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CATHODE-RAY TUBE MODULATOR, N.A 
PULSE MULTIPLEXTRANSMTER, 

William D. Houghton, Port Jefferson, N. Y., as 
signor to Radio Corporation of America, a cor 
poration of Delaware 

Application December 1, 1944, Serial No. 566,050 
(C. 179-5) 1. Claims. 

..This invention relates to a pulse communication 
System, and to novel methods of and apparatus 
for generating pulses modulated in accordance 
With the signal intelligence. 
An object of the invention is to enable the 

modulation of generated pulses by two different 
kinds of modulation to thereby increase the num 
ber of messages transmitted by a single train of 
pulses. 
Another object is to provide a cathode ray tube 

type of pulse generator having means for modul 
lating both the phase and amplitude of the gener 
ated pulses by different modulation Sources. 
A further object of the present invention is to 

provide a multi-channel pulse transmission sys 
ten utilizing cathode ray tubes for generating 
and modulating the pulses in each channel. 
A still further object is to provide a multi 

channel pulse transmission system in which each 
channel has a - Series of pulses whose phase and 
amplitude are individually modulated by differ 
ent sources of intelligence, to thereby increase the 
effective number of messages to be transmitted. 
In accordance With the embodiment of the 

invention illustrated in the appended drawing 
and described hereinafter, the multi-channel 
transmitting system of the invention comprises 
a plurality of channels producing short duration 
pulses. Each channel is equipped With a Cathode 
ray tube pulse generator having electrodes for 
enabling two different kinds of nodulation to be 
impressed on the generated pulses. All channels 
are fed With a common saw-tooth voltage wave, 
and the different channels are aSSigned different 
non-overlapping portions of the linear slope of 
the saw-tooth wave for their respective operating 
times. It will thus be seen that the Operating 
voltage levels are different for the different chan 
nels. By modulating the pulses in each channel 
in different manner with two different audio fre 
quency signals, it is possible to double effectively 
the number of Signals sent Out Over the channels. 
A feature of the invention lies in the use of the 

Cathode ray tube System for generating pulses 
and for modulating these pulses both as to ampli 
tude and phase. 
Other objects and features of the invention Will 

appear from a reading of the following descrip 
tion which is accompanied by a dra Wing, wherein: 

Fig. 1 illustrates a multi-channel pulse gener 
atting and transmitting System in accordance with 
the invention; and 

Figs. 2d,2b and 2C are graphs, given in explana 
tion of the operation of the system of Fig. 1. 

Referring to Fig. 1, there is shown a multi 
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2 
channel pulse transmitting System comprising 72 
channels , 2 . . . n, each modulated by two audio 
signals or programs, and all channels locked to 
gether by means of a common saw-tooth voltage 
generator O so that the pulses produced in the 
different channels occupy different time periods 
although occurring at the same frequency. The 
channels , 2 . . . m are coupled to a common 
transmission line TL. extending to a radio fre 
quency transmitter and an associated radiating 
antenna, 2. A pulse, amplifier 3 located between 
the line TL and the transmitter serves to 
amplify the pulses impressed on the line.from the 
different channels. The antenna, 2...may be any 
suitable structure, preferably a directive type of 
antenna, which is pointed to be most effective 
toward the remote receiver. (not shown). 

- The three channels shown in Fig.1 are-similar 
in construction and each includes: a cathode-ray 
tube a having, within an evacuated envelope, a 
cathode 5, a grid...f6, a focusing-anode 7, a pair 
of vertical deflecting plates 8, a plate 9-having 
a horizontal slot therein, and can output-anode 
29. The grid. 6 is connected to the secondary 
Winding of an audio frequency transformer s2 
whose primary winding is coupled to a source 
of audio signals A. One, vertical deflecting elec 
trode of the pair 8 is connected to the saw-tooth 
generator i0, while the other vertical deflecting 
plate is connected to a resistor R through the 
secondary winding of an audio frequency trans 
former 22. The primary winding of transformer 
22 is connected to a source of audio signals. 
Audio frequency sources A and represent differ 
ent signals or sound programs. The other chan 
nels are supplied with other different signals or 
sound programs. The plate 9 with the horizontal 
slit is supplied with a suitable positive polarizing 
potential. The output anode 20 is cup-like in 
form in order to prevent secondary electrons 
which might result from the bombardment of the 
output anode from leaving the confines of the 
output anode. Resistor R, it should be noted, has 
opposite terminals connected to positive and nega 
tive leads of a suitable source of unidirectional 
potential. The secondary winding of the trans 
former 22 is connected to a tap or positioning con 
trol on R for enabling the connection-to any 
desired point on the resistor...Rf. By means of 
this tap on the resistor...Rf, I am able to apply a 
direct current bias, to one of the vertical deflecting 
plates 8, which causes the electron beam emitted 
from the cathode 5 to cross the slit or opening in 
the plate O at a particular time interval corre 
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sponding to a desired portion of the saw-tooth 
voltage wave applied from generator 0. 

Normally, the electron beam in the cathode 
ray tube 4 is made to move vertically to croSS 
the opening or slot in the plate 9. Each time 
the electron beam crosses the slot in plate 9, 
a pulse of electron current will flow to the anode 
20. By means of transformer 22, and the audio 
signal applied to the primary of this trans 
former, I am able to vary the effective voltage 
wave on the vertical deflecting plates 8, and as 
a result of this to vary the particular time at 
which the electron beam crosses the slot in the 
plate 9. It will thus be seen that by applying 
varying voltages to the vertical deflection plates 
by means of the audio transformer 22 the elec 
tron beam will move across the slot at different 
levels of the saw-tooth input Wave and thus 
produce phase modulated output pulses. 
By differently setting the taps or position con 

trols on the resistors R, R2 . . . Rin in the 
different channels, it will be evident that differ 
ent direct current biases will be applied to the 
different vertical deflection plates of the Cathode 
ray tubes of the channels. Since the saw-tooth 
generator O is common to the vertical deflection 
plates of all the channels, the frequency or rate 
of repetition of the output pulses from the 
different channels will be the same, but by means 
of suitable adjustments of the taps or posi 
tioning control on the resistors R, R2 . . . Rin, 
I am able to assign different portions of the 
saw-tooth voltage wave to the different chan 
nels. Putting it in other words, the pulse gen 
erated in channel f Will occur. When the SaW 
tooth wave reaches a desired voltage level de 
termined by adjustment of the resistor R, 
while the pulse generated in channel 2 will 
occur at a different time when the saw-tooth 
wave reaches another desired voltage level, de 
termined by the adjustment of resistor R2, etc. 
It is desired that the different, channels have 
different operating voltage regions selected for 
them by adjustment of the resistors R, R2 . . . 
Rn, and that these different voltage regions 
have substantially the same latitude of voltage. 
For example, if the saw-tooth voltage Wave 
varies from zero volts to 105 volts maximum and 
only a three channel transmitting System is 
employed, each of the three channels will oper 
ate over a 25 volts region. Channel can oper 
ate over the region of, let us say, 5 to 30 volts. 
Channel 2 can operate over the region of 40 to 
65 volts. Channel 3 can operate over the region 
of 75 to 100 volts on the saw-tooth Wave. 
A clear description of the operation of the 

invention may be had by referring to FigS. 2d., 
2b and 2c. - 

Fig. 2d. illustrates the saw-tooth voltage Wave 
supplied from the generator 0 to the vertical 
deflection plates of the different cathode ray 
tubes of the different channels. By suitable 
adjustment of the taps or positioning controls 
in the different channels, the pulses generated 
in channel will occupy a time interval equiv 
alent to a-b on the saw-tooth voltage Wave of 
Fig. 2a, while the pulses generated in channel 
2 will occupy a different time interval equivalent 
to c-d on the saw-tooth of Fig. 2d. Channel 
72 will occupy the time interval equivalent to e-f 
of the saw-tooth wave of Fig. 2a. If the trans 
mitting System is designed to use more than 
three channels, then the fourth channel may 
occupy some time interval located between d and 
e on the saw-tooth voltage wave of Fig. 2d. It 
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4. 
will thus be seen that different channels have 
different assigned non-overlapping portions on 
the linear slope of the saw-tooth Wave and that 
the different channels have the same latitude 
of voltage change. 
The modulating voltage applied to the trans 

former 22 varies the direct current bias on the 
vertical deflection plates and varies the exact 
time at which the pulse occurs in the channel 
between the limits assigned to that channel on 
the saw-tooth voltage wave. This will be clear 
from an inspection of Fig. 2b. In Fig. 2b, the 
pulses from the different channels are repre 
sented by the vertical lines 30, 3 and 32 and 
are shown as occurring exactly in the center of 
the operating voltage region assigned for the 
saw-tooth wave of Fig. 2d. This will be the 
case if no signal is applied to the transformer 22. 
When the signal is applied to the transformer 
22, these pulses represented by 30, 3 and 32 will 
vary in time between the limits assigned to the 
channels. The boundaries of these limits are 
represented by the horizontal double arrow line. 
Thus, the pulse 30 generated in channel can 
vary in time anywhere between the limits a, and 
b, while the pulse 3 f generated in channel 2 can 
vary in time anywhere between the limits c and 
d, and the pulses generated in channel in can 
Vary anywhere between the limits e and f. These 
limits can be fixed by using an audio limiter 
Stage. The phases of these pulses will thus valry 
in dependence upon the signal applied to the 
transformer 22, although the frequency or rate 
of repetition of the pulses in the different chan 
nels Will be the same. 

Fig. 2C graphically illustrates the manner in 
Which the pulses may be modulated as to ampli 
tude. The beam intensity of the pulses is varied 
by applying a signal to the transformer 2, in 
turn connected to the grid 6. This new signal 
is represented as audio A in channel f, audio B 
in channel 2, and audio X in channel n. Fig. 2c 
shows that the pulses 30, 3 and 32 can vary 
in phase between the limits assigned to the dif 
ferent channels and simultaneously vary in am 
plitude or intensity. Thus, the pulse 30 in chan 
nel can vary in amplitude anywhere between 
the limits g and h, as represented by the vertical 
line With the double arrows, depending upon the 
Voltage of the audio frequency signal applied 
to the transformer 2. The pulse 3 of channel 2 
can vary in amplitude anywhere between the 
limits i and i, and similarly the pulse 32 in 
channel 7 can vary in amplitude anywhere be 
tWeen the limits k and l. These limits in each 
channel are also set by an audio limiter or other 
device since otherwise a large audio signal ap 
plied to A could cause cut-off of electron beam 
and hence no pulse would be present at 20. It Will 
thus be seen that the pulse from each channel is 
phase modulated by an audio signal and at the 
Same time can be amplitude modulated by a dif 
ferent audio signal. Although three channels 
are illustrated in Fig. 1, it is possible to transmit 
Six different messages over these three channels, 
thus doubling the effective number of channels. 
The output pulses from each channel should 

Occur at a rate three times the highest audio 
frequency transmitted. Hence the repetition rate 
of the Saw-tooth voltage wave should also be 
three times the highest audio frequency. The 
pulses collected from the different channels are 
generated across the load resistor R3 by virtue of 
the IR drop in this resistor. Condenser Ci in 
the output circuit is merely an output coupling 
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condenser to keep high voltage from line TT. 
Resistor R4 Serves to tie One end of condenser 
C to ground to prevent a static charge from 
being present if line TL were disconnected. The 
pulses appearing across resistor R4 are preferably 
amplified in pulse amplifier 3 and used to turn 
on or 100% modulate the radio frequency trans 
mitter . The transmitter serves to generate 
radio frequency energy whose duration and time 
of occurrence corresponds to the duration and 
times of occurrence of the pulses generated in 
the different channels. The pulses generated in 
each channel are very short compared to the 
time intervals between pulses appearing in the 
saire channel. 
What is claimed is: 
1. A pulse generator System comprising an 

electron ray tube having an electron beam pro 
ducing electrode, a plate provided with a slot, and 
an output, electrode for collecting the electrons 
passing through said slot, deflecting elements for 
said tube so arranged as to cause the electron 
bean to traverse said slot, means for applying a 
triangular shaped voltage wave to said deflecting 
elements, and means for superimposing a variable 
voltage on said deflecting elements which varies 
in accordance with a modulating Signal. 

2. A pulse generator System comprising a cath 
ode ray tube having an electron emitting cathode, 
a plate provided with a slot, deflecting plates SO 
arranged as to cause the electron beam to traV 
erse said slot, and an output electrode for col 
lecting the electrons passing through the slot, 
a source of recurring triangular shaped voltage 
waves coupled to said deflecting plates, means for 
applying a direct current bias to said deflecting 
plates, and means for varying said bias in ac 
cordance With a modulating signal. 

3. A pulse generator system comprising a Cath 
ode ray tube having an electron emitting cath 
ode, a plate provided with a slot, deflecting plates 
so arranged as to cause the electron beam to 
traverse said slot, a grid between said Cathode 
and said deflecting plates, and an output elec 
tode for collecting the electrons passing through 
the slot, a source of recurring triangular shaped 
voltage waves coupled to said deflecting plates, 
means for applying a direct current bias to Said 
deflecting plates, an audio frequency modulating 
signal coupled to said grid, and means for vary 
ing said bias in accordance with another audio 
modulating signal. 

4. A pulse generator Systern comprising an elec 
tion ray tube having an electron beam source, 
a grid, a plate having a slot, electron deflecting 
elements, a source of triangular shaped Woltage 
waves coupled to said deflecting elements for 
causing said bean to traverse said slot recur 
ringly at predetermined intervals, and signal 
modulating means in circuit with said tube for 
varying between limits the exact time at which 
said beam traverses said slot, to thereby modul 
late the phase or relative timing of the generated 
pulses, and other signal modulating means cou 
pled to said grid to vary thé amplitude of the 
generated pulses. 

5. A multi-channel pulse transmitting system. 
comprising a plurality of channels, a cathode 
ray tube in each channel, said cathode ray tube 
having electron beam deflecting elements, a 
triangular Wave generator coupled in common to 
the beam deflecting elements of the cathode ray 
tubes of Said channels, and means coupled to said 
beam deflecting elements for Selecting different 
operating voltage regions for said channels cor 
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6 
responding to different portions on the linear 
slope of said triangular wave. 

6. A multi-channel pulse transmitting system 
comprising a plurality of channels, a cathode 
ray tube in each channel, said cathode ray 
tube having electron beam deflecting elements, 
a triangular wave generator coupled in Common 
to the beam deflecting elements of the cathode 
ray tubes of said channels, and means in said 
channels coupled to said beam deflecting ele 
ments for selecting different operating Voltage 
regions corresponding to different portions On 
the slope of said triangular Wave, and different 
signal modulating sources coupled to the beam 
deflecting elements of said cathode ray tubes. 

7. A multi-channel pulse transmitting system 
comprising a plurality of channels, a cathode ray 
tube in each channel, said tube having electron 
beam deflecting elements, a saw-tooth Wave 
generator coupled in common to the beam de 
flecting elements of the cathode ray tubes of Said 
channels, and means coupled to said beam de 
flecting elements for Selecting different Operating 
voltage regions for said channels corresponding 
to different portions on the linear slope of Said 
saw-tooth wave, and different audio frequency 
modulating sources coupled to the beam deflect 
ing elements of said cathode ray tubes. 

8. A pulse generator System comprising a Cath 
ode ray tube having an electron emitting cathode, 
a plate provided with a horizontally arranged slot, 
vertical deflecting plates so arranged as to cause 
the electron beam to traverse said slot, and an 
output electrode for collecting the electrons pass 
ing through the slot, a source of recurring 
triangular shaped voltage Waves coupled to Said 
deflecting plates, means for applying a direct 
current bias to said plates, and means for vary 
ing said bias in accordance with a modulating 
Signal. 

9. A multi-channel pulse transmitting system 
comprising a plurality of channels, a cathode ray 
tube in each channel, said cathode ray tube hav 
ing electron beam defecting elements, a plate 
having a slot acroSS Which said beam is adapted 
to move, and an output electrode for collecting 
the electrons passing through said slot, a triangul 
lar wave generator coupled in common to the 
beam deflecting elements of the cathode ray tubes 
of said channels, and means coupled to said bean 
deflecting elements for selecting different operat 
ing Voltage regions for said channels correspond 
ing to different portions on the linear slope of 
Said triangular wave, and a load circuit coupled 
in common to the Output electrodes of said 
Cathode ray tubes. 

10. A pulse generator System comprising an 
electron ray tube having an electron beam source, 
a grid, a plate having a slot, and electron de 
flecting elements, a Source of triangular shaped 
voltage waves coupled to said deflecting elements 
for causing said beam to traverse said slot re 
curringly at predetermined intervals, and signal 
modulating means in circuit with said tube for 
varying between limits the exact time at which 
said bean traverses said slot, to thereby modulate 
the phase or relative timing of the generated 
pulses, and other signal modulating means cou 
pled to said grid to vary the amplitude of the 
generated pulses, the repetition rate of said 
triangular shaped voltage waves being substan 
tially at least three times higher than the highest 
modulating frequency. - 

11. A pulse generator system comprising a 
cathode ray tube having beam deflecting ele 
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ments, a triangular wave generator coupled to 
said beam deflecting elements, and adjustable 
means coupled to said beam deflecting elements 
for selecting a particular operating voltage region 
on the linear slope of said triangular wave, and 
a signal modulating source coupled to said beam 
deflecting elements. 

WILLIAM ID. HOUGHON. 
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