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Carence W. Haasel, Port Jefferson, N.Y., assigns 
Or to Radio Corporation of America, a corpo 
ration of Delaware 

Application March 15, 1940, Seria No. 324,058 
15 Claims. (Ct. 250-2) 

This invention relates to improvements in cath 
ode ray type electron discharge devices and cir 
cuits therefor, and particularly concerns a cath 
ode ray device wherein an electron stream is 
shifted between a pair of electron collecting elec 
es under the influence of a deflecting electric 
eld. 
An object of the present invention is to pro 

wide an electronic amplifier of alternating cur 
rents which is extremely sensitive and has a 
large ratio of controlled current and power to 
control current and power. 
Another object is to provide means for con 

tinuously increasing the angular defection of an 
electron bean during the interval of travel from 
the cathode to the electron collecting electrode. 
A further object of the present invention is 

to provide an electric field for a cathode ray tube 
of Such configuration that it continuously acts on 
the electron beam over the major part of its path 
of travel to increase the initial defection, and 
is only effective after the beat has been pulled 
of center. 
A Still further object is to provide a high fre 

quency amplifier of the electron beam type which 
has a greater Sensitivity and greater Control of 
the current and power in the tube than conven 
tional bean type tubes now in use. 

these objects and others will be more readily 
understood from a reading of the following de- : 
Scription which is accompanied by drawings, 
Wheren: 

Figs. , 4 and 6 illustrate different embodiments 
of cathode ray tubes exabodying the principles of 
the invention; 

Figs, 2 and 5 are fraginentary Cross-section 
views of Figs. 1 and 4, respectively, showing the 
positioning of the most important electrodes of 
the tubes and the electric field distribution there 
between; and 

Fig. 3 illustrates a cross-section of a modifica 
tion of the tube of Fig. 1. 

throughout the figures the same or equivalent 
parts are represented by the same reference nu 
Kerals. 

Referring to Fig. i. in more detail, there is 
shown a cathode ray tube having within a 
evacuated envelope an electron emitting cath 
ode 2, a deflecting plate electrode 3, a pair of 
rod-like electrodes 4, & Symmetrically positioned 
on opposite sides of the axis of the tube, a re 
tallic cylinder 5 surrounding the rod electrodes 
&, 4, a pair of electron collectors or anodes 6, 6, 
and an axially positioned shield or Screen plate 
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electrode for shielding the anodes from each 
Other. 
The cathode ray tube is illustrated as being 

used for the amplification of alternating cur 
rents, and has COnnected to it a suitable input 
circuit 8 extending to a source of signal waves 
to be amplified, not shown, and coupled via a 
parallel tuned circuit 9 to the deflecting plate 
electrode 3. The rod-like electrodes 4, 4 are 
each maintained at a relatively high positive po 
tential with respect to the cathode over individ 
ual paths which include leads 5, 5, resistors , 
?o and oppositesides of a potentiometer to an 
intermediate point of which is connected a lead 
2 extending to the positive terminal of a source 

of unidirectional potential 26. The anodes 6, 6 
are connected to the opposite terminals of po 
tentiometer over individually tunable Output 
circuits 3, 3, the latter being Coupled by means 
of transformer 4 to a suitable common utiliza 
tion circuit, not shown. The shield , cylinder 5 
and deflecting electrode 3 are maintained at sub 
stantially the same positive potential relative to 
the cathode although at a less positive potential 
than the rods 4, 4 and anodes 6, 6. 
The electric field distribution between the rods 

4, 4 and cylinder 5 is shown in Fig. 2 which illus 
trates a cross-section of the vacuum tube of Fig. 
1 along the dash lines 2-2. In Fig. 2, the elec 
tron bean which normally passes along the axis 
of the tube in the absence of defecting poten 
tials, is shown by the dotted circular lines in the 
center of the cylinder. It should be noted that 
the electric field is Substantially zero along the 
axis of the cylinder but increases rapidly between 
the axis and the rods 4, 4. Electrons traveling 
through the cylinder Which are not on the axis 
will therefore be deflected by the electric field 
toward one or the other of the rod-like electrodes 
6, 4. It will be evident that when the electron 
bean travels down the axis of the cylinder 5, its 
center line will be substantially unaffected by the 
electric field within the cylinder. However, if 
the the beam is deflected off the axis toward One 
or the other of the rod-like electrodes 4, 4, the 
beam will be acted on by the electric field to in 
crease the deflection. Putting it another Way, 
the initial deflection of an electron toward one 
rod 4 will cause a greater movement toward said 
one rod by virtue of the positive potential on this 
rod. The oppositely located rod & will not have 
an exact counter attraction on this electron be 
cause of the field distribution shown in Fig. 2. 
As soon as the electron is pulled or drawn of the 
8xis or center toward one rod electrode 4, the 
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force on this electron increases in a direction 
toward the Said One rod. 

In the Operation of the device and circuit of 
Fig. 1, the input energy on line 8, which is to 
be amplified, is impressed on tuned circuit 9 and 
causes deflecting electrode 3 to move the elec 
tron beam up or down toward One of the rod 
like electrodes 4. The initial deflection of the 
beam produced by the electrode 3 will then be 
increased by the action of the electric field in 
the manner described above, and the greatly 
increased deflected beam will inpinge predomi 
nantly on that one of the anodes 6 which is near 
est the rod 3 toward which the beam is mov 
ing. The electrodes 3, 4 are, of course, of Such 
length and the potentials applied are of such 
value that the electrons do not impinge on these 
electrodes but pass over the ends to be collected 
by anodes 6, 6. At extremely high frequencies 
there may be several Waves within the cylinder 
5 at any instant of time. These waves start with 
small amplitudes near the control electrode 3 
and then grow to be much larger Waves before 
the output end of the cylinder is reached. 
As an illustration of the increase in deflection 

of the bean obtainable by the tube of the in 
vention, given by way of example only for pur 
poses of exposition and not by way of limitation, 
if the control electrode potential On 3 can produce 
0.01 centimeter initial deflection then the electric 
field traversed by the beam night increase this 
deflection to say 0.1 centimeter or more. There 
fore, the corresponding gain in amplification may 
be, say, 10 to 1 in current or 100 to 1 in power, 
or more. This increase in amplification is effec 
tive substantially independently of the frequency 
of the currents to be amplified. 
The Separate connections (5, 5 to the rod-like 

electrodes and the potentionetter arrangement 
enables the direct current or low frequency po 
tentials derived from the anodes 6, 6, to control 
the average or direct current potentials on the 
rods 4, in a direction to keep the mean position 
of the center of the electron beam properly cen 
tered. As an illustration, assuming that one 
anode 6 tends to take more direct current than 
the other anode, then there will be a greater 
current fiOW and IR drop in one-half of the 
potentioneter and a corresponding lowering 
of the positive potential applied to that rod (3 
directly associated with the anode drawing the 
greater direct current. The frequency response 
of this beam centering arrangement is such that 
it does not affect deflections of the beam at the 
Operating frequency but only prevents deflec 
tions at lower frequencies and steady state de 
flections. 

If desired, the cylinder 5 may be flattened to 
take the approximate form of an ellipse in the 
manner shown in Fig. 3 without departing from 
the principles of the invention. It will be noted 
that the field distribution of Fig. 3 is substantially 
the same as that of Fig. 2. 
As a practical matter, the cylinder of Fig. 1 

and the ellipse of Fig. 3 can be dispensed with 
and two flat plates 8, 8 substituted therefor. 
One such arrangement, given by way of example, 
is shown in Fig. 4. The field distribution be 
tween rod-like electrodes 4, 4 and the plates is 
shown in Fig. 5 which represents a cross-section 
of the tube of Fig. 4 along the line 5-5. It will 
be evident that the field distributions of Figs. 2, 
3 and 5 are substantially similar and will cause 
similar effects On the electron beam. In Fig. 4, 
there is shown a tubular accelerating electrode 6 

O 

30 

40 

SO 

70 

75 

2,805,61? . 
which has integral therewith a circular shield 
for removing stray electrons. The electrode G 
and plates 9, 8 have suitable positive polarizing 
potentials applied thereto over leads 2 and 22 
which potentials may be of Substantially the same 
value although lower than the positive potential 
applied to rods (3, 4 and anodes 6', G'. The 
anodes 6, 6’ are shown as being hollow or cup 
shaped to minimize the effects of secondary emis 
sion and to insure that Secondary electrons do 
not extend beyond the confines of the anode 
structure. Of course, any other type of anode 
structure, such as a plate, can be used instead. 
The shield is somewhat different in form from 
shield of Fig. 1. Shield is maintained at e, 
positive potential relative to the cathode, and is 
composed of a central plate part 9 for enabling 
axially travelling electrons to impinge thereon, 
and upper and lower apertures 20 for enabling 
the deflected electrons to pass through the shield 
and to impinge on the anodes. The Operation of 
the System of Fig. 4 insofar as the present in 
vention is concerned is substantially identical 
with that of Fig. 1. 
Although rod-like electrodes 3, 4 of Figs. 1 to 5 

have been shown as being parallel to each other 
and perfectly straight, they can be arranged at 
a diverging angle and, if desired, curved slightly 
outward from the axis of the device to corre 
spond to the shape of the path of the beam. 

Fig. 6 shows a cathode ray tube in accordance 
with another embodiment of the invention, which 
functions by means of a magnetic field, instead 
of the electrostatic fields of Figs. 1 to 4. In Fig. 
6 there is provided a field coil 23 which replaces 
the cylinder, plates and rod-like electrodes of 
the other figures. Coil 23 is energized by a 
Source of unidirectional potential 28 and provides 
8, desired non-uniform fan-shaped magnetic field 
throughout the space traversed by the beam in 
the manner indicated by the dash lines, the in 
tensity of which increases toward the point of 
origin of the beam. It will be observed from an 
inspection of Fig. 6 that the direction of the 
field changes according to the distance from the 
axis. The field coil 23 provides the same result 
as the electrostatic field of Figs. to 5. 

prefer to call the circuit of my invention a 
'growing Wave amplifier' because the control po 
tentials on electrode 3 cause the electron stream 
O defect in Such a way as to produce a Wave 

in the stream which travels along the length of 
the tube with a Velocity equal to the Velocity 
of electrons in the stream. This Wave starts with 

5 small amplitude near the deflecting electrode and 
grows to be a very much larger Wave before the 
output end of the tube is reached. 
There is a crude analogy between the effect of 

the electric field in the cylinder increasing the 
Wave amplitude and an effect which might be 
produced with Surface Waves on Water. If We 
passed a strong current of air parallel to the 
Surface of Water in a long trough, this air would 
give little if any energy to the water so long 
as the water surface was perfectly smooth. How 
ever, if we deliberately produced small waves in 
the Water at the end of the trough from which 
the air comes, the presence of the waves would 
provide a coupling between water and air which 
Would cause the waves to grow in amplitude as 
they travelled down the trough. In this water 
Wave case we have another example of means 
to cause Waves deliberately produced to grow in 
strength with passage of time and distance but, 
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at all times, the waves are controllable by the 
input Wave power. 

It should be understood that the invention 
is not limited to the precise arrangements of 
parts shown and described since various modi 
fications may be made without departing from 
the spirit and scope of the invention. For exam 
ple, the cylinder 5 of Fig. 1 or the ellipse of Fig. 3 
can be dispensed with and at least a large part 
of the envelope made of metal, or the inner Sur 
face of the glass envelope can be coated with 
metal to simulate the metallic cylinder or ellipse. 
What is claimed is: 
1. The method of influencing a stream of 

electrostatically charged particles which com 
prises surrounding the stream Over the greater 
portion of its travel with an electric field whose 
transverse value is substantially zero along the 
normal axis of the stream and Whose intensity 
increases in at least one direction with distance 
from said axis, whereby an initial deflection of 
said stream in said one direction will produce 
an increase of deflection in the same direction 
as the electrons travel through Said field. 

2. In an electrical discharge device having 
means for producing a stream of charged par 
ticles along the axis of said device and means 
responsive to deflection of the stream in a par 
ticular plane, means for producing a transverse 
electric field around said Stream over the greater 
portion of travel of said stream and whose value 
is Substantially zero along the Said axis and 
which increases rapidly with distance from said 
axis along said plane, and means adjacent Said 
stream near the beginning of its travel and re 
sponsive to alternating currents for deflecting 
said stream in said plane, whereby a deflection 
of said stream caused by said last means will in 
crease in size as Said stream passes through Said 
field. 

3. In an electrical discharge device having a 
cathode for producing an electron beam along 
the axis of said device, a pair of anodes Syn 
metrically arranged on opposite sides of said axis, 
a defecting electrode adjacent Said beam and 10 
cated between said cathode and said anodes, and 
means also located between said cathode and 
said anodes for producing a substantially trans 
verse electric field, whose value is substantially 
zero along said axis and which increases rapidly 
in a predetermined plane at right angles to Said 
axis, said means including a pair of rod-like elec 
trodes symmetrically positioned in said plane on 
opposite sides of said axis, and connections for 
maintaining said rod-like electrodes at positive 5 
potentials relative to said cathode, said deflecting 
electrode functioning to deflect said beam in Said 
plane toward one or the other of said rod-like 
electrodes. 

4. In an electrical discharge device having a 
cathode for producing an electron beam along 
the axis of said device, a pair of anodes Symmet 
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rically arranged on opposite sides of said axis, 
a deflecting electrode adjacent said beam and lo 
cated between said cathode and said anodes, and 
means also located between said cathode and 
said anodes for producing an electrostatic field 
whose value is substantially zero along said axis 
and which increases rapidly in a predetermined 
plane at right angles to said axis, Said means 
including a pair of rod-like electrodes Symmetri 
cally positioned in said plane on Opposite sides 
of said axis, and a hollow tubular metallic Sur 
face surrounding said electrodes and coaxially 

70 

arranged with respect to the axis of said device, 

3 
connections from said rod-like electrodes and 
said tubular surface to sources of unidirectional 
potential for maintaining said elements at suit 
able polarizing potentials, said deflecting elec 
trode functioning to deflect said beam in said 
plane toward one or the other of said rod-like 
electrodes. 

5. Apparatus in accordance with claim 4, chair 
acterized in this that said hollow tubular sur 
face is a cylinder. 

6. Apparatus in accordance With claim 4, chair 
acterized in this that said hollow tubular Sur 
face has the form of an ellipse with its flat sides 
parallel to said predetermined plane. 

7. In an electrical discharge device having a 
cathode for producing an electron beam along 
the axis of said device, a pair of anodes sym 
metrically arranged on opposite sides of said axis, 
a deflecting electrode adjacent said beam and 
located between Said Cathode and Said anodes, 
and means also located between said Cathode 
and said anodes for producing an electrostatic 
field whose value is substantially Zero along said 
axis and which increases rapidly in a predeter 
mined plane at right angles to said axis, said 
means including a pair of rod-like electrodes 
symmetrically positioned in Said plane on Op 
posite sides of said axis, and parallel plate elec 
trodes also symmetrically position on opposite 
sides of said axis but in planes parallel to the 
plane containing said rod-like electrodes, said 
plate electrodes being substantially coextensive 
in length with said rod-like electrodes, and con 
nections from said rod-like electrodes and said 
plate electrodes to sources of unidirectional poten 
tial for maintaining said electrodes at suitable 
polarizing potentials. 

8. In an electrical discharge device having a 
cathode for producing an electron beam along the 
axis of said device, a pair of anodes Symmetrically 
arranged on opposite sides of said axis, a deflect 
ing electrode adjacent said beam and located 
between said Cathode and said anodes, and means 
also located between said cathode and said anodes 
for producing an electrostatic field whose value 
is substantially zero along said axis and which 
increases rapidly in a predetermined plane at 
right angles to said axis, said means including a 
pair of rod-like electrodes symmetrically posi 
tioned in said plane on opposite sides of said 
axis, one of said rod-like electrodes being on the 
same side of said axis as one anode while the 
other rod-like electrode is on the same side of 
said axis as the other anode, a potentiometer 
having opposite terminals Connected to said 
anodes and an intermediate point on said poten 
tioneter connected to the positive terminal of a 
source of unidirectional potential, a connection 
from a negative terminal of said source to said 
cathode, and a connection from each of said rod 
like electrodes to that terminal on said poten- . 
tioneter to which the correspondingly located 
anode is connected, whereby the unidirectional 
potentials on said anodes automatically control 
the average direct current potentials on said rod 
like electrodes for maintaining the normal direc 
tion of Said beam along said axis in the absence 
of deflecting potentials. 

9. Apparatus in accordance with claim 8, in 
cluding a shielding plate positioned between said 
anodes and in the plane of said axis. 

10. The method of influencing a stream of elec 
trically charged particles which comprises sur 
rounding the stream over the major part of its 
travel with an electric field which is constant 
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along the airection of said travel and zero on the 
axis of said stream but whose intensity varies in 
at least one direction in accordance with the dis 
tance from the normal axis of the stream, and 
deflecting said stream, near the beginning of its 
travel in said one direction, whereby said field 
produces a constantly increased deflection in the 
same direction. 

11. In an electrical discharge device having a 
cathode for producing an electron beam along the 
axis of said device, a pair of anodes symmetrical 
ly arranged on opposite sides of said axis, a de 
flecting electrode adjacent said beam and located 
between said cathode and said anodes, and means 
located between said deflecting electrode and 
said anodes for producing a substantially trans 
verse electric field whose value is substantially 
zero along said axis and which increases rapidly 
in a predetermined plane at right angles to said 
axis, said means including a pair of rod-like elec 
trodes symmetrically positioned in said plane on 
opposite sides of said axis, and connections for 
maintaining said rod-like electrodes at positive 
potentials relative to said Cathode, said deflecting 
electrode functioning to deflect said beam in said 
plane toward one or the other of said rod-like 
electrodes. 

12. In an electrical discharge device, means for 
producing a beam of electrons substantially along 
a line through the center of said device, and 
means including a pair of electrically conducting 
surfaces on opposite sides of said beam and main 
tained at a predetermined unidirectional poten 
tial for producing an electric field around said 
beam for a substantial portion of the path of 
travel of said beam and which field has the foll 
lowing characteristics: (a) is substantially zero 
along the axis of said beam; (b) is effective only 
after the beam has been deflected from said axis; 
and (c) ihas a component in One direction trans 
verse to the axis which increases with distance 
from said axis, and an electron deflecting element 
positioned near the beginning of the path of 
travel of said beam through said electric field, 
whereby the electric field continuously acts to in 
crease the initial deflection of said beam. 

13. In an electrical discharge device, means in 
cluding a cathode for producing a beam of elec 
trons substantially along a line through the 
center of said device, and means near said 
cathode for deflecting said beam, and means for 
enhaucing the deflection caused by said deflecting 
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means, said deflection enhancing means, includ 
ing a pair of surfaces on opposite sides of said 
beam and maintained at a predetermined unidi 
recticnal potential, producing an electric field 
around said beam for a substantial portion of the 
path of travel of said beam and which field has 
the following characteristics: (a) is substantial 
ly zero along the axis of said beam; (b) is effec 
tive only after the beam has been defected from 
said axis; and (c) has a component in one direc 
tion transverse to the axis which increases with 
distance from said axis, 

14. In an electrical discharge device having 
means for producing a beam of electrons, a pair 
of anodes Symmetrically positioned on opposite 
sides of the normal path of travel of said beam 
when said beam is undeflected, means for shield 
ing said anodes fron one another, a deflecting 
element adjacent said beam and located between 
Said Cathode and said anodes, and means located 
between said deflecting element and said anodes 
for producing a substantially transverse electric 
field whose value is substantially zero along said 
axis and which increases rapidly in a predeter 
mined plane at right angles to said axis, said 
means including a pair of rod-like electrodes 
symmetrically positioned in said plane on oppo 
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site sides of said axis, and connections for main 
taining said rod-like electrodes at positive poten 
tials relative to said cathode, said deflecting ele 
ment functioning to deflect said beam in said 
plane toward one or the other of said rod-like 
electrodes. 

15. In a cathode ray device, means including a 
cathode for producing a beam of electrons, means 
for deflecting said beam, and means for enhanc 
ing the deflection caused by said deflecting means 
comprising a pair of spaced metallic elements 
Symmetrically positioned and oppositely disposed 
with respect to the normal path of travel of said 
beam and extending over the major portion of the 
path of travel of said beam, and a pair of Spaced 
metallic surfaces symmetrically positioned and 
oppositely disposed with respect to said beam, but 
located on a line at right angles to an imaginary 
line Joining said pair of elements, said pair of 
surfaces having a length at least as long as said 
pair of elements, said surfaces being maintained 
at a potential which is positive relative to said 
Cathode but less positive than the potential on 
said pair of elements. 

CARENCE W. HANSELL. 


