing, 
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in a preferred embodiment of the invention the 
vertical deflecting impulses occurred at the rate 
of 60 per sccond while the horizontal deflecting 
impulses occurred at the rate of 7,200 per Sec 
ond, For convenience in laying out the gener 
ated pattern shown at the right in Fig. 8, the 
saw-teeth have been shown as sloping in the 
opposite direction to the slope of the saw-teeth 
in Fig. 9. In this way, the generated pattern 
when laid out from the curves corresponds to 
the scanning produced at a receiver in actual 
practice in that the scanning is from top to 
botton and from left to right. 

The generated pattern represents the traces 
made by the cathode ray on the fluorescent 
scueen in a receiver tube. The manner, in which 
the generated pattern is laid out from the curves 
is apparent from an inspection of the draw 
ings. For instance, it will be seen that the 
point P on the trace 2 of the generated pattern 
is located by drawing the dotted line. 56 from a 
point on the saw-tooth 2 to the first vertical 
deflecting saw-tooth and then by extending the 
dotted horizontal line. 57 until it intersects a 
vertical line. 58, the distance of the line 58 from 
the right-hand edge of the pattern being deter 
mined by the distance of the above-mentioned 
point on saw-tooth 2 from the botton of the 
saw-tooth. The horizontal deflecting saw-tooth 
impulse produces the trace on the gener 
ated pattern. Other corresponding deflecting 
saw-tooth impulses and corresponding traces in 
the generated pattern are similarly identified by 
corresponding reference numerals. . . It is ap 
parent that the horizontal Scanning lines or 
traces of . One picture frame fall half Way be 
tween the corresponding lines of the preceding 
picture frame. 
The generated pattern on the mosaic 4 of the 

transmitter tube , of course, corresponds to the 
pattern shown in Fig. 8. It may be noted that 
it is the usual practice to project an inverted im 
age on the mosaic 4 and scan it from bottom to 
top instead of from top to bottom as at the re 
ceiver. 

Referring to the embodiment of our invention 
shown in Fig. 7, the differences in amplitude of 
successive vertical saw-tooth deflecting impulses 
is produced by means of an additional Oscillator 
6 which is caused to oscillate at a sub-multiple 
frequency of the main Oscillator frequency. In 
Figs. 1 and 7 like parts are indicated by the same 
reference numerals. 
In the circuit shown in Fig. 7 the cathode 28 

of the discharge tube 27 is connected directly to 
ground whereby the shape of a synchronizing in 
pulse has no direct control Over the discharge 
tube impedance, as in Fig. 1. Instead, during one 
discharge period of the condenser 23 the plate 
impedance of the tube 2 is controlled solely by 
the impulse Supplied by the main Oscillator 5 and 
during the next discharge period the plate im 
pedance of the tube 27 is controlled by the com 
bined outputs of the two oscillators 5 and 6. 
The sub-multiple frequency oscillator 6, which 

in the embodiment being described is adjusted to 
oscillate under the control of synchronizing im 
pulses at one-half the frequency of the main Os 
cillator 5, may be of any suitable type, but in the 
drawing is shown as a blocking Oscillator similar 
to the main oscillator. The grid circuit of the 
oscillator 6 is coupled through a resistor 62 and 
the coupling condenser 37 to the grid 29 of the 
discharge tube 27. The resistor 62 is given a 
high resistance value Such as 50 megohms in 

10 

5 

20 

30 

2,298,147 
Order that the voltage impulse supplied to the 
discharge tube 27 by the sub-multiple frequency 
Oscillator 6 will have a magnitude which is small 
compared to that of the voltage impulse supplied 
by the main oscillator 5. Obviously, this is de 
sirable since only a small difference in the mag 
nitude of Successive saw-tooth impulses is re 
quired to produce interlacing. The amplitude 
of the Sub-multiple frequency impulses may be of 
the order of 4% of that of the main saw-tooth 
impulses at the grid 29. 
In Order to make the oscillator 6 lock in with 

alternate vertical synchronizing impulses, the 
Secondary winding 63 of the transformer 64 is 
connected through a switch 66 and a conductor 
67 to a resistor 68 which is in shunt to the con 
denser 69 of a filter circuit T similar to the 
Cther filter circuit 2 f. The filter circuit T in 
cludes a blocking condenser 72, a resistor 73 of 
Comparatively high resistance, and the condenser 
69 connected in series between the plate of the 
amplifier tube 39 and ground. 
The oscillator 6 is caused to lock in with al 

ternate vertical Synchronizing impulses by so ad 
justing it, that when oscillating freely it will os 
cillate at a frequency. Somewhat lower than one 
half the frequency at , which the vertical syn 
chronizing impulses occur. If the impulse gen 
erator is designed to supply successive verti 
cal Synchronizing impulses which are identical 
in wave shape, and amplitude, the sub-multiple 
frequency oscillator 6 may lock in on the wrong 
Vertical Synchronizing impulse so that at the 
instant a saw-tooth of the larger amplitude is . 
produced at the transmitter a saw-tooth of the 
Smaller amplitude will be produced at the receiv 
er. In that event it would be necessary to open the switch 66 and reclose it, this operation being 
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repeated until the oscillator locked in on the 
correct Synchronizing impulse to give proper in 

Of course, the same results are ob 
tained by performing a similar operation at the 
receiver instead of at the transmitter, and ordi 
narily it would be done at the receiver. 
From the foregoing description it will be seen 

that Successive saw-tooth impulses of different 
amplitude are produced by the circuit shown in 
Fig. 7 in much the same manner that they are 
produced by the circuit shown in Fig. 1. The 
Operation of the circuit shown in Fig. 7 may be 
looked upon in a slightly different way, however, 
by taking note of the fact that the saw-tooth 
impulses appearing across the condenser 23 are 
made up of the saw-tooth components shown in 
Figs. 10 and 11. It may be considered that the 
main oscillator 5 together with the condenser 
23, its charging circuit and discharging circuit 
produce the saw-tooth wave shown in Fig. 10, 
While the Sub-multiple frequency oscillator 6 
together with the condenser 23 and its charging 
and discharging circuits produce the half fre 
quency saw-tooth wave shown in Fig. 11, and 
that these two waves are added to produce the 
wave shown in Fig. 9. 

it will be evident that a separate condenser 
with its charging circuit and discharging circuit 
could be provided for the sub-multiple frequency 
Oscillator 6f and then the saw-tooth waves ap 
pearing across this separate condenser and the 
condenser 23 added to provide a wave of the char 
acter shown in Fig. 9. As such duplication of ap 
paratus is unnecessary, it is preferred to employ 
the circuit illustrated. 

In order to ensure that the sub-multiple fre 
quency oscillator 6 locks in with the proper ver 
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tical Synchronizing impulse, it is desirable that 
Successive vertical Synchronizing impulses be given 
different characteristics, as described in connec 
tion with Fig. 1. In this case, assuming filter 
circuits 2 and 7 f. are otherwise identical, the 
filter condenser 43 should have a considerably 
Smaller capacity than the other filter condenser 
69, one-third of the capacity of condenser 69 
for example, and the sub-multiple frequency os 
cillator 6 is adjusted to oscillate freely at such 
a low frequency that only strong synchronizing 
impulses will cause it to lock in. The main oscil 
lator 5, on the other hand, is so adjusted that it 
OScillates freely close to the desired frequency, 
whereby it locks in on both weak and strong Syn 
chronizing impulses. 
Since the filter condenser 43 has been given a 

comparatively small capacity, the voltage built 
up across it by an impulse indicated at 49 (Fig. 4) 
containing a comparatively. Small amount of en 
ergy has a magnitude sufficient to trigger off the 
main oscillator 5. However, the voltage built up 
across the other filter condenser 69 by the same 
synchronizing impulse is less, and, especially since 
the oscillator 6 is adjusted to lock in on strong 
impulses only, it is insufficient to trigger off the 
sub-multiple frequency oscillator. Therefore, 
the oscillator 6 always locks in with the vertical 
synchronizing impulse containing the most en 
ergy (impulse 48 in Fig. 3) and the tracings of the 
cathode rays at the transmitter and receiver are 
properly interlaced. 
It will be apparent from the above description 

that various modifications may be made in Our 
invention without departing from the Spirit and 
scope thereof, and we desire, therefore, that only 
such limitations shall be placed thereon as are 
necessitated by the prior art and Set forth in the 
appended claims. 
We claim as our invention: 
1. In a television system, a cathode ray tube, 

means for deflecting the Cathode ray horizon 
tally at a certain frequency, and means for de 
flecting the cathode ray vertically at a compara 
tively low frequency, said second means compris 
ing a condenser, a charging circuit for said Con 
denser, a discharging circuit for said condenser, 
and means for making the impedance of said dis 
charging circuit different for successive Con 
denser discharges. 

2. In a television system, a cathode ray tube, 
means for deflecting the Cathode ray horizOn 
tally at a certain frequency, and means for de 
flecting the Cathode ray vertically at a COmpara 
tively low frequency, said second means compris 
ing a condenser, a charging circuit for said Con 
denser, a discharging circuit for said condenser, 
and means for making the impedance of said dis 
charging circuit different for successive conden 
ser discharges and the same for alternate con 
denser discharges. 

3. In a television system, a cathode ray tube, 
means for defecting the cathode ray horizontally 
at a certain frequency, means for simultaneously 

. . deflecting the cathode ray vertically at a COil 
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5 
paratively low frequency, means for generating 
horizontal Synchronizing impulses and for con 
trolling said horizontal deflections in accordance 
thereWith, means for generating vertical synchro 
nizing impulses characterized in that successive 
impulses have unlike characteristics and for so 
controlling Said vertical deflections in accord 
ance therewith that the horizontal deflections of 
the cathode ray for one vertical deflection inter 
lace with the horizontal deflections for the pre 
ceding vertical deflection. 

4. Television apparatus comprising a cathode 
ray tube, means for deflecting the Cathode ray 
horizontally at a certain frequency, means for 
deflecting the cathode ray vertically at a COm 
paratively low frequency, said second means in 
cluding an oscillator and also including a Con 
denser having a highly resistive charging circuit 
and having a discharging circuit which ineludes 
an electric discharge tube, means for producing 
horizontal synchronizing impulses and vertical 
synchronizing impulses, successive vertical Syn 
chronizing impulses having unlike characteris 
tics, means for controlling said horizontal defiec 
tions in accordance with said horizontal Synchro 
nizing impulses, means for controlling Said OScil 
lator in accordance with said vertical Synchroniz 
ing impulses, and means for controlling the in 
pedance of said electric discharge tube in ac 
cordance with said unlike characteristics. 

5. In television apparatus including a cathode 
ray tube and means for deflecting the cathode 
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ray horizontally at a certain frequency, means for 
deflecting the cathode ray vertically at a con 
paratively low frequency, said Second means con 
prising a condenser having a highly resistive 
charging circuit and a discharging circuit which 
includes an electric discharge tube, an oscillator 
adjusted to oscillate freely at approximately 
said low frequency, a second oscillator adjusted 
to oscillate freely at approximately a Sub-multiple 
frequency of said low frequency, means for con 
trolling the plate impedance of said discharge 
tube in accordance with the oscillations of Said 
oscillators, means for producing synchronizing 
impulses characterized in that successive Syn 
chronizing impulses are unlike, alternate in 
pulses being similar, and means for driving said 
oscillators in step with said synchronizing in 
pulses, said sub-multiple frequency Oscillator be 
ing adjusted to lock in only with predetermined 
alternate impulses. 

6. An electro-optical system comprising a cath 
ode ray discharge device having means for pro 
ducing a cathode beam, means for controlling said 
beam, a fluorescent screen, and means for deflect 
ing said beam to trace a pattern on said Screen, 
a source supplying current of selected frequency, 
and means controlled by said source for causing 
the production of successive displaced patterns, 
comprising means for cyclically varying the de 
flecting field. 
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