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Application March 12, 1938, Serial No. 195,441 
2 Claims. 

My invention relates to improvements in meth 
Ods and Systems for television communication. 
In the more successful methods and Systems 

proposed heretofore for television communica 
, tion, and employing a cathode-ray pick-up tube 
at the transmitter and a cathode-ray viewing 
tube at the receiver, it has been required that 
there be at each station two circuits for deflect 
ing the Scanning ray at the line and field fre 
quencies, respectively. Also, it has been required 
that line and field pulses be transmitted on the 

. Same carrier Wave as the video signals, and these 
pulses have been used at the receiver for synchro 
nization. In these prior methods and systems, 
not only has difficulty been encountered in hold 
ing the deflecting circuits at the receiver locked 
in step with those at the transmitter, but a sub 
Stantial portion of the transmitted energy has 
been expended in transmitting the synchronizing 
puses. 
With the foregoing. in mind, it is one of the ob 

jects of my invention to provide an improved 
method and System for television communication 
employing cathode-ray tubes at both stations, 
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s5 
quired to be transmitted to the receiver, and in 
which either the deflection circuit at the line fre 
quency or both deflection circuits at the line and 
field frequencies, respectively, can be omitted at 
the receiver. 
Another object of my invention resides in the 

provision of an improved method and system for 
television communication which has advantages 
over those proposed heretofore in the way of 
greater simplicity of construction and manner 
of operation, and higher efficiency. 
Another object of my invention resides in the 

provision of an improved method and system for 
television communication by which the various 
necessary signals can be transmitted by wireless 
over substantially greater distances than it has 
been possible with the various methods and sys 
tems proposed heretofore, the possible range of 
wireless transmission from the transmitting sta 

45 tion directly to a receiving station being of the 
order of hundreds of miles. 
2. Other objects and advantages will hereinafter 
appear. 
: In accordance with my invention, voltage waves 
at the respective line and field frequencies are 
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ip to the receiver. These same waves are ap 
ied, to cause or at least govern scanning action 
the pick-up tube at the transmitter and scan Es ning action of the viewing tube at the receiver, 

and in which no Synchronizing pulses are re 

nerated at the transmitter and transmitted by 

(C. 178-5.8) 
so that the electron ray in the tubes must of 
necessity be always in step during the scanning 
action. Because of the impossibility of this sys 
tem getting out of synchronization as to both 
line and frame or field frequencies, a much high 
er interlace ratio is possible. This allows a given 
detail picture to be transmitted over a much 
narrower frequency band. Likewise, the trans 
mission of much higher definition pictures over 
the same frequency band can also be accom 
plished. 
Another advantage of this system is that it 

will receive pictures of transmitters operating at 
any desired line and frame frequencies. With 
the present systems, it is necessary that all trans 
mitters operate with exactly the same respective 
Scanning frequencies if all receivers are to be 
capable of receiving from any one of the trans 
mitterS. 
My invention resides in the improved method 

and System of the character hereinafter de 
Scribed and claimed. 

For the purpose of illustrating my invention, 
an embodiment thereof is shown in the draw 
ings, wherein 

Figures 1 and 2 are simplified, diagrammatic 
views of a television transmitting station and a 
television receiving station, respectively, con 
structed and operating in accordance with my 
invention; 

Figs, 3 and 4 are graphical representations of 
electrical wave forms possible for use in my im 
proved system for governing the scanning action; 
and 

Figs. 5, 6 and 7 show circuit details for use in 
my improved system. 
In Fig. 1, the reference numeral to designates 

a cathode-ray pick-up tube of a conventional 
construction, and comprises a mosaic, photoelec 
tric screen on which a light image of the object 
is projected, an electron gun for generating a ray 
of electrons directed at the screen, and two sets 
of deflecting plates for deflecting the electron ray 
at the line and field frequencies respectively so 
that it is caused to Scan the screen. The picture 
or video signals are thereby developed, and fed by 
an output connection f to a modulating am 
plifier 2. 
A first, main carrier wave is provided by an 

oscillator f3. In the power amplifier stage 4 
of the oscillator, this carrier wave is modulated 
by the wide frequency band video signal through 
the modulating amplifier 2. The signals from 
the amplifier 4 are supplied by a connection 5 
to a mixer circuit 6, , 
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The reference numerals 7 and 8 designate 

generators of voltage waves of sine form for the 
sweeps and which are, respectively, at the desired 
field and line frequencies. The low-frequency 
sweep, by means of the amplifier 9, modulates 
the sub-carrier Oscillator 20 in its amplifier stage 
2. The high-frequency sweep, by means of the 
amplifier 22, modulates the sub-carrier oscillator 
23 in its amplifier stage 24. 
The audio or sound signals from the micro 

phone 25 are passed through an amplifier 26. 
The two sweep signals and the audio signals 

are applied through a mixer circuit 2 to modu 
late, in the power amplifier stage. 28 of an oscil 
lator 29, a second, main carrier wave.” The sig 
nals from the amplifier 28 are supplied by a con 
nection 30 to the mixer circuit 6. 
The two carrier waves, one modulated by the 

video signals and the other modulated by the 
two Sweep signals and the sound signals, are 
mixed in the mixer circuit 6 and fed to a com 
mon antenna, 3 for radio transmission. 
Although the two sweep signals are transmitted 

in the form of sine waves, in Fig. 1 they are not 
used as such for direct application to the two 
respective sets of electrostatic deflecting plates, 
but are first changed or modified to waves of 
saw-tooth form by wave-form modifying means 
or networks 32 and 33. An example of such a 
network is shown in Fig. 5, in which the sine-wave 
input is fed through a rectifier 34 to a filter Sec 
tion consisting of a condenser 35 and a resis 
tance 36, from which section is delivered the de 
sired output wave of saw-tooth form. 

In Fig. 1 it is proposed to use a frequency-mull 
tiplying method for the purpose of maintaining 
constant, particularly where interlaced scanning 
is used, the relation of line frequency to field 
frequency. A system or circuit for such purpose 
is shown in Fig. 6, in which a low-frequency volt 
age wave of sine form, such as the 60-cycle power 
main frequency, is fed through successive full 
wave rectifiers 37, 38, etc., followed by filters, as 
shown, to allow passage of the double-frequency 
harmonics. In this way there is produced a final 
and much higher frequency which can be utilized 
for the high frequency sweep coordinated with the 
original low-frequency sweep for the two respec 
tive deflections for scanning. In Fig. 6 there is 
shown only two stages of the frequency-multi 
plication scheme. A transformer primary 39 is 
excited by 60 cycles, and the tapped secondary 
40 supplies the full-wave rectifier 37 which de 
livers 120 cycles to the tuned filter comprising 
the condenser 4 and the next transformer pri 
mary 42. The 120-cycle signal is supplied by 
the tapped secondary 43 to the full-wave rectifier 
88 and thence at the double frequency of 240 
cycles to the condenser 44 and the next suc 
ceeding transformer primary 45. The tapped sec 
ondary 46 delivers signals to the next stage, and 
So on until the required high frequency for line 
Scanning is obtained. In event the resistances 
of the transformers are too low, resistances may 
be inserted in the rectifier circuits for the pur 
pose of limiting the direct current. 
An alternative and simplified system or cir 

cuit, for the same purpose as that shown in Fig. 6, 
is shown in Fig. 7. In Fig. 7, the reference 
numerals 4, 48 and 49 designate transformer 
windings, connected as shown with respect to full 

ve rectifiers 50 and 5 and condensers 52 and 

In Figs. 6 and 7, conventional amplifier stages 
may be employed when needed. Also, if it is 

2,164,176 
desired to produce a phase relation of the final 
frequency, phase-shifting networks may be in 
serted in one or more stages of the frequency 
multiplication system. In cases where it is de 
sired, as in interlaced Scanning, that the final, 
high frequency be an odd multiple of the original 
low frequency, rather than an even multiple of the 
latter, it is proposed to use an excess number of 
doubler Stages and then to employ one or more 
conventional multivibrator frequency-reduction 
stages to obtain the desired odd-scanning fre 
quency for the line Sweep. 

In Fig. 1, the video signals, instead of being 
fed to the mixer f6, may be applied by the con 
nection 5 to another antenna system independ 
ent of the antenna 3. 
At the receiving station, shown in Fig. 2, the 

antenna. 54 applies the combined carrier signals, 
from the transmitter antenna 3, to a broad ra 
dio-frequency amplifier 55. A local Oscillator 56 
reacts with these signals in a first detector stage 
5, on the superheterodyne principle, to produce 
two intermediate-frequency signals which are 
supplied to the respective intermediate-frequency 
channels or stages 58 and 59. 

After suitable amplification, the video signal is 
detected at 60 and applied by a connection 6 to 
a scanning device 62. The device 62 is repre 
sented as being in the form of a cathode-ray tube 
of a common construction, and comprising a flu 
orescent screen, an electron gun for developing a 
ray of electrons directed at the screen, and two 
sets of electrostatic plates for deflecting the elec 
tron ray at the respective line and field frequen 
cies to cause it to scan the screen. The video 
signals are applied to a control electrode of the 
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electron gun whereby the intensity of the electron 
ray is made to vary with the picture or video 
signals. 
The signal in the intermediate-frequency stage 

59 still contains the two sweep signals and the 
audio signals, which now require separation. A 
second detector 63 of relatively wide band output, 
removes the composite signals from the inter 
mediate-frequency carrier, the output from this 
detector going to three selective filters 64, 65 and 
66. The low-frequency sweep signal, still in the 
form of modulation upon its carrier, is detected 
at 67 to produce in the output line 68 a voltage 
Wave of sine form which is changed, by a wave 
form modifying network 69 similar to the network 
32 in Fig. 1, to a saw-tooth voltage wave which 
is applied across the corresponding deflecting 
plates. Likewise, the high-frequency sweep sig 
nal, still in the form of modulation upon its car 
rier, is detected at 70 to produce in the output line 
Ti f a voltage wave of sine form which is changed 
by a wave-form modifying network 72 similar to 
the network 33 in Fig. 1, to a saw-tooth voltage 
wave which is applied across the corresponding 
deflecting plates. 
The audio signal, in its original form from the 

filter 66, is fed to a loudspeaker 73. 
In Fig. 2, the unit 85 represents an automatic 

signal-level control circuit which, in the well 
known manner, utilizes a rectified portion of the 
received signal to adjust the bias on previous 
stages to aid in maintaining substantially con 
stant signal output. In the present case, signal 
for the unit 85 is taken from the high-frequency 
Sweep circuit. Automatic control, based on the 
fixed, high-frequency sweep signal, will be steady 
and independent of background variations of the 
video signal. As shown, the output control signal 
from the unit 85 is applied to control bias in the 
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first detector stage 57 and in the intermediate 
frequency channel 59. w 

Instead of transmitting sinusoidal sweeps as in 
Fig. 1, the generators T and 8 may be made to 
develop saw-tooth sweep wave forms, as shown in 
Fig. 3. Such a sweep wave form is characterized 
by having a relatively wide frequency band neces 
sary for faithful transmission. Its fundamental 
frequency and also its harmonics up to about the 
tenth should be provided for. This type of Scan 
ning provides systematic and uniform coverage of 
the screen, and though high in harmonic content 
can still be used with this system by proper design 
of the intermediate-frequency filters. 
Another wave shape, illustrated in Fig. 4, may 

be transmitted, in which case the generators 7 
and 8 are designed accordingly. It is charac 
terized by equal slopes of the forward and return 
traces, thus containing a much lower harmonic 
content, simplifying the transmission problem 
considerably. Interlace here takes on a somewhat 
different interpretation, but pictures produced in 
this manner prove to be very satisfactory. 
The advantage of using the sine wave, as 

described, resides in the fact that the signals 
are transmitted while still in the Sine-Wave form, 
thereby requiring the simplest band-pass system 
in the selective circuits at the transmitter and 
receiver. 

It will be understood that the actual frequen 
cies indicated in Figs. 1 and 2 are by Way of 
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example only, and that these might vary widely 
to meet particular requirements. 
In case the other shapes of scanning signals 

are desired, it will be necessary to choose other 
frequency bands than here shown, but the gen 
eral principles will be the same and are believed 
to have been sufficiently disclosed for those 
Skilled in the art. " - 
A feature of my improved system of television 

is the exclusive generation of the Sweeps at the 
transmitter and actual transmission of these 
Sweeps to the receiver, thus insuring perfect Syn 
chronism of scanning. No synchronization is 
required. The interlace can be quite complex, 
with a high interlace ratio such as 4, for exam 
ple, and yet will remain in adjustment. Receiver 
controls are greatly simplified. 
Another feature of my improved system is the 

use of sweeps of simple wave form, thereby pro 
viding a narrow frequency band and consequent 
simplified amplification and transmission of the 
Sweeps. 

Still another feature of my improved system 
resides in the reduced video-frequency band pos 
sible with the multiple interlace or high inter 
lace ratio, yet giving high definition pictures. 
With this reduced video-band width and its rel 
atively narrow aSSociate band containing the 
audio and the sweeps, it is practical to utilize 
other and lower carrier frequencies than those 
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Suggested in Figs. 1 and 2, and thus to employ 
carriers which are not limited to an optical hori 
zon for satisfactory coverage. 
The frequency width of the video signals ill 

lustrated in Figs, 1 and 2 has been shown as 
those characteristic of a picture of about 600 
line definition and the carriers chosen are merely 
suggestive. One can see that even with this pro 
vision for a video channel of higher definition 
than provided in a unit with the 441-line stand 
ards with 2 to 1 interlace, the ultra-high fre 
quency band still is not increased over that re 
quired for the 441-line 2 to 1 interlace pictures, 
Now if only 441 lines are desired, using the sys 

3 
tem herein disclosed of multiple interlace, and 
by very stringent selectivity in closely spaced 
channels, it is possible to reduce the channel 
band width to approximately 1 megacycle each 
side of the ultra-high frequency carrier, thus 
making practical the utilization of carriers in 
the range of 30 megacycles, with their conse 
quent potential coverage over large areas and 
to great distances. This is a very marked ad 
vantage of the present improved method and 
System disclosed herein. 
Another advantage of my improved system is 

that a receiver of the type illustrated would be 
versatile in its ability to accept transmissions 
from different stations utilizing different de 
grees of detail. Given a specified band pass in 
each channel, then pictures of any detail up to 
a certain limit could be accepted by simply tun 
ing to the appropriate, R. F. carrier of the sta 
tion in question, without necessity of local ad 
justment to duplicate their particular sweep 
System. It will facilitate public field installa 
tion of television systems without the fear of 
equipment becoming immediately obsolete when 
definition changes are desired. 
Another advantage of my improved system is 

the possibility of the use of automatic volume 
control, or automatic signal-level control by ap 
plication from one or the other fixed signals in 
the sweep circuits. Automatic control based on 
this signal will be steady and independent of 
background variations of the video signal. 

It has been found that excellent pictures may 
be obtained when integral ratios between the 
scanning frequencies are purposely avoided. The 
television system herein disclosed allows prac 
tically any type of interlacing to be employed. 
For example, assume that there is employed a 
vertical sweep of sixty fields per second, which 
is ºwell beyond the flicker limit. Now a hori 
zontal frequency of 3000 cycles per second would 
give fifty lines with exact progressive Scanning. 
Now an increase to 3030 cycles will provide 101 
lines in the complete picture with a two to one 
interlace ratio. The picture repetition rate is 
reduced to 30 per second, but there is still no 
appreciable loss in picture continuity. Now use 
some horizontal sweep such as 3002 cycles per 
second and the scanning will return to a given 
configuration only after half a second. This pro 
duces an effect of lines drifting by when the pat 
tern is greatly magnified, but on the conventional 
viewing screen, the use of this scheme employing 
other than integral ratios between Sweep frequen 
cies, makes the line structure practically indis 
cernible. Use of this peculiar ratio of sweeps is 
practical with the herein described television sys 
tem, as it is necessary to regulate the sweeps 
only at the transmitter. 
A feature of my improved system resides in the 

utilization of actual scanning wave shape trans 
mission suitable for electrostatic cathode-ray de 
flection, though with proper amplifiers, the use of 
electromagnetic deflection is also possible. It is 
obvious that utilization of electrostatic deflection 
at the receiver would allow the same to follow the 
changes in scanning frequency or wave-form, 
when these might be varied at the transmitter. 
It would be more difficult to design an electro 
magnetic system having this same flexibility. 
Another feature of my improved system is the 

possibility of further simplification of the receiver 
equipment if operated on a common power main 
with the transmitter, for then the power mains 
frequency may be employed for the low sweep, 
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reducing the complexity of the receiver in that 
locality. However, the transmitter carrier may 
still contain this low sweep component even when 
exciting such a receiver, for no disturbance will 
be experienced if units 64 and 67 in Fig. 2 are 
omitted and replaced by suitable attachments 
to the power mains. In the light of this modi 
fication, it would be most practical to secure 
the automatic signal-level control voltage from 
the high sweep channel which will be present in 
all receivers. 

Still another advantage of my improved system 
is that its receivers will be versatile enough to 
receive both the highest definition pictures and 
the low definition pictures even of the amateur 
experimenters where cost of transmitter equip 
ment is a limit of the definition which can be pro 
vided. 

It will be understood that various modifications 
are possible without departing from the spirit of 
my invention or the scope of the claims. 
I claim as my invention: 
1. In the art of television communication 

wherein it is required that electrical sweep waves 
of low frequency and high frequency respectively 
be supplied to the receiver for governing scanning 

2.164178 
action thereat, the steps in the method of oper 
ation which consist in modulating a first main 
ultra-high frequency carrier with the video sig 
nal, modulating a sub-carrier with the high 
frequency sweep wave, modulating a second main 
ultra-high frequency carrier with the modulated 
Sub-carrier, and feeding Said modulated main 
carriers to radio transmission means. 

2. In the art of television communication 
wherein it is required that electrical sweep waves 
of low frequency and high frequency respectively 
be supplied to the receiver for governing the 
Scanning action thereat, the steps in the method 
of operation which consist in modulating a first 
main ultra-high frequency carrier with the video 
signal, modulating a sub-carrier with the low 
frequency sweep wave, modulating a different 
sub-carrier with the high-frequency sweep wave, 
mixing the two modulated sub-carriers with audio 
signal, modulating a Second main ultra-high fre 
quency carrier with the composite signal com 
prising the two Sweeps and the audio signal, and 
feeding said modulated main carriers to radio 
transmission means. 

THOMAS T. GOLDSMITH, JR. 
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