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This invention relates to Electron Coupling Systems. 
More particularly it has to do with systems for trans 
ferring signal energy to or from electron beams. This 
application is a continuation-in-part of application Serial 
No. 738,546, filed May 28, 1958, entitled Electronic Sig 
nal Amplifying Methods and Apparatus, and assigned to 
the same assignee as the present application. 

In the aforesaid parent application there are disclosed 
a variety of signal amplifying devices. In general, these 
devices include an electron source for projecting an elec 
tron beam along a predetermined path terminating in a 
collector for the beam. Spaced along the beam path be 
tween Source and collector are several components in 
cluding means disposed along a first portion of the path 
and responsive to applied signal energy for modulating the 
beam. Next along the path toward the collector are 
means for expanding the beam modulation after which 
signal energy is extracted from the expanded beam modu 
lation. The preferred forms disclosed in the parent ap 
plication are those which parametrically amplify electron 
signal motion. While the coupling system of the present 
invention is suitable for use with a wide variety of elec 
tron beam signal amplifying apparatus, it is disclosed here 
in for purposes of illustration as employed in the appa 
ratus of the parent application and also as employed in the 
copending application of Glen Wade, Serial No. 747,764, 
filed July 10, 1958, entitled Parametric Amplifier, and as 
signed to the same assignee as the present invention. 
Although not restricted thereto, the coupling system 

of the present invention has especial value when utilized 
with high-gain low-noise amplifiers and related devices. 
One Such device is the fast-wave parametric amplifier. 
in that device, gain is achieved by the use of a modula 
tion expander which includes means for creating in the 
beam path a field establishing electron resonance for 
beam electrons, the electrons in addition being subjected 
to a time variable inhomogeneous field. Cooperating 
with the expander are input and output couplers for sup 
plying energy to the beam and deriving amplified energy 
from the beam, respectively. 
An amplification system such as the just-mentioned 

parametric amplifier is capable of amplifying signals over 
a wide range of frequencies. In many instances it is de 
sirable to limit the range of frequencies supplied to the 
beam in order to avoid amplifying undesired signals. On 
the other hand, in Such cases it is usually desirable to 
accept and amplify a certain limited range of frequencies. 
One Way of achieving these ends is to employ a band 
pass filter in the input coupling system. 

In the process of amplifying signals in parametric and 
other types of electron beam amplification devices, sig 
nals are sometimes developed at other than the desired 
signal frequencies. As in the input coupling system, the 
output coupling System may likewise advantageously em 
ploy a band pass filter preferably centered upon the middle 
of the desired pass band. 

It is accordingly a general object of the present in 
vention to provide apparatus for transferring signal en 
ergy between a signal device, such as a source or load, and 
an electron beam while yet discriminating against un 
wanted signal frequencies. 

It is another object of the present invention to provide 
an electron beam coupling system which is especially 
Suitable for use with parametric amplifiers and the like. 
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A still further object of the present invention is to 

provide an electron beam coupling system which acts as 
a wave filter while requiring a minimum number of 
physical components. 
An electron beam coupling system constructed in ac 

cordance with the present invention serves as a filter for 
transferring signal energy between a signal device and 
an electron beam traversing a predetermined path. The 
filter includes means for establishing resonance of elec 
trons in the beam and means constituting a filter element 
coupled to the beam. The latter is coupled to the signal 
device by means including an impedance inverting net 
Work. This coupling system takes advantage of and uti 
lizes the equivalent characteristics of the electron beam 
itself as part of a combination of elements uniquely inter 
coupled to provide a wave filter of desired characteristics. 
The features of the present invention which are be 

lieved to be novel are set forth with particularity in the 
appended claims. The organization and manner of op 
eration of the invention, together with further objects and 
advantages thereof, may best be understood by reference 
to the following description taken in connection with the 
accompanying drawings, in the several figures of which 
like reference numerals identify like elements and in 
which: 
FIGURE 1 is a schematic diagram of one general form 

of apparatus embodying the present invention; 
FIGURE 2 is a more detailed schematic diagram of 

electron beam coupling apparatus utilized in the embodi 
ment shown in FIGURE 1; 
FIGURE 3 is a simplified schematic diagram of the 

coupling apparatus shown in FIGURE 2; 
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FIGURES 4 and 5 are equivalent circuit diagrams of 
the apparatus schematically shown in FIGURE 3; 
FIGURE 6 is a longitudinal cross-sectional view of a 

parametric amplifier constructed to utilize the coupling 
apparatus of FIGURES 2 through 5; 
FIGURE 7 is a cross-sectional view taken along the 

lines 7-7 in FIGURE 6: 
FIGURE. 8 is a longitudinal cross-sectional view of 

coupling apparatus advantageously utilized with the para 
metric-amplifier shown in FIGURE 6 as well as with vari 
ous other amplifiers as discussed with respect to FIGURE 
1; and 
FIGURE 9 is a cross-sectional view taken along the 

lines 9-9 in FIGURE 8. 
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In general, an electron-signal-motion expander is as 
sociated with means for modulating with signal energy an 
electron beam projected along a reference path and means 
for demodulating the amplified signal motion. As illus 
trated in FIGURE 1, an electron beam is projected along 
a reference path 10. The electron source for producing 
the beam may be entirely conventional and preferably 
includes the usual cathode together with suitable focusing 
and accelerating electrodes for developing a well defined 
beam of electrons. A collector may be disposed at the 
end of the path remote from the electron source and may 
conventionally include an anode biased at a positive po 
tential. 

Disposed in a first portion of beam path 10 is a modu 
lator 11 coupled to a signal source 12 by means including 
an input transformer 13. Modulator 11 is an electron 
coupler capable of imparting energy to the electron beam 
in response to signal energy received from source 12. 
While modulator 1 may take various forms it preferably 
includes means, such as a magnetic or electrostatic field, 
for establishing an electron resonant frequency for beam 
modulation electron motion. A typical such assembly, for 
transverse electron motion, includes a solenoid surround 
ing the beam to establish lines of magnetic flux parallel 
to the beam path and of a strength establishing a selected 
cyclotron frequency for electron motion. Modulation 



3,078,988 
3 

signals derived from source 2 and having a frequency 
similar to the cyclotron frequency cause the electrons in 
the beam to orbit in an expanding helical path. The am 
plitude of the modulation signal energy in this particular 
modulator is represented in the beam by the radius of 
orbital motion as the beam leaves the modulator. 
A variety of several known energy transfer mechanisms, 

including, for the case of transverse motion, transmis 
sion lines and deflection plates spaced alongside the beam, 
may be utilized to modulate the beam with energy from 
source E2. As illustrated, modulator 11 includes a pair 
of deflector plates 4 and 5 located individually on op 
posite sides of beam path . As will be explained in 
more detail below, input transformer 13 preferably in 
cludes means to match the impedance of source 12 to that 
presented by deflectors 14 and 15. 
To establish an electron resonant frequency approx 

imately equal to the signal frequency along beam path 10, 
the space between electrodes 14 and 15 is subjected to a 
magnetic field of a strength sufficient to establish for elec 
trons in the beam an electron resonance or cyclotron fre 
quency approximately equal to that of the source signal. 
To this end, deflectors 4 and 15 are placed within a sole 
noid indicated schematically by the arrow H. 

Following input modulator 11 and disposed alongside a 
second portion of beam path 10 beyond modulator is 
an electron modulation expander 16. On beyond ex 
pander 16 is a demodulator 17 disposed alongside a third 
portion of beam path 10 and coupled by an output trans 
former 18 to a load 19. Demodulator 17 may for con 
venience be identical with modulator 11 although other 
appropriate electron couplers may be utilized. As illus 
trated in FIGURE 1, demodulator 17 therefore includes 
receptor electrodes 20 and 21 which preferably are iden 
tical with electrodes 14 and 15. 
The portion of the electron beam path disposed between 

electrodes 20 and 21 is likewise subjected to a magnetic 
field of a strength to establish for electrons in the beam 
a cyclotron frequency approximately equal to the fre 
quency of electron signal motion within the demodulator. 
As in modulator 11, this field may be created by an or 
dinary solenoid coil encircling electrodes 20 and 2 as 
indicated by the arrow labeled H2. As discussed in more 
detail in the parent application, the disclosure of which is 
incorporated herein by reference, it is often convenient 
to dispose the entire length of the apparatus within a 
single Solenoid producing a constant homogeneous mag 
netic field throughout the beam path. However, sep 
arate solenoids may be disposed when different field 
strengths are required as when demodulator 7 is of a 
type of beam interaction device different from modulator 
1. 

Load 19 is coupled to demodulator 17 through output 
transformer 18 in a manner similar to that for the coupling 
between source 12 and modulator 11. Operation of de 
modulator 17 is the reverse of that of modulator 11. Mo 
tion of the electrons in the beam reacts with demodulator 
17 to transfer energy from the beam to the demodulator 
from where it is fed to load 19. 

In the disclosed apparatus it is preferred to remove en 
ergy components, at least those corresponding to the 
modulating mode effected by modulator 11, existing in the 
beam as it enters the modulator. Such energy compo 
nents may constitute excess noise which otherwise would 
be present in the derived output signal. This noise is 
carried by the electron beam and appears as energy com 
ponents which are added to the signal components; typical 
of such electron beam noise is that originating in the 
electron soure. Additional beam component energy may 
also be present in the form of other signals applied to the 
electron beam prior to its passage through modulator 11. 
To the end of removing such signal component energy, 
modulator 11 is preferably constructed to interact with the 
fast electron wave. 
Two distinct electron waves can exist in an electron 

O 

5 

20 

25 

30 

35 

45 

50 

55 

60 

65 

70 

75 

4. 
beam at a given frequency. As discussed in more detail 
in the aforesaid co-pending parent application, the circuit 
wave may be either faster or slower than the beam. A 
simplified interpretation of the electron-wave action is de 
veloped in the parent application by considering the elec 
tron beam as subject to a restoring force derived from the 
focusing field in transverse-field tubes and the space charge 
in longitudinal-field tubes. This restoring force enables 
each electron in the beam to oscillate about its rest posi 
tion in the beam at a frequency referred to as the plas 
ma frequency in longitudinal-field tubes and as the pre 
viously mentioned cyclotron frequency or transverse-reso 
nant frequency in transverse-field tubes. 
When the circuit wave is faster than the beam, the phase 

relationships between the circuit wave and the electron 
motions are such that when the signal on the circuit aug 
ments the motion on the electron beam that same motion 
has the effect of reducing the signal on the circuit and 
vice versa. 

Therefore, by utilizing fast wave interaction a desired 
signal may be transferred to the beam while noise com 
ponents are extracted therefrom. 

In order then to take advantage of this fast electron 
wave or noise absorption phenomenon, for transverse 
mode modulation the interaction elements of modulator 
ili have an effective electrical length along beam path 
10 such that all fast wave energy components originally 
in the beam are transferred to the modulator circuit 
while energy from signal source 2 is transferred to the 
beam. To achieve this result, the modulator is loaded 
by a proper matching resistance. That is, source É2 
is matched to the beam through transformer i3 and 
modulator 14; with the beam optimumly loaded, the 
noise is stripped therefrom. In consequence, the elec 
tron beam leaving input modulator and traveling 
toward modulation expander 16 contains energy corre 
sponding to the signal energy supplied by source E2. 
while containing but a minimum, if any, other fast wave 
energy such as that originally appearing on the beam in 
the form of noise. Preferably, electrodes 4 and 15 
also have an effective electrical length equal to an in 
tegral multiple of the slow wavelength in order to 
minimize interaction with the slow electron wave. 

in order to obtain useful gain, the modulation im 
posed upon the bean in modulator 16 is expanded. 
That is, expander 16 produces amplification by impart 
ing energy to the electron signal motion. The energy 
from which gain is derived is supplied by an external 
source in a form which preferably minimizes the trans 
fer to the beam of noise components present in the ex 
ternal source, at least in the modulation mode to which 
demodulator 17 is responsive. With parametric ampii 
fication, the beam electrons are subjected to an electron 
suspension or restoring-force field within expander 6 
and the stiffness of the suspension is periodically varied 
in phase with electron motion components so as to im 
part energy to the electron motion. Briefly, this is 
achieved by subjecting the electron beam to a time-vary 
ing inhomogeneous field during its passage through mod 
ulation expander 16. 
The theory of such parametric modulator expansion 

and a considerably more detailed discussion of apparatus 
embodying these principles is presented in the aforesaid 
parent application. The parent application also dis 
closes in more detail modulation expanders other than 
those employing the principles of parametric amplifica 
tion and with which the coupling system of the present 
invention may advantageously be utilized. It is there 
fore unnecessary for the present to describe in any more 
detail the nature of the apparatus and the operation of 
expander 16. Moreover, the electron beam coupling 
system of the present invention may be utilized most ad 
vantageously with any of a large variety of electron 
beam devices wherein signal energy appearing as motion 
of beam electrons is amplified. One example of such 
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devices is the now conventional traveling wave tube; in 
the traveling wave tube, however, it is the slow-wave 
energy which is amplified as a result of which the cou 
pling system does not coact with the electron beam to 
ininimize noise in the manner described above. Never 
theless, useful application of the coupling system may be 
had in such devices in order to control and establish the 
pass-band of the signal channel. 
The coupling system of the present invention is em 

ployed to transfer signal energy between a signal device 
and the electron beam. Thus, it may be employed and 
associated with and as a part of either or both of modu 
lator ii and demodulator 7. For convenience of dis 
cussion, when reference is made below to the electron 
coupler, it will be understood that either modulator if 
or demodulator 7 is intended. While deflection plates 
i4 and 15 are illustrated and referred to in the discussion 
of FIGURES 2-5 and signal source 2 is therein illus 
trated as coupled to these deflectors, it will likewise be 
understood that the discussion applies with equal force 
when receptors 20 and 2i are substituted for deflectors 
14 and 15 and load 9 is substituted for signal source 
12 with output transformer 18 being identical to input 
transformer 3. 

In accordance with the invention, the physical cou 
pling elements disposed alongside beam path i0 are in 
tercoupled to constitute a filter element coupled to the 
beam for which resonance of the electrons therein has 
been established. The invention resides in a recogni 
tion and use of certain characteristics of the electron 
beam itself, and more especially of the resonant electrons 
thereof. The coupling system devised transforms in 
ductive and capacitive properties of the resonant beam 
and utilizes them as wave-filter elements. To these ends, 
an inductor 23 is coupled between deflectors 4 and 5 
and is assigned a value which together with the capaci 
tance presented by the deflectors constitutes an anti 
resonant circuit tuned approximately to the frequency of 
signals from source 12. The system further eraploys 
means, including an impedance inverting network, cou 
pling the beam-coupled means to the signal device, in this 
instance to source 12. Accordingly, anti-resonant circuit 
24, comprising inductor 23 and deflectors 4, 5 is 
coupled to one end of a transmission line 25 of an elec 
trical length equal to one-quarter wave length at the 
signal frequency. Line 25 is coupled at its other end, 
preferably by means to be described, to source 2. As 
is well understood, per se, a quarter-wave transmission 
line serves to invert the impedances at one end of the 
line as seen from its other end, and it is often referred 
to as a quarter-wave transformer. 

According to a further aspect of the invention, line 
25 is coupled to Source 12 through a second anti-resonant 
circuit 26 tuned approximately to the signal frequency. 
It is well understood by those skilled in the art that anti 
resonant circuits may take a variety of forms such as 
cavities resonant at the signal frequency, transmission 
lines similarly tuned and lumped combinations of an 
inductance and a capacitance having values assigned to 
constitute a circuit parallel resonant at the signal fire 
quency. All of these devices may be schematically rep 
Tesented for ease of understanding by Such an induc 
tance and capacitance. Hence, circuit 26 is illustrated 
in FIGURE 2 as comprising an inductor 27 and a 
capacitor 28. 

Line 25 and signal source 12 are coupled to circuit 26 
by Suitable taps along inductor 27. Similarly, line 25 
is at its other end tapped onto inductor 23 of anti 
resonant circuit 24 which, although illustrated and de 
Scribed in the form of lumped inductance and capacitive 
elements, may likewise in different apparatus take the 
form of Such other anti-resonant devices as cavities and 
transmission lines; the latter, for example, are especially 
suitable for modulating and demodulating an electron 
beam in which signal motion is represented by movement 
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6 
of the electrons back and forth along the axis of beam 
movement as in the above-mentioned longitudinal-field 
tubes employing space charge waves and in which the 
electrons are resonantly suspended to have a plasma fre 
quency analogous to the cyclotron frequency of the de 
vice described with respect to FIGURE 1. 

In order to properly match the impedance of signal 
source 12 to that of impedance inverting network 25 and 
in turn to the electron coupler, the positions of the taps 
on inductors 23 and 27 preferably are adjustable or at 
least are initially adjusted to achieve this end. In addi 
tion, anti-resonant circuit 26 preferably serves as a bal 
ance converter when, as in the present instance, source 12 
is single-ended or unbalanced. 

Since the achievement of impedance matching by ad 
justing such taps forms no part, per se, of the present in 
vention, for convenience of further discussion FIGURE 
3 illustrates the circuit of FIGURE 2 without the im 
pedance-matching taps, thus assuming that source 2 is 
So coupled and its impedance so adjusted that a proper 
match is obtained. Consequently, signal source 2 is 
shown as inductively coupled to circuit 26 through a wind 
ing 29. Otherwise, FIGURE 3 includes the same ele 
ments described with regard to FIGURE 2. It should be 
remembered, however, that when fast-wave noise re 
moval is contemplated, impedance matching must be 
optimized to fully load the electron beam at the fre 
quency or frequencies for which noise stripping is to be 
had. 
The characteristics presented by the resonant electrons 

of the beam may be represented by the series combina 
tion of an inductance 30, a capacitance 31 and a resist 
ance 32 coupled across resonant circuit 24, as depicted in 
FIGURE 4 wherein circuit 24 is represented by a capaci 
tor 14, E5 shunting inductor 23. Signal source 2 is de 
picted in FIGURE 4 as including a resistance 33 repre 
Senting the internal source resistance. Thus, FIGURE 4 
illustrates schematically the complete coupling system of 
the present invention including the resonant electron beam 
represented by elements 30-32, anti-resonant circuit 24, 
quarterWave transformer 25 and anti-resonant circuit 26, 
source i2 being coupled across the latter. 

Quarter-wave transformer 25 has such properties that 
it inverts the impedances presented by resonant circuit 24 
and the electron beam as seen by source 12. That is, as 
depicted in FIGURE 5, source 2 is presented first by anti 
resonant circuit 26 following which it sees the series 
combination of an inductor 4, 15 and a capacitor 23, the 
inverted impedances of capacitor 14, 15 and inductor 23. 
Beyond the latter series combination, source 2 sees the 
shunt combination of an inductor 31 and a capacitor 30 
corresponding to the actual effective series combination 
of inductor 30 and capacitor 32 shown in FIGURE 4. 
Finally, resistance 32, the load resistance of the beam, 
appears in shunt across the parallel combination of in 
Verted inductance 31 and capacitance 30. Whereas cir 
cuit 24 is actuality is anti-resonant at the signal fre 
quency, it appears to the source as a series resonant cir 
cuit tuned to the signal frequency. Similarly, the actual 
effective series circuit of inductance 30 and capacitance 
3i, Series resonant at the signal frequency, appears to 
Source 2 as an anti-resonant circuit comprising induct 
ance 3 and capacitance 30. 
The schematic diagram of FIGURE 5 will immedi 

ately be recognized as constituting a pi-section wave filter 
including two shunt arms on either side of a series arm, 
all arms being tuned to resonance at the signal frequency. 
The Wave filter presents to the source a well-defined pass 
band centered about the signal frequency. Thus, the in 
vention produces one arm of the filter without the nec 
essity of providing actual physical components therefor 
by taking advantage of the characteristics of the resonant 
electron beam through a unique arrangement and associa 
tion of the other components of the filter. The filter may 
be designed to have a particular pass band, eliminating 
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transfer of energy at all cther frequencies. For exam 
ple, when in use with a parametric amplifier it may ad 
vantageously have a width just sufficient to transfer ener 
gy at the signal and idler frequencies. 
As a further example of the practical application of 

the invention, FGURES 6 and 7 depict another form of 
parametric amplifier employing the principles described 
in the aforementioned parent application and which form 
is specifically described in the aforesaid copending appli 
cation of Glen Wade. The entire assembly of this de 
vice is disposed fongitudinally within an elongated evac 
uated envelope 00 through the opposite ends E 01 and 
i32 of which suitable electrical connecting leads project. 
Disposed near end i82 is an electron gun assembly 03. 
The electron gun includes a tubular cathode (24 sup 
ported by a ceramic wafer i05 from a metal annulus 06 
through which an end of cathode 104 freely projects and 
on which end a cap is disposed and exteriorly coated with 
an electron emissive material 167 which when heated by 
heater 108 emits electrodes outwardly therefrom. Spaced 
beyond cathode 64 is another metallic annulus 110 form 
ing with annulus 106 a cage substantially confining cath 
ode 104 except for the exposed coating 107. Spaced in 
front of emissive coating 07 is a metalic wafer 109 hav 
ing an aperture aligned with the axis of cathode 104 and 
beam path 10 to limit and define the width of an electron 
beam projected through the aperture. Next beyond 
wafer 109 is an accelerator electrode 11 in the form of 
a metal disc also having an aperture centered on beam 
path 10 to accept and pass the electron beam. Succes 
sively spaced beyond accelerator 11 are first and second 
focusing electrodes i12 and 13 likewise having respec 
tive apertures centered on beam path 0 and serving in 
operation to properly form the beam so that it emerges 
from the electron beam assembly traveling in a direction 
parallel to beam path i9. 

Just beyond electron gun 103 is modulator 11, the elec 
trode configuration of which is shown more clearly in 
FIGURE 7. In modulator 11 deflectors 14 and 15 are 
formed of individually outwardly facing channel mem 
bers spaced on opposite sides of the beam path. Induc 
tor 23 is coupled across the deflectors and transmission 
line 25 is tapped across intermediate turns of inductor 23. 

In the next portion of the beam path outwardly from 
electrode beam gun 103 is expander 16. in this instance, 
the expander is a quadrupole composed of four sym 
metrical generally hyperbolically shaped electrodes 20 
each having portions facing beam path 10 and outwardly 
projecting terminal portions projecting away from the 
beam path and across respectively adjacent ones of which 
inductors 123 are individually coupled to tune the quad 
rupole to a frequency of twice the cyclotron frequency 
established by the magnetic field in which the device is 
placed during operation. A suitable connecting lead (not 
shown) is connected to the mid-point of one of the in 
ductors to permit the application of a D.C. potentiai to 
the quadrupole. A conductive loop is coiled coaxially 
around another one of inductors :23 for feeding energy 
from the external signal source to the quadrupole. Pref 
erably, opposite ones of the quadrupole electrodes are 
strapped together to enforce operation in the pi mode. 
On beyond expander 6 is demodulator 7 which as 

illustrated is identical in construction with modulator ii. 
Accordingly, receptors 20 and 2i are disposed on opposite 
sides of the beam path and the load is coupled to the 
receptors by means of a transmission line in a manner 
similar to that shown in FIGURE 7. Just beyond demod 
ulator 7 is an apertured electrode 33 with its aperture 
centered on beam path 10 and which during operation 
serves as a suppressor electrode. Finally, the electron 
beam is collected by an anode 34 disposed transversely 
of beam path 10 beyond the aperture in suppressor 133. 
The entire assembly is supported within envelope 00 

by menas of four ceramic rods 36 symmetrically dis 
posed about beam path it and extending throughout all 
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3. 
of the various electrodes and through suitable insulating 
discs 37 in which the modulator, expander and demodu 
lator electrodes are secured. The various different elec 
trodes are separated by suitable ceramic washers as at 
i38 encircling ceramic rods 136 between the different 
electrodes; discs 37 are separated by similar ceramic 
sleeves as at 39. The entire assembly is held tightly 
together by means of compression springs 49 acting be 
tween a collector mounting plate 141 and a washer 42 
pinned to ceramic rods 36. Of course, suitable internal 
leads are brought out from the various electrodes to the 
terminals projecting through the base presses. While a flat 
press is shown in end 62, it is preferred to use a round 
button as in end Gi in order to reduce interlead capaci 
Eace. 

in a successfully operated amplifier constructed as illus 
trated in FIGURES 6 and 7, electron gun 63 includes a 
cathode emitting electrons at a current density of about 
100 m.a./cm., perhaps 99% of which is intercepted by 
current control element 189. The apertured discs suc 
cessively spaced in front of the cathode are energized at 
respective potentials of about 9, 150, 15 and 7 volts posi 

By slightly varying the 
relative potentials it is possible to obtain a beam having 
characteristics resembling Brillouin flow. 
The deflectors and receptors respectively in the modu 

lator and demodulator are spaced apart 0.030 inch and 
the intermediate portions of the expander electrodes fac 
ing the beam form a square 0.080 inch on each side. In 
order that the expander acts on at least four orbits of 
signal motion to obtain substantial gain, the length of 
electrodes 120 is 0.400 inch, the same as the length of the 
modulator and demodulator electrodes. The apertures 
in the support washers 137 have a diameter of 0.100 
inch. The entire structure is sealed within an envelope 
one inch in diameter. 

In operation, the input and output couplers are tuned 
to 560 megacycles by coils, such as coil 23 in the modula 
tor, having about nine turns each. The effective capacity 
of these resonators in the modulator and demodulator 
is found to be less than one mmfd. and their unloaded 
Q is about 250. The quarterwave transformers, such as 
line 25, are constructed of 300 ohm transmission lines 
matched to the couplers which present an impedance of 
about 8,000 ohms at 40 microamps beam current; so 
loaded the effective Q is about 20. Coils 123 tune the 
quadrupole to 1120 megacycles, the frequency of the 
driving signal source coupled thereto. 
The tube is placed within a homogeneous magnetic 

field adjustable to permit variation above and below 
a strength of approximately 200 gauss. It has been found 
in operation that the D.C. potential applied to the cou 
plers of the modulator and demodulator has no critical in 
fluence on performance; it is approximately six volts. The 
D.C. potential applied to the quadrupole has been found 
to be somewhat more critical and in general is of a value 
of between 4 and 7 volts. The collector voltage is 200 
volts, all voltages discussed being positive with respect 
to the cathode. 

While, as discussed above, anti-resonant circuit 26 may 
take a variety of forms, a practical mechanical assembly 
is illustrated in FIGURES 8 and 9. The assembly in 
cludes a cylindrical metal housing 59 closed at one end 
by a metallic wafer 51 having two cylindrical openings 
52 communicating with the interior of housing 50. 
Spaced from wafer 5, within housing 50 is a wafer 53 
of insulating material having a pair of apertures 54 
aligned with apertures 52. Extending through, between 
and a short distance beyond the mutually remote faces 
of wafers 51 and 53 are a pair of hollow metallic cylin 
ders 56, the latter having mutually facing narrow slots 
57 located within housing 50 near wafer 51. Disposed 
within cylinders 56 and projecting through wafer 5 are 
a pair of metallic tubes 58 bridged across their ends ex 
terior of housing 56 by a metallic disc 59. A coaxial cable 
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60, for connection to signal source 12 at its remote end 
(not shown), is coupled to tubes 58. Its outer conductor 
or braid 61 is electrically connected as by soldering to 
disc 59. Its inner conductor 62, encased within an in 
Sulating sleeve 63, is led through one tube 58 and ter 
minates at a position adjacent the slot 57 therein. The 
terminal end of conductor 62 is electrically connected 
by a strap 65 to the other tube 58. 

Projecting through wafer 53 and slideably disposed 
within cylinders 56 are a pair of metallic rods 67 bridged 
at their outward ends by an insulating block 68. Pro 
jecting on outwardly of housing 50 for ease of moving 
rods 67 in and out of cylinders 56 is a rod 69 of insulat 
ing material. Electrically coupled to the outward ends 
of rods 67 and projecting alongside each rod on the 
mutually facing sides thereof are a pair of metallic 
plates 70. 

Slideably telescoping over the exterior surface of hous 
ing 50 is a sleeve 72. Sleeve 72 carries a block 73, af 
fixed to the sleeve by screws 74, projecting through and 
sliding in a rectangular slot 75 cut longitudinally in hous 
ing 50. Extending through an opening 77 in sleeve 72 
and through block 73 are a pair of wire leads 78. Slot 
77 is located symmetrically with respect to cylinders 56 
to individually position the inner end portions of leads 78 
in frictional contact with cylinders 56. 

It will be observed that movement of rods 67 in and 
out of housing 50 varies the effective electrical length 
as well as the actual mechanical length of a transmission 
line matching section composed of rods 67, cylinders 56 
and metallic washer 51. Plates 76 present additional 
capacitance in the line, having the effect of rendering it 
electrically longer. In electrical effect, this transmission 
line section represents anti-resonant circuit 26 the opera 
tion of which was explained above in detail with regard 
to FIGURES 2 through 5. It may be tuned to the de 
sired signal frequency by movement of rods 67 in or 
out of cylinders 56. 
By varying the amount by which tubes 53 project 

within cylinders 56, the distance between intercoupling 
strap 65 and disc 51 is varied to permit adjustment of the 
impedance match between cable 69 from source 12 and 
the transmission line section forming circuit 26. This 
is shown schematically in FIGURE 2 by the adjustable 
tap in the coupling circuit between source i2 and in 
ductor 27. 

Line 25 (of FIGURE 2) is coupled to the transmission 
line section by slider leads 78. Movement of leads 78 
relative to cylinder 56 serves to vary the match between 
line 25 and modulator 11 by permitting connection be 
tween line 25 and the transmission line section at a 
point on cylinders 56 of the latter presenting the proper 
matching impedance. The output as taken by sliding 
leads 78 is balanced. The input as presented by cable 
60 is unbalanced. However, the input coupling System : 
including rods 58, inner conductor 62 and strap 65 serves 
as a balance converter to properly couple the unbalanced 
input to the balanced output. 

Quarter-wave transformer 25 serves an additional pur 
pose, one arising from practical necessity perhaps but yet 
one which is satisfied without additional components. Of 
course, signal source 2 is located externally of the en 
velope enclosing the amplifier. While certain of the ele 
ments described including line 25 and anti-resonant cir 
cuit 26 may be incorporated entirely within the envelope 
housing the electron beam device, it is more convenient 
to the end of permitting adjustment of the various taps 
for impedance matching purposes to locate at least part 
of the structure externally to the device. At the same 
time, it is most convenient to pass a simple transmission 
line through a seal in the evacuated device for external 
connection. Thus, from a practical standpoint it is usual 
ly desirable to include a length of transmission line be 
tween the electron couplers and a point located ex 
ternally of the evacuated enclosure. The System of the 
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present invention takes advantage of such a line and as 
signs to it an effective quarter-wavelength at the signal 
frequency so that not only does it serve to feed energy 
into or out of the evacuated enclosure but it also func 
tions as an essential part of the coupler system. Thus, 
part of quarter-wave transformer 25 may be included 
within envelope 58 and another part externally thereof. 

It is well understood by the art that the expression 
“effective electrical length' includes proper multiples of 
the basic length. For example, the length of quarter 
wave transformer 25 may actually be one-quarter Wave 
length at the signal frequency or may be increased by 
the addition of any number of half wavelengths thereto. 

It has been pointed out that the coupling system of 
the present invention may be used as part of and in 
cooperation with many different varieties of electron 
beam apparatus. It is essentially directed to a combina 
tion including modulator elements coupled to a beam the 
electrons of which exhibit resonance. Preferably, the 
system is one which coacts with an electron beam device 
for amplifying fast electron beam energy whereby noise 
on the beam may be removed. The system is advan 
tageously employed both in modulation and in demodula 
tion to impress energy upon an electron beam and to 
derive energy therefrom, respectively. Its utility lies 
principally in the creation of a coupling system which not 
only serves to properly transfer energy between the beam 
and a signal device but which also serves as a wave filter 
without the requirement of physically including all of the 
elements or components electrically necessary to com 
plete the filter structure. Moreover, the components 
which are physically employed generally serve other func 
tions in addition to that of constituting parts of the wave 
filter with resulting economy and compactness. The 
practical mechanical embodiments discussed and described 
present the additional advantage of simplicity of adjust 
ment and ease of manufacture. 
While particular embodiments of the present invention 

have been shown and described, it will be obvious to 
those skilled in the art that changes and modifications 
may be made without departing from the invention in its 
broader aspects. Accordingly, the aim in the appended 
claims is to cover all such changes and modifications as 
fall within the true spirit and scope of the invention. 

I claim: 
1. A filter for transferring signal energy of predeter 

mined frequency between a signal device and an electron 
beam comprising: means for projecting said beam along 
a predetermined path; means for rendering said electron 
beam resonant at said frequency; a filter element com 
prising a circuit resonant at said frequency coupled to 
said resonant electron beam; and means, including an 
impedance inverting network, coupling said filter element 
to said signal device. 

2. A filter for transferring signal energy of predeter 
mined frequency between a signal device and an electron 
beam comprising: means for projecting said beam along 
a predetermined path; means for rendering said electron 
beam resonant at said frequency; a filter element, com 
prising a circuit anti-resonant at said frequency, coupled 
to said resonant electron beam and means, including a 
signal translating device constituting a quarter-wave trans 
former at said frequency, coupling said filter element to 
said signal device. 

3. A filter for transferring energy of predetermined 
frequency between a signal device and an electron beam 
comprising: means for projecting said beam along a pre 
determined path; means for rendering said electron beam 
resonant at said frequency; a filter element comprising 
a circuit anti-resonant at said frequency coupled to said 
resonant electron beam; a filter member comprising a 
circuit anti-resonant at said frequency coupled to said 
signal device; and an impedance inverting network cou 
pling said element to said member. 

4. A band-pass filter centered on a predetermined 
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frequency for transferring signal energy of said frequency 
between a signal device and an electron beam comprising: 
means for projecting said beam along a predetermined 
path; means for rendering said electron beam resonant 
at said frequency; a filter element comprising an anti 
resonant circuit tuned to said frequency and coupled to 
said resonant electron beam; a filter member comprising 
an anti-resonant circuit tuned to said frequency and cou 
pled to said signal device; and means, including a quarter 
wave transformer at said frequency, coupling said ele 
ment to said member. 

5. In apparatus for transferring signal energy of pre 
determined frequency between a signal device and an 
electron beam, a filter comprising: means for project 
ing said beam along a predetermined path; a pair of con 
ductive plates disposed on opposite sides of said path; an 
inductor connected between said plates with said inductor 
and said pair of conductive plates together being anti 
resonant at said frequency; a circuit anti-resonant at said 
frequency coupled to said signal device; and an imped 
ance inverting network coupling said anti-resonant cir 
cuit to said inductor. . 

6. In apparatus for transferring signal energy of pre 
determined frequency between a signal device and an 
electron beam, a filter comprising: means for projecting 
said beam along a predetermined path; a pair of conduc 
tive plates disposed on opposite sides of said path; an in 
ductor coupled between said plates with said inductor and 
said pair of conductive plates together being anti-resonant 
at said frequency; a circuit anti-resonant at said fre 
quency; and an impedance inverting network coupling 
said anti-resonant circuit to said inductor. 

7. A filter for transferring signal energy of predeter 
mined frequency between a signal device and an electron 
beam comprising: means for projecting said beam along 
a predetermined path; means for rendering said electron 
beam resonant at said frequency; a filter element, com 
prising a circuit anti-resonant at said frequency, coupled 
and impedance-matched to said resonant electron beam; 
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and means, including a signal translating device constitut 
ing a quarter-wave transformer at said frequency, cou 
pling and impedance matching said filter element to said 
device. 

8. A filter for transferring signal energy of predeter 
mined frequency between a signal device and an electron 
bean comprising: means for projecting said beam along a 
predetermined path; means for rendering said electron 
beam resonant at said predetermined frequency; a filter 
element comprising a circuit resonant at said frequency 
coupled to said resonant electron beam; means, including 
an impedance inverting network, coupling said filter ele 
ment to said signal device; and means for establishing 
optimum impedance match of said signal device through 
said network and element to said beam. 

9. A filter for transferring energy of predetermined 
frequency between a signal device and an electron beam 
comprising: means for projecting said beam along a pre 
determined path; means for rendering said electron beam 
resonant at said predetermined frequency; a filter ele 
ment comprising a circuit resonant at said predetermined 
frequency coupled and impedance-matched to said reso 
nant electron beam; a filter member comprising a circuit 
resonant at said predetermined frequency coupled and 
impedance-matched to said signal device; and an imped 
ance inverting network coupling and impedance matching 
said element to said member. 
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