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The present invention relates to cathode ray tubes and 
particularly to cathode ray tubes combined with travel 
ling wave means for producing deflection of the electron 
beam in one dimension, the travelling wave means being 
enclosed within the same envelope with the usual cathode 
ray tube and its deflection means. By utilizing a single 
envelope enclosing both a source of electrons which is 
velocity modulated by travelling wave means and a sec 
ond source of an electron beam which is deflected by the 
ouput of the travelling wave section it is possible to 
combine a low noise band-pass amplifier, wide band de 
tector, video amplifier and electrostatic deflection system 
with the usual cathode ray oscilloscope tube. 

In the past, travelling wave tubes have been made 
wherein the output of the tube intensity modulated a 
cathode ray beam, but no device has been manufactured 
or suggested which combines a travelling wave amplifier 
tube with an electrostatically deflected cathode ray tube 
to produce a complete amplifying, detecting and deflect 
ing system such as indicated above. It will be readily 
appreciated that such a complete wave deflected cathode 
ray tube is extremely useful for the presentation of in 
formation on oscilloscopes or on 'A' type radar screens. 

It is an object of my invention to provide a combined 
travelling wave amplifier tube and cathode ray oscillo 
scope tube wherein the oscilloscope beam deflection in 
one dimension is caused by the output of the travelling 
wave amplifier tube. 

It is another object of my invention to provide such a 
combined travelling wave amplifier, velocity sorting aper 
ture demodulator, and electrostatically deflected cathode 
ray tube wherein the tube sections are in a single evacu 
ated envelope. 

It is another object of my invention to provide a 
combined tube wherein electron multiplication is em 
ployed. 

It is a further object to provide such a combined tube 
using an electron multiplier structure wherein the de 
flection plates of the cathode ray tube are sectionalized 
and are connected to the multiplier dynodes successively 
to thereby reduce problems arising from the transit time 
of the electrons from dynode to dynode. 

Other objects and features of the invention will be 
apparent when the following description is considered 
in connection with the annexed drawings, in which, 
FIGURE 1 is a schematic view of a combined tra 

Velling wave amplifier, detector, and electrostatically de 
flected cathode ray tube in which the electron multiplier 
output is connected directly to one pair of beam deflection 
plates; 
FIGURE 2 is a similar view of the modified form of 

the invention wherein the electron multiplier dynodes 
are connected progressively to a series of deflecting plates; 
and 
FIGURE 3 is a fragmentary illustration of a modifica 

tion of the FIGURE 2 structure. 
Referring now to FIGURE 1, it will be seen that the 

tube of my invention comprises an envelope 10 having 
the usual phosphor coated faceplate 11, funnel portion 
12 and cylindrical neck portion 13. At one end of the 
neck portion 13 there is mounted the usual electron gun 
having a cathode 14, control grid 15 and focussing and 

10 

5 

20 

25 

30 

45 

60 

65 

70 

2 
accelerating anodes 16 and 17. Between the electron 
gun and screen 11 are the usual deflection plates 18-18 
and 19. 

In addition to the cylindrical neck portion 13 there is 
made integrally with the tube 10 a second cylnidrical 
portion 20 which extends at right angles to the portion 
13. The cylindrical portion 20 contains a second elec 
tron gun which is again provided with the usual cathode 
21, control grid 22 and accelerating anode 23. Likewise 
provided in cylindrical portion 20 is a helix or helical 
line 24 to which a desired potential is applied. 
The signal to be observed may be a modulated high 

frequency such as a radar signal, in which case after 
amplification it is applied directly to electrode 25 re 
actively coupled to the helical line at its lower end. If 
the signal to be observed is a video signal or one of lower 
frequency, a high frequency oscillator and modulator 
must be provided as shown in FIG. 1. 

In a similar manner, an electrode 26 is positioned 
adjacent the opposite end of the helical line, reactively 
coupled thereto and connected to a resistor serving as 
a load or terminating impedance for the helical line 24 
and returned to a point of suitable reference potential. 
Adjacent the helical line 24 at the end opposite the elec 
tron gun is a plate 27 having an aperture therein, this 
plate serving, as will hereinafter appear, as a velocity 
Sorting or demodulating aperture. Between the aper 
tured plate 27 and the horizontally extending cylindrical 
portion 13 of tube 10 is a series of dynodes 28, 30, 31, 
32 and 33, the last dynode being arranged to direct the 
electrons emitted therefrom against one of the vertical 
deflection plates 8 of the tube 10. This plate serves as 
a collecting anode for the electron multiplier and is 
connected by means of a lead 34 to a resistor 35 and 
thence to ground, the opposite plate of the pair 18 being 
connected to B-- through the variable resistor 39. 

It will be seen that the electron beam formed by co 
action of the cathode 21, grid 22 and accelerating anode 
23 is directed down the axis of the helical line 24. The 
input signal travels down the helical line and in so doing 
causes "bunching” of the electrons, that is, causes velocity 
modulation of the electron beam. The apertured plate 
27 is biased by placing a desired positive voltage thereon 
Such that all electrons leaving the helical line 24 at a 
velocity greater than a predetermined value will emerge 
from the aperture at the side remote from the helical 
line 24, whereas electrons having a velocity less than a 
predetermined velocity will not pass through the aperture. 
The number of electrons emerging from the aperture 

will thus be directly proportional to the amplitude modu 
lation of the input signal and the electron stream “pulses” 
emerging from the aperture in plate 27 constitute the 
demodulated input signal. These pulses are then ampli 
fied by means of the electron multiplier dynodes 28, 30, 
31, 32 and 33, the collector plate of the electron multi 
plier being the deflection plate of the horizontally dis 
posed cathode ray tube as described hereinabove. The 
anode or collector plate 18 is terminated as indicated 
in the low impedance represented by resistor 35, while 
the other plate of the pair of deflection plates 18 is con 
nected to B-. This latter potential is nominally at the 
voltage level of plate 18 and may be varied for beam 
positioning on the display cathode ray tube screen. It 
Will be understood that the electron current from the 
final dynode 33 of the electron multiplier flows via the 
deflection plate 18 through resistor 35. The variation 
of this current through resistor 35 develops a voltage 
thereacross which is therefore directly related to the 
video information modulated on the carrier wave intro 
duced into the system at the input electrode 25. The 
voltage across resistor 35 also appears at the lower de 
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flection plate 18 and causes the cathode ray beam to be 
deflected proportionally to the amplified video infor 
mation. Consequently, the voltage across plates 8 cor 
responds to the modulation on the input signal and the 
beam is deflected in one direction, usually the vertical 
direction by corresponding amounts. Of course, a Sweep 
signal is applied to the horizontal deflection plates 19 
in the usual manner to supply a time base for the dis 
play of the input signals. 

Referring now to FIGURE 2, the arrangement shown 
therein is generally similar to that shown in FIGURE 1. 
However, in this case the vertical deflection plates 18 
are subdivided into the pairs of plates 8a, 8b, 18c and 
i8d and additionally the dynodes are arranged along 
an axis generally parallel to the beam axis of the display 
cathode ray tube and are connected individually to the 
successive deflection plates. In this manner the progres 
sively higher voltage present on the successive dynodes 
is applied to the successive sections of the vertical de 
flection plate and the transit time of the beam of the 
display cathode ray tube section is correlated with the 
transit time of the electrons from a preceding to a suc 
ceeding dynode. 

In FIGURE 3 an arrangement generally similar to 
FIGURE 2 has been shown, the construction being 
slightly modified, however, to simplify it and to improve 
performance by reducing the deflection plate and dynode 
stray capacity and minimize lead inductance. Thus as 
shown in FIGURE 3 the subsections 8a, 18b and 8c 
of the lower deflection plate 8 are made integral with 
the alternate dynode elements 28, 35 and 33. As in the 
construction of FIGURE 2 the transit time of the elec 
trons from dynode to dynode is made to correspond to 
the transit time of the electron beam from a preceding 
portion of the deflection plate 8 to a succeeding portion 
thereof, the beam thus being progressively deflected as 
it passes down the tube axis. 
What is claimed is: 
1. In a device of the class described, in combination, 

a cathode ray tube comprising an evacuated envelope 
having a cylindrical neck portion, and a fluorescent 
screen at one end of the envelope, said cathode ray tube 
having an electron gun at the opposite end of the en 
velope for producing a beam of electrons and deflecting 
plates arranged to deflect the beam from its axis, a 
generally tubular branch portion formed integrally with 
the envelope, a travelling wave amplifier comprising an 
electron gun, nondispersive travelling wave producing 
means and a velocity demodulating device arranged in 
said branch envelope portion, and means applying the 
output of said travelling wave amplifier to one pair of 
deflection plates of said cathode ray tube to thereby pro 
duce a trace on the fluorescent screen in accordance with 
an input signal applied to the travelling wave producing 

CalS. 
2. In a device of the class described, in combination, 

a cathode ray tube comprising an evacuated envelope 
having a cylindrical neck portion and a funnel portion, 
and a fluorescent screen at one end of the funnel por 
tion, said cathode ray tube having an electron gun for 
producing a beam of electrons at the opposite end of 
the cylindrical portion and deflecting plates arranged to 
deflect the beam from its axis, a generally tubular branch 
portion formed integrally with the envelope, a travel 
ling wave amplifier comprising an electron gun, non 
dispersive travelling wave producing means and a veloc 
ity demodulating device arranged in said branch envelope 
portion and means applying the output of said travel 
ling wave annplifier directly to one pair of deflection 
plates of said cathode ray tube to thereby produce a 
trace on the fluorescent screen in accordance with an 
input signal applied to the travelling wave producing 

calS. 
3. in a device of the class described, in combination, 

a cathode ray tube comprising an evacuated envelope 
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4. 
having a cylindrical neck portion and a funnel portion, 
and a fluorescent screen at one end of the funnel por 
tion, said cathode ray tube having an electron gun for 
producing a beam of electrons at the opposite end of 
the cylindrical portion and deflecting plates arranged to 
defect the beam from its axis, a generally tubular branch 
portion formed integrally with the envelope, a travelling 
Wave annplifier comprising an electron gun, nondispersive 
travelling wave producing means and a velocity de 
modulating device arranged in said branch envelope por 
tion, an electron multiplier in said envelope, means for 
applying the velocity modulated electron stream to said 
electron multiplier and means for applying the ampli 
fied signal from said electron multiplier to one pair of 
deflection plates of said cathode ray tube to thereby pro 
duce a trace on the fluorescent screen in accordance with 
the input signal applied to the travelling wave producing 
IC3S. 

4. In a device of the class described, in combination, 
an evacuated envelope comprising generally tubular por 
tions and a fluorescent screen in said envelope at one 
end of the axis of a first one of said tubular portions, a 
first electron gun at the opposite end of said first tubu 
lar portion, deflection means in the first said tubular por 
tion for deflecting the electron beam from said first gun 
in one dimension across said screen, a second electron 
gun in the second of said tubular portions, means in 
said Second tubular portion for producing a nondispersive 
travelling wave of input signal energy to velocity modu 
late the beam from said second electron gun, means to 
apply an amplitude modulated signal to said travelling 
wave producing means, means located in Said Second 
tubular portion at a point along said portion remote from 
said second electron gun to demodulate the beam from 
said second gun to produce signals corresponding to the 
input signal, and means to apply said demodulated signals 
to said deflecting means to thereby produce a trace on said 
fluorescent screen in accordance with the input signal. 

5. A device in accordance with claim 4 wherein said 
travelling wave producing means comprises a helical 
line extending along the axis of said second tubular por 
tion adjacent said second electron gun. 

6. A device in accordance with claim 4 wherein said 
demodulating means comprises an apertured plate to 
gether with means for applying a potential to said plate 
to cause said plate to permit only electrons having a 
velocity above a predetermined minimum to pass through 
the aperture. 

7. A device in accordance with claim 5 wherein said 
input signal applying means comprises a pair of coupling 
electrodes located respectively adjacent the ends of said 
helical line. 

8. A device in accordance with claim 5 wherein said 
demodulating means comprises an apertured plate to 
gether with means for applying a potential to said plate 
to cause said plate to permit only electrons having a 
velocity above a predetermined minimum to pass through 
the aperture. 

9. In a device of the class described, in combination, 
an evacuated envelope comprising generally tubular por 
tions and a fluorescent screen in said envelope at one 
end of the axis of a first one of said tubular portions, a 
first electron gun at the opposite end of said first tubular 
portion, deflection means in the first said tubular portion 
for deflecting the electron beam from said first gun, a 
second electron gun in the second of said tubular por 
tions, means in said second tubular portion adjacent said 
second electron gun for producing a travelling wave of in 
put signal energy to velocity modulate the beam from said 
second electron gun, means to apply an amplitude modu 
lated signal to said travelling wave produce means, means 
located in said second tubular portion adjacent Said tra 
velling wave producing means to demodulate the velocity 
modulated beam to produce signals corresponding to the 
input signal, electron multiplier means in Said evacuated 
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envelope, said demodulated beam being applied to said 
electron multiplier means and means for applying the 
output of said multiplier means to said deflection means 
to deflect the beam form said first electron gun in accord 
ance with the input signals, to thereby produce the trace 
on said fluorescent screen in accordance with the input 
signal. 

10. In a device of the class described, in combination, 
an evacuated envelope comprising generally tubular por 
tions and a fluorescent screen in said envelope at one end 
of the axis of a first one of said tubular portions, a first 
electron gun at the opposite end of said first tubular por 
tion, deflection means in the first said tubular portion for 
deflecting the electron beam from said first gun in one 
dimension across said screen, said deflection means com 
prising a plurality of pairs of deflection plates located 
along the axis of the beam from said first electron gun, 
a second electron gun in a second tubular portion, means 
in said second tubular portion for producing a travelling 
wave of input signal energy to velocity modulate the 
beam from said second electron gun, means to apply an 
amplitude modulated signal to said travelling wave pro 
ducing means, means located in said second tubular por 
tion adjacent said travelling wave producing means to de 
modulate the beam from said second gun to produce sig 
nals corresponding to the input signal, and electron multi 
plier means comiprsing a plurality of dynodes located in 
said evacuated envelope, the first of said dynodes being 
located in the path of electrons from said demodulating 
means and successive ones of said dynodes being con 
nected to one plate of successive ones of said pairs of 
deflection plates to deflect the beam from said first elec 
tron gun in accordance with the input signals applied to 
said travelling wave producing means. 

1. In a device of the class described, in combination, 
an evacuated envelope comprising generally tubular por 
tions and a fluorescent screen in said envelope at one end 
of the axis of a first one of said tubular portions, a first 
electron gun at the opposite end of said first tubular por 
tion, deflection means in the first said tubular portion for 
deflecting the electron beam from said first gun in one 
dimension across said screen, said deflection means com 
prising a plurality of pairs of deflection plates located 
along the axis of the beam from said first electron gun, 
one plate of each pair being on one side of the beam axis 
and the other plate on the opposite side, said plates on 
said one side being biased successively more positive in 
the direction from the gun to the screen, a second electron 
gun in the second of said tutbular portions, means in said 
second tubular portion for producing a travelling wave of 
input signal energy to velocity modulate the beam from 
said second electron gun, means to apply an amplitude 
modulated signal to said travelling wave producing 
means, means located in said second tubular portion ad 
jacent said travelling wave producing means to demodu 
late the velocity modulated beam from said second gun 
to produce signals corresponding to the input signal, elec 
tron multiplier means comprising a plurality of dynodes 
in said evacuated envelope, the first of said dynodes being 
located in the path of the electrons from said demodulated 
means, successive ones of said dynodes being connected 
to the other plate of successive ones of said pair of plates, 
means biasing said dynodes successively more positive to 
cause electron multiplier action, said biasing means being 
correlated with said bias on said one plate of said succes 
sive pairs of said deflection plates to thereby center the 
electron beam from said first gun of said screen in the 
absence of input signals. 

12. In a device of the class described, in combination, 
an evacuated envelope comprising generally tubular por 
tions and a fluorescent screen in an enlarged portion of 
said envelope at one end of the axis of a first one of said 
tubular portions, a first electron gun at the opposite end 
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6 
of said first tubular portion, deflection means in the first 
said tubuluar portion for deflecting the electron beam 
from said first gun in one dimension across said screen, 
said deflection means comprising a plurality of pairs of 
deflection plates located along the axis of the beam from 
said first electron gun, said plates of said one side being 
biased successively more positive in the direction from the 
gun to the screen, a second electron gun in the second of 
said tubular portions, means in said second tubular por 
tion for producing a travelling wave of input signal 
energy to velocity modulate the beam from said second 
electron gun, means to apply an amplitude modulated 
signal to said travelling wave producing means, means 
located in said second tubular portion adjacent said trav 
elling wave producing means to demodulate the velocity 
modulated beam from said second gun to produce signals 
corresponding to the input signal, and electron multi 
plier means comprising a plurality of dynodes in said 
evacuated envelope, the first of said dynodes being lo 
cated in the path of electrons from said demodulating 
means, odd numbered ones of said dynodes starting with 
the dynode adjacent said demodulating means being made 
integral with successive ones of said deflection plate pairs 
to thereby deflect the beam from said first electron gun 
in accordance with the input signals. 

13. In a device of the class described, in combination, 
an evacuated envelope comprising generally tubular por 
tions and a fluorescent screen in said envelope at one 
end of the axis of a first one of said tubular portions, a 
first electron gun at the opposite end of said first tubular 
portion, deflection means in the first said tubular portion 
for deflecting the electron beam from said first gun in 
one dimension across said screen, said deflection means 
comprising a plurality of pairs of deflection plates lo 
cated along the axis of the beam from said first electron 
gun, said plates on said one side being biased successively 
more positive in the direction from the gun to the screen, 
a second electron gun in the second of said tubular por 
tions, means in said second tubular portion for producing 
a travelling wave of input signal energy to velocity 
modulate the beam from said second electron gun, 
means to apply an amplitude modulated signal to 
said travelling wave producing means, means located in 
said second tubular portion adjacent said travelling wave 
producing means to demodulate the velocity modulated 
beam from said second gun to produce signals corre 
sponding to the input signal, electron multiplier means 
comprising a plurality of dynodes in said evacuated en 
velope, the first of said dynodes being located in the path 
of electrons from said demodulating means, odd num 
bered ones of said dynodes starting with the dynode ad 
jacent said demodulating means being made integral with 
Successive ones of said deflection plate pairs, means biasing 
said dynodes successively more positive to cause electron 
multiplier action, said biasing means being correlated with 
said bias on said one plate of said successive pairs of said 
deflection plates to thereby center the electron beam 
from said first gun of said screen in the absence of input 
signals, whereby the beam from said first electron gun 
is deflected from a center position on said fluorescent 
screen in accordance with input signals. 
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