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2,808,470 

ELECTRON DESCHARGE DEVICESTRUCTURES 
AND CRCUTRY THEREFOR 

Clarence Weston Hansell, Port Jefferson, N.Y., assignor 
to Radio Corporation of America, a corporation of 
Delaware 

Application May 18, 1954, Serial No. 430,614 , 
The terminal 15 years of the term of the patent to be 

granted has been disclaimed 
5 Claims. (C. 179-171) 

The invention is related to electron discharge electric 
wave translating systems and it particularly pertains. to 
improving the power conversion efficiency of class. A and 
class. B-proportional amplitude amplifier circuit arrange 
ments. 

Electron discharge devices are used for converting 
direct current power to high frequency alternating cur 
rent power in radio and industrial-electric circuit arrange, 
ments. A particular example of such circuitry is found 
in radio transmitters wherein a relatively low-power, alter 
nating current signal is applied to an electron-discharge 
device circuit in order to reproduce the signal; at a rela, 
tively high power level. 
The prior art amplifier circuit arrangements are limited 

to relatively low power-conversion efficiencies because the 
electron discharge devices available for the purpose, are 
so constructed that electron currents of substantial values 
must flow at times of relatively high anode-to-cathode 
potential. A typical case of a low. efficiency, class. A 
audio frequency amplifier is that of the modulator tube 
in the Heising amplitude modulation system. In a Heis 
ing. modulator tube, anode current flows, in the absence 
of modulation, in an amount somewhat greater than half 
the peak values of current during 100% modulation. 
This results in a very large average power loss in the tube 
as compared with what might be called the useful output 
power. 

In class B amplifiers as now generally used in the art, 
for proportional amplification of either audio or radio 
frequency power, the power conversion efficiency is rela 
tively low also because electron-currents flow, between the 
cathode and anode electrodes when the instantaneous 
potential between the cathode and anode is relatively 
large. The instantaneous value of power loss is equal to 
the product of the instantaneous potential and current 
and at low signal amplitudes the potential is very nearly 
equal to the D. C. power supply potential so that nearly 
all of the D. C. input power is lost in the electron dis 
charge devices, appearing as heat at the anodes. 
As the input signal amplitude increases from zero the 

power conversion efficiency increases from zero up to 
some maximum value less than 100% at maximum sig 
nal amplitude. Because of the necessity to preserve lin. 
earity or proportionality between the output and input 
current amplitudes, and the tendency to lose this propor 
tionality at the higher amplitudes, the peak, instantaneous 
conversion efficiency seldom exceeds 70% and generally 
is considerably less. The average conversion efficiency is 
therefore generally low. Such low efficiency conditions 
exist in single sideband radio transmitters where single 
sideband currents are produced at low power levels and 
are then amplified in linear, or proportional, class B am plifiers. 
The losses are higher for class B amplifiers operated 

at variable power levels than they are in class C amplifiers 
operated at a constant high power level because in the 
former currents must flow in the tube while interelectrode pétentials are high, whereas in class Camplifiers current 
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2. 
flows only when the interelectrode-potentials are rela 
tively low. In the class C case... the counter potentials 
which limit the current pulses are mostly across the oscil 
lating output, circuit, whereas in class B amplifiers much 
less counter-voltage appears across the output circuit, on 
the average, and much more across the electron discharge 
device. . . . . . . . . . . - - 

This low power conversion efficiency is particularly 
objectionable; in linear amplifiers of radio transmitters 
which amplify amplitude modulated carrier waves. In 
this case, where the carrier level is set at or near the 
center of the linear amplitude range of the amplifier, the 
average power conversion: efficiency- for either the un 
modulated. carrier condition, or during modulation, may 
be. on the order of 30% to 40%. For this reason, the 
use of linear amplifiers in an amplitude modulated trans 
mitter is, so disadvantageous, that the use has not bee 
at all-universal but has been quite infrequent. 

Because of these high losses some rather complicated 
circuitry has been used in-broadcast and communications 
transpnitters, employing high-level medulation power in 
an effort to, reduce the losses and increase the power cons 
version efficiency. The problem, of course, is present: not 
only in telegraph and telephone radio transmitters; but 
also, in transmitters to handle facsimile, or picture trans 
mission, telemetering, television; and the like. 
An object of the: invention is to provide means for re 

ducing the power losses in, electric wave translating sys. 
tems involving-electron discharge, devices in which elec, 
tron current of substantial value, must flow, at times of 
relatively high anode-to-cathode potential. 
Another object of the invention is...to provide animi 

proved electron discharge amplifier circuit arrangement 
With relatively high power conversion efficiency. . - 

It is a further object of the invention to increase, the 
power conversion efficiency of an electric wave translating 
System while still maintaining a relatively simple electron 
discharge structure and associated circuit arrangement. 
A more specific object of the invention is to reduce 

power losses of electron discharge devices during the coni 
dition of signal amplitudes substantially, less than...th 
maximum amplitude. 
The objects of the invention are obtained in any elec 

tric wave translating system wherein the power losses in a 
high vacuum electron discharge device are minimized at 
all points on the A. C. grid potential-A. C. anode poten 
tial cycle by... arranging and energizing the tube structure 
So... that the, electrons are always collected on electrode 
elements of relatively low. potential. The electron emis 
sion is made to pass through, or goby, all electrode ele 
ments of high potential to electrode elements of low 
potential. The electron current is transferred: automati 
cally from one electrode element or, electrode area, to 
another as the potentials of the electrode elements or 
areas vary in response to the currents. developed in the 
amplifier output circuits. This electron current transfer 
from one element or area to another causes the electrons 
to be collected with lower power loss at the electron col 
lecting electrode element or area. The electrons are 
always collected on electrode elements or areas of rela 
tively low positive potential, whereby the instantaneous 
losses can never be large. 
The principles of the invention may be-applied in sev 

eral distinct forms, all of the forms relating to an electric 
Wave translating system including an electron. discharge 
device having means. to project a beam, or beams, of 
electrons, means to modulate the beam, or beams, of 
electrons in intensity, and a multi-element electron col 
lecting electrode structure having the elements thereof 
arranged in cooperating relationship with respect to each 
other and to the trajectory of the beam, or beams, of 
electrons in accordance with the invention. The indi 
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vidual elements of the multi-element electron collecting 
electrode structure have different potentials maintained 
thereon at any given instant and the elements of the 
electron collecting electrode structure are coupled to a 
common output circuit. . . . . . . . . . . 

In one form of the invention power loss is reduced by 
employing a plurality of sources of D. C. power of dif 
ferent potential levels applied to different electron col 
lecting electrode elements of a plural-element structure. 
The electron beam is projected toward the electrode of 
lowest direct potential in the absence of input signal and 
as the signal amplitude increases the electron current from 
the cathode device automatically transfers from the one 
electron collecting electrode to one of increasingly higher 
direct potential so that the electrons are collected with 
lower average power loss, thereby increasing the average 
power conversion efficiency without limiting the final peak 
value of power which can be obtained by use of the 
highest D. C. potential. - - 

In another form of the invention the electron collecting 
electrode structure itself forms a substantial part or the 
whole of one of the reactance elements of the output cir 
cuit so that different instantaneous potentials exist along 
the multi-element electron collecting electrode structure. 
Electron collection is then limited automatically to por 
tions of the electron collecting electrode structure having 
a relatively low instantaneous positive potential with re. 
spect to the electron emitting cathode device so that power 
loss is relatively low at all current amplitudes. 
There are two general variations in which the latter 

form of the invention may be constructed. - One varia 
tion, which is best Suited to use of very high radio frequen 
cies, utilizes a multi-turn coil as the multi-element electron 
collecting electrode structure, and the other, which is 
better adapted to use at lower radio frequencies, utilizes 
a plurality of electron collecting electrode elements which 
are operated at different A. C. potentials and, if desired, 
also at different D. C. potentials. With the first variation 
external capacity is used in conjunction therewith to form 
a circuit parallel resonant at the desired operating fre 
quency. In the second form an external inductance ele 
ment is used in conjunction with the interelectrode capac 
ity and usually also an external capacity to form a parallel 
resonant circuit at the desired output frequency. The 
plurality of electron collecting elements are connected 
to different points along the external inductance. Obvi 
ously, an electron collecting electrode structure having 
both internal and external inductive and capacitive react 
ance components might be used. 

In order that the invention may be more clearly under 
stood and readily put to practical use, a detailed descrip 
tion thereof of several embodiments, given by way of 
example only, is given with reference to the accompanying 
drawings forming a part of the specification and in which: 

Fig. 1 is a schematic diagram of a tube and circuit 
arrangement, suitable for amplifying relatively low fre 
quencies, constituting a wave translating system accord 
ing to one form of the invention; 

Fig. 2 is a cross-sectional view of an electron discharge 
device having an electron collecting electrode structure 
according to the invention; 

Figs. 3 and 4 are cross-sectional views of another elec 
tron discharge device according to the invention: . . 

Fig. 5 is a schematic diagram of a wave translating 
system incorporating an electron discharge device of the 
type shown in Figs. 3 and 4; w 

Fig. 6 is a cross-sectional view of an electron discharge 
device having an inductive reactance type of electron col 
lecting electrode structure according to another form 
of the invention; . - 
. Fig. 7 is a shematic diagram of an electric wave trans 
lating system according to the invention utilizing an elec 
tron discharge device of the type illustrated in Fig. 6; 

Fig. 8 is a cross-sectional view of another electron dis 
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4 
charge device according to another form of the inven 
tion; and 

Fig. 9 is a schematic diagram of an electric wave trans 
lating system utilizing an electron discharge device of the 
type shown in Fig. 8. 

It should be understood that in none of these drawings 
has any attempt been made to draw the tubes and circuits 
to scale. They are intended only to convey the invention 
to others skilled in the art who will understand the impor 
tance of detailed dimensions upon tube characteristics and 
be able to design tubes on the basis of calculations and 
experiment according to the usual practice. 

Referring to Fig. 1, there is shown one form of electric 
wave translating system according to the invention in 
which an electron discharge device 20 of the high vac 
uum type has an electron emissive cathode electrode de 
vice 21, a cathode shield member 23, and a beam forming 
electrode 25 having an aperture 26 therein. Electrodes 
21, 23, and 25 are all arranged in an electron gun struc 
ture for projecting a large diameter, high current beam 
of electrons. The electron gun structure need not be of 
the type specifically disclosed but may be of any broad 
electron beam forming system known to the art, since the 
electron gun in and of itself does not form any part of 
the invention. A control electrode or grid 27 is prefer 
ably interposed between the cathode shield member 23 
and the beam forming electrode 25 to modulate the inten 
sity of the electron beam in accordance with signal intel 
ligence impressed thereon by means, for example, of a 
transformer 29. The cathode shield member 23 is prefer 
ably maintained at cathode potential as shown, while the 
beam forming electrode 25 is made positive with respect 
to the cathode electrode and the grid 27 is biased negative 
with respect to the cathode in the absence of signal. 

According to the invention, the broad beam of elec 
trons emerging from the aperture 26 is impelled forward 
to impinge on an electron collecting electrode element or 
anode 33 forming one element of a plural-element elec 
tron collecting electrode structure. Another cylindrical 
electron collecting electrode element 35 is arranged in the 
electron discharge device 20 in such manner that in the 
absence of applied signal no electrons from the electron 
gun structure are collected on element 35. This other 
electron collecting electrcde element 35 may be not only 
in the form of a short cylinder but also may, if desired, be 
in the form of flat plates forming a rectangular structure 
similarly placed. Such flat plate structures are more useful 
with electron beams which have essentially thick ribbon 
like cross-sections. Preferably, the electron collecting 
electrode element 35 is mounted on a ring seal extending 
through the insulating tube envelope and the electrode 33 
may be similarly mounted on half of a similar ring seal, 
to facilitate electrode cooling. 

Referring to Fig. 2, there is a suggested example of a 
practical embodiment of the electron discharge device 20. 
A cathode device 21' and a cathode shield 23' are held in 
fixed relationship by means of a glass stem 37; the cath 
ode device 21" being supported on lead-ins 38 and 39 
which constitute the supports and the electric connections 
for the cathode device, and the heater (which is not 
shown) and at the same time the heater and cathode 
socket connecting pins. A glass press portion 4 supports 
a grid 27' which is electrically accessible on the exterior 
by means of a grid cap 27a. A beam forming electrode 
25 is mounted atop the glass press portion 41. The edge 
of the beam forming electrode 25' is electrically accessible 
from the exterior of the tube. As an alternative construc 
tion to the beam forming means shown, Some conver 
tional form of magnetic focusing arrangement might be 
used if desired. 
The plural-element electron collecting electrode struc 

ture is formed in this case by the tubular anode electrode 
33' and the tubular drift tube electrode 35' which are 
joined by glass or ceramic envelope portions 43 and 
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45, the latter of which joins the drift tube 35' to the beam 
forming electrode 25'. The external surfaces of the 
drift tube 35' and the anode-electrode 33' are exposed 
both for electric connections and so that the tube may be 
arranged in a conventional duct system for air-cooling 
or may be clamped in water jackets for liquid cooling 
if necessary or desirable. 

It is important that ample measures be taken to pre 
vent adverse-effects of secondary electron emission. Re 
duced secondary emission can be obtained by judicious 
choice of -electrode materials. Electrode surfaces of car 
bon, platinum and gold, for example, are excellent for 
use in reducing secondary emission. The physical con 
figuration of the electrodes can also be designed to reduce 
secondary emission problems. The . deep cup-shaped 
anode electrode element 33' is well-known for this pur 
pose. and the use of the lip at the entrance aperture to 
the anode electrode 33 may be helpful. The drift tube 
35 is preferably made of such length that secondary emis 
ision electrons will more than-likely be returned to the elec 
...trode. 35'. However, to some degree, secondary elec 
itron emission from the anode 33", when collected on the 
anode 35", may add to the useful power output. 

Referring again to Fig. 1, the electric wave translating 
system according to the invention is completed by means 
'of an output coupling transformer 46 having two primary 
-windings. 47 and 48, both coupled to an output second 
ary winding-49. It is anticipated that the ratio of turns 
in windings. 47 and 48 will be adjusted for best overall 
results, taking into account both power conversion effi 
ciency and output-current wave form. In practice the 
ratio is expected to range from a value of 1 up to perhaps 
4 or 5, -depending on conditions. The secondary wind 
ing 49 is connected to output terminals 51, 50 to which 
any, desired. utilization, device may be connected, Direct 

... operating potential of given value Ebb/n is applied to 
the electron collecting electrode element 33 by way of 
the transformer winding 47 while direct potential. Ebb is 
applied to the electron collecting electrode element 35 by 
-way of the other primary winding 48 of the transformer 
46. The direct potential on the electrode element:35 is 
greater than that on the element 33 by the factor in. In 
practice it is desirable to have the factor n equal to 2 
at least, and 3 or 4 if possible. It should be under 
stood that this factor need not be a whole number, but 
the ratio of the two potentials is indicative of the increase 
in power conversion efficiency as will be shown in the fol 
lowing discussion. 

For example, suppose that the electron collecting elec 
tredesielement: 33 is supplied from a source of potential 
of 15000/2 or 7500 volts D. C. and the other electron 

.-collecting electrode element 35 is supplied from a source 
of full potential of 15,000 volts D. C. For the unmodul 
lated icondition the emission current passed by the con 
trol grid 27 may be, for example, 2 amperes, and all of 

...this current will be collected on the electrode element 33 
protiucing a power loss there of 7500X2 watts, or 15 kilo 
swatts. In the conventional modulator tube this current 
would have been collected on an anode at the full 15,000 
volt potential, causing a power loss of 30 kilowatts. Thus 
the power loss for the unmodulated case is reduced by 
the factor n, or 2 in the example given. 
With the tube according to the invention, as the grid 

27 swings; negative to reduce the electron beam current, 
all the diminishing current continues to flow to the lower 
potential anode and the losses remain at half what they 
would be in a conventional tube used in the conventional 
manner. However, as the grid 27 swings positive to in 

-"crease the electron current and the potential of the elec 
ctron collecting electrode element 33 diminishes toward 
-zero with respect to the cathode, current will be reflect 
edback to the tubular electrode element 35 and on peaks 
of current all of the current will flow into the other elec 
trode element 35, while the potential of electrode 33 will 

6 
be negative with respect to the cathode. Therefore, the 
two anode-electrodes can be made to develop, a peak 
potential variation approaching 15,000 volts, thereby pro 
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viding peak A.C. power output and efficiency at maximum 
A. C. current output, equal to that of a conventional 
tube. The net result when windings - 47 and 48 have 
equal turns is that both anode electrodes may develop 
A. C. peak potentials corresponding to the full 15,000 
voltsD.C. power supply potential, but the current trans 
fers automatically from one electron collecting electrode 
element to the other to keep the average power losses at 
roughly 1/n the value they would be in a conventional 
audio amplifier or-modulator-tube. 

It is a distinct advantage in the application of the in 
vention that the rectifiers used in high powered trans 
mitters are commonly designed to provide a substantial 
amount of the rated output...power at a half voltage tap. 

. Such rectifiers have two rectifier tubes in series in each 
leg and the transformer winding is connected to the point 
between them. Therefore, the simple circuitry of the 
electric wave translating system according to the inven 
tion will not unduly complicate the power supply problem. 
When the amplifier is to be operated constantly at full 

output, somewhat like a class C amplifier, it is possible to 
obtain power conversion efficiencies similar to, or bet 
ter than, those now obtained with class C operation with 
out resorting to such large distortion in the wave form of 

This will reduce problems in pre 
venting radiation of energy at harmonic frequency from 

From another standpoint, the invention allows utiliza 
tion of the electron emission from the cathode, in class 
C oscillators and amplifiers, over a larger fraction of the 
operating cycle for any given amount of power loss. This 
either will permit higher-average current input to a tube 
with a given size-cathode or, for any given required input. 
current it will permit a smaller cathode to be used. In 

: other words, for any given power rating the system ac 
cording to the invention reduces both anode losses and 
cathode heating losses. Alternatively, it will permit the 
cathodes to be operated at lower temperatures. 
A Suggested modification for the arrangements shown in 

Fig. 1 and Fig. 2 is to provide two or more tubular con 
ductors forming a plurality of electron collecting elec 
trode elements 35 arranged in end-to-end relationship 
with increasing potential on the elements progressively 
remote from the electron collecting electrode element 33. 
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Another embodiment of the invention is shown in Figs. 
3 and 4, depicting a high power high vacuum tube ar 
ranged in accordance with the invention. A source of 
electrons in the form of a centrally located cathode 21' 
sis surrounded by a heat reflecting and beam forming 
element 25'. The beam forming element 25' as shown 
here is an elongated tubular or cylindrical member having 
a plurality of longitudinally arranged slits 26'. The 
beam forming element 25'' is surrounded by an electron 
collecting electrode element 33' in the form of a con 
ductive tubular member or hollow cylinder. In the space 
between the beam forming member 25' and the electron 
collecting electrode element 33' a number of elongated 
conductive members constituiting electron collecting elec 
trode elements: 35' of the multi-element structure are 
arranged in the shadows of the solidportions of the beam 
forming member 25'', between the slits or slots 26'. 
These electron collecting electrode elements 35’ may be 
solid rods but in a high power tube it is preferred that 
they be hollow pipe members as shown, so that they may 
be connected together at the ends thereof by the walls of 
an annular shaped manifold 55 into which a cooling fluid 
or other coolant is introduced by way of an inlet pipe 56 
for circulation through the interior of the electron col 
lecting elements 35' to the head space or exhaust mani 
fold 57 from which the coolant is extracted by way of an 
outlet pipe 58. Those skilled in the art will be able to 
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apply any of the conventional cooling systems to the tube 
according to the invention. The outer electron collecting 
element 33' is preferably exposed so that either a Water 
cooling jacket or an air cooling jacket may be used to 
cool this electrode if necessary. Since much less heat is 
to be developed at the outer electron collecting element 
33' it is expected that air cooling will be adequate in 
most cases and this element 33' may be constructed with 
radiating fins if desired to facilitate such air cooling. 
Glass or ceramic envelope portions 63 and 65 are used 
to support the outer electron collecting element 33' and 
to complete the vacuum seal of the tube structure. The 
arrangements shown in Fig. 3 and Fig. 4 are only in 
tended as suggesting a mode of construction. Those 
skilled in the tube construction art will doubtless find 
other and better ways to manufacture such a tube. For 
example, the inner electron collecting elements 35' are 
electrically connected together by the manifolds 55 and 
57, whereby a large portion of the tube structure as shown 
will be at very high direct potential, necessitating a Sup 
porting insulator shown here merely as an annular in 
sulating disc 67 in which one end of the cathode device 
21' is supported with the other end centered by means 
of an insulating boss 69 projecting into an indentation in 
the wall of the header or exhaust manifold 57. 
A typical circuit for use with the tube illustrated in 

Figs. 3 and 4 is shown in Fig. 5. A radio frequency 
input wave applied to the input terminals 30, 31 is coupled 
into a resonant circuit 7 tuned to the desired operating 
frequency and the voltage developed thereacross is applied 
by way of a blocking capacitor between the cathode 2 
and the beam forming element 25. Direct operating 
potential value Ebbyn is applied by way of a radio fre 
quency choke between the electron collecting element 33 
and the cathode 21. The resonant circuit 77 tuned to the 
output frequency is connected between a source of posi 
tive potential Ebb and the electron collecting element 33 
by a coupling capacitor 79. The output circuit 77 is 
also directly connected to the other electron collecting 
electrode elements 35. The output wave is applied to the 
output terminals 50, 51 by means of an inductive cou 
pling link. 
The wave translating systems according to the invention 

as thus far described are limited in frequency range only 
to about the same extent that conventional tube structures 
are limited and are even less limited in power output than 
conventional tubes, while permitting of much better power 
conversion eficiency. 

in another form of the invention, the electron collecting 
electrode structure of the tube according to the invention 
forms the whole or a substantial part of one of the re 
actance elements of the output circuit. In Fig. 6there is 
shown a high vacuum type tube 80 according to the in 
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type of tube shown in Fig. 6. A variable or modulated 
radio frequency wave applied to the input terminals 30, 
31 is inductively coupled into an input resonant circuit 71 
for application between the cathode 87 and the grid 93. 
Direct anode operating potential at value plus Ebb is 
applied by way of a radio frequency choke 75 to the 
electron collecting coil 97' at the end nearest the cathode 
87, and which end is connected to the sleeve 95. The 
output circuit 10 incorporating the multi-turn electron 
collecting coil 97' is tuned to the desired operating fre 
quency by means of two capacitors 102 and 103, con 
nected in series across the coil 97". The output wave is 
derived across the capacitor 102 and presented to the 
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tron collecting cap element 99' and instead will begin 
to be collected on the electron collecting coil turn ele 
ments at first near the electron collecting cap element 

vention which comprises an evacuated outer envelope . 
containing a heater element 83 for heating an indirectly 
heated oxide cathode device 87 having a cathode terminal 
89 surrounding the heater leads. A grid sleeve 9 sur 
rounds the cathode sieeve 89 and a grid 93 is mounted in 
the upper end thereof above the oxide cathode element. 
The cathode and grid structure is arranged according to 
known principles for forming and modulating the inten 
sity of a beam of electrons. A small or moderate value 
of magnetic field generally parallel to the axis of the 
tube 80 may be applied as an aid to form the electron 
beam. The multi-element electron collecting electrode 
structure of the tube 89 comprises a sleeve member 95 
connected to a multi-turn inductance coil 97 which is 
terminated in a metal cap electrode 99. The beam of 
electrons is alswed to pass from the cathode through the 
control grid $3 in accordance with the signal applied 
thereto and the electrons of the beam then tend to pass 
through the multiturn electron collecting coil 97 to the 
electron collecting electrode cap element 99. 
A schematic diagram of the wave translating system 

according to the invention is shown in Fig. 7, using the 
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output terminals 50, 51. The amount of load is adjusted 
by varying the capacitances of the two capacitors 102, 
103 differentially. 

In operation, the control grid 93' is biased negative in 
the usual manner so that, in the obsence of radio fre 
quency input, a small electron current will flow from the 
cathode 87 through the control grid 93, through the 
sleeve 95 and the coil 97' to the electron collecting cap 
element 99' at the far end of the multi-turn electron co 
lecting coil 97". The amount of this small D. C. current 
is so adjusted that the radio frequency output will be 
proportional to the radio frequency input at very small 
input and output levels, as is common in class B ampli 

As the applied radio frequency wave amplitude is 
increased progressively, a modulation or variation of the 
electron current will take place at the input frequency. 
But as the input is increased the current will begin to cut 
off when the grid potential is negative and from somewhat 
more than that level upward the electron current will 
begin to flow in discrete pulses, the pulses increasing in 

- strength with increasing input amplitude. 
The variations and pulses of electron current flowing 

between the cathode 87 and the electron collecting cap 
element 99 will produce oscillations in the output cir 
cuit 101 which is tuned to the input frequency. These 
oscillations will reduce the potential of the electron col 
lecting cap element 99 with respect to the cathode 87 
when current pulses are flowing, thereby reducing power 
loss at the electron collecting cap element 99, just as 
in any conventional class B amplifier. However, unlike 
the operation of conventional class B amplifiers, the po 
tential of the electron collecting cap element 99 will 
swing down to and beyond zero with respect to the 
cathode 87 at only a moderate percentage of the maxi 
mum power input and output, and while the electron 
current pulses are still rather small. The pulses of elec 
tron current will then cease to be collected by the elec 

As the amplitude increases still further the zero 
potential point along the coil 97, at the time electron 
current pulses flow, will move along the coil toward the 
sleeve 95. Electron collection will then take place always 
at a region of the multi-turn coil 97" which is near zero 
potential and power loss due to electron collection will 
remain low at all amplitudes up to the maximum for 
which the tube and the circuit components in the wave 
translating system are designed. 

Thus, by causing the point of electron collection to 
move along the electron collecting element structure 97 
in response to current amplitude, the power losses are 
reduced to a fraction of the losses in conventional ampli 
fiers. If, for example, the normal input and output power 
level is about half the peak amplitude, as it will be in 
amplifiers used with amplitude modulated carrier cur 
rents, the power loss in a practical case may be reduced 
by the invention to about half or less of what it would 
be in a conventional amplifier. 

It may be noted that not only does the point of collec 
tion of electron current on the coil 97, at the instantaneous 
negative peaks of R. F. potential, move along the coil 
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as the signal amplitude varies, but also the position of 
electron collection within the time period of each-current 
pulse tends to vary in a manner to hold electron collec 
tion losses to a minimum. 

It is suggested that the multi-turn electron collecting. 
coil 97' may be varied in pitch along the length thereof 
to modify the amplitude response characteristic by a 
moderate amount. It is also considered that the final turn 
of the coil 97 may have a shorter radius so that it acts as 
the end cap in a terminal eliminating the need for an 
electron collecting cap element, although it is recognized 
that the use of the separate secondary emission preventing 
cap element 99 is preferred. 

It is anticipated that in a tube like that of Fig. 6, for 
operation at relatively high frequency and power levels 
the coil 97 may be made of tubing, through which a 
cooling fluid may be circulated. 
Another embodiment of the invention is found in the 

tube 80' illustrated in Fig. 8 and Fig. 9, in which the 
same beam forming electron gun assembly as shown in 
the tube of Fig. 6 is used. Instead of a multi-turn coil, 
however, a series of tubular electron collecting electrode 
elements 101-105 are distributed along the electron 
beam between the grid sleeve 91 and the electron collect 
ing terminal cap element 99. Preferably, these electrodes 
101-105 are tapered or necked down and situated so 
that one is inserted into the other for a suitable distance. 
The electrodes 101-105 are preferably exposed for a 
portion of their lengths, so that suitable external connec 
tions may be readily made and cooling may be facilitated. 
Glass envelope portions 121-126 are used to complete 
the evacuated envelope of the tube 80'. 
As shown in Fig. 9, the electrodes 101-105’ together 

with the electron collecting terminal cap element 99' 
form the electrodes of a capacitive reactance component, 
which when shunted across an inductive reactance element 
131 forms the output circuit 133. The circuit 133 may 
be tuned by varying the inductance of the element 131 
but may also be tuned by adjustment of a plurality of 
capacitors 141-145 forming a capacitive potentiometer. 
Each of the electrodes 102-105 may be connected to 
a tap on the inductive reactance element 131, but a plu 
rality of R. F. chokes 151-155 are preferably used for 
this purpose. 
The arrangement of Fig. 9 functions in very much the 

same manner as the arrangement of Fig. 7. The modu 
lated wave signal input is applied at the terminals 30, 31 
and the electrons emanating from the cathode 87 pass 
through the electrodes 101'-105, and are collected on 
electron collecting electrode element 99'. As the poten 
tial of the electron collecting cap element 99'swings down 
ward due to increased current flow and reaches a point 
at which the potential on the element 99 is lower than 
the potential on the element 105, the electrons transfer 
themselves for collection to the electrode 105'. When 
this electrode 105 has its potential reduced due to elec 
tron current flow to a value lower than that on the next 
electrode 04, the electrons then transfer themselves for 
collection to the latter electrode element 104 and so on. 
The arrangements shown in Figs. 6 and 7 are considered 

limited to frequencies above 3 megacycles per second. 
Since these embodiments form a part of the reactance of 
the output circuit it appears that each tube must be 
designed for a particular range of frequencies. It is not 
considered that this factor is in any way detrimental be 
cause it is well-known that any inductor can be designed 
for operation over a range of frequencies at least as great 
as 2:1 and even wider ranges under certain circum 
stances. The tube shown in Fig. 8 is probably more read 
ily operable over a wider and lower frequency range 
because of the fact that external capacitance as well as 
inductance will usually be employed. It is contemplated 
that the values of reactance between electrodes 101'-105' 
in the arrangement shown in Fig. 9 may be changed or 

10 
adjusted deliberately, to modify, the amplitude response 
characteristic and the efficiency under certain operating 
conditions if such appears desirable. This is readily ac 
complished by varying the relatively high frequency po 
tentials applied to the succession of electrodes. 01'-105'. 

It is also contemplated that the circuit arrangements 
according to the invention may be used with all the usual 
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shielding, neutralizing, and the like. 
The invention claimed is: 
1. An electron discharge device wave translating sys 

tem comprising means for producing a beam of electrons, 
means for modulating the intensity of said beam in accord 
ance with a signal wave to be translated, a plural-element 
electron collecting electrode structure constituted by one 
member upon which said beam of electrons tends to im 
pinge and by a multi-turn coil through which said electron 
beam is projected and upon which said beam may impinge, 
and means for establishing at any given instant different 
signal-developed potentials upon said member and the 
turns of said coil, said last-named means including a 
resonant output circuit coupled to said device. 

2. An electron discharge device wave translating sys 
tem comprising means for producing a beam of electrons, 
means for modulating the intensity of said beam in accord 
ance with a signal wave to be translated, a plural-element 
electron collecting electrode structure constituted by one 
member upon which said beam of electrons tends to im 
pinge and by a coil through which said electron beam is 
projected and upon which said beam may impinge, and 
a resonant output circuit constituted at least in part by 
said coil coupled to said device, the oscillations produced 
in said output circuit causing said member and said coil 
to have, at any given instant, different signal-developed potentials. 

3. An electron discharge device wave translating sys 
tem comprising means for producing a beam of electrons, 
means for modulating the intensity of said beam in ac 
cordance with a signal wave to be translated, a plural 
element electron collecting electrode structure constituted 
by one member upon which said beam of electrons tends 
to impinge and by a multiturn coil through which said 
electron beam is projected and upon which said beam may 
impinge, a capacitive reactance element connected across 
said coil to form in combination therewith a circuit paral 
lel resonant at the desired output frequency, the oscilla 
tions produced in said resonant circuit causing the ele 
ments of said structure to have, at any given instant, differ 
ent signal-developed potentials, and output connections 
coupled to said parallel resonant circuit. 

4. An electron discharge device wave translating system 
comprising means for producing a beam of electrons, 
means for modulating the intensity of said beam in ac 
cordance with a signal wave to be translated, a plural 
element electron collecting electrode structure constituted 
by one member upon which said beam of electrons tends 
to impinge and by a multi-turn coil through which said 
electron beam is projected, one end of said coil being 
connected to said member through connections devoid 
of concentrated impedance, and a resonant output circuit 
constituted at least in part by said coil coupled to said 
device, the oscillations produced in said output circuit 
causing said member and the turns of said coil to have, at 
any given instant, different signal-developed potentials. 

5. An electron discharge device wave translating sys 
tem comprising means for producing a beam of electrons, 
means for modulating the intensity of said beam in ac 
cordance with a signal wave to be translated, a plural 
element electron collecting electrode structure constituted 
by one member upon which said beam of electrons tends 
to impinge and by a multi-turn coil through which said 
electron beam is projected and upon which said beam 
may impinge, and means for establishing at any given 
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