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This invention relates to apparatus and 
techniques involved in the production, control 
and transmission of_'electrical oscillations of very 
high frequencies and more particularly to the 
field of oscillations having wave-lengths of the 
order of a few centimeters. 
An object of 'the invention is to enable the 

production of extremely high frequency oscilla 
tions without the necessity of resorting to struc 
tures of minute dimensions and in?nitesimal 
spacings, 
A further object of the invention is to provide 

apparatus for production, ampli?cation or con 
trol of very high frequency oscillations of sub 
stantial amounts of power without the limita 
tions experienced in devices of the prior art be 
cause of the short electron travel path essential 
to their operation. 

.An additional object of the invention is to pro— 
vide means for the production of periodic spurts 
of electrons as distinguished from the more or 
less continuous electron emission customarily 
employed. 
A feature of the invention is the relatively 

long path of travel of electrons from their .' 
primary source to the positive electrode at which 
they are absorbed and the phasing of the time‘ 
of their arrival with respect to the oscillating 
condition of the system to which they impart . 
energy. 
Another feature of the invention is the utiliza- '_ 

tion“ of periodic pulses or spurts of electrons with 
intervening electronless voids to excite electro 
magnetic waves in an ‘oscillation transmission 
system. One type of apparatus for producing . 
periodic spurts employs an electron emission sys 
tem controlled to permit emission for a short in 
terval during each cycle but to inhibit it during 
the major portion of the cycle. An alternative 
type of device permits continuous emission from 
the cathode and introduces accelerating and de 
celerating ?elds at selected positions along the 
electron path such as to gradually convert the 
continuous stream into a series of spaced clouds 
or bunches of electrons. 
In accordance with one embodiment of the in 

vention two closely spaced conducting ‘elements 
of an electron discharge device are spaced at 
some distance from a cooperating cathode and 
are provided with external tuning means con 
necting them to each other to form a tuned cir 
cuit. The element nearer the cathode is aper 
tured to permit electrons to pass therethrough. 
Both elements are positively polarized with re 
spect to the cathode and the apertured element as circuit; 
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is preferably maintained at the high frequency 
potential of the cathode by a suitable high fre 
quency short-circuit path connecting it to the 
cathode. Electron emission from the cathode 
may be controlled by the potential of a grid ad 
Jacent to the cathode so as to occur for a short 
interval duringa ,cycle and to be inhibited during 
the remaining major portion of the cycle. The 
electron transit time is made such that a spurt 
of electrons arrives at the apertured element and 
passes into the interspace between the conduct 
ing elements at ‘such. a time as to encounter an 
opposing electrostatic ?eld. The electrons are 
accordingly slowed down and deliver energy to 
the tuned circuit. ‘ ' 

Another embodiment of the invention employs 
a different method, of obtaining the electron 
spurts. According to this method the electron 
stream is permitted to emanate in an approxi 
mately continuous manner from the cathode and 
is thereafter subjected to successive velocity ac 
celerations. and decelerations along its path 
which have the effect of breaking up the con 
tinuous stream into grouped or bunched clouds 
of electrons which, as they arrive at the conduct 
ing elements, are separated by voids. ' 
Other features andobjects of the inventionv 

will be apparent from a consideration of the de 
tailed speci?cation taken in connection with the 
drawings in .which: ‘ 

Fig; 1 illustrates diagrammatically the output 
electrodes of an electric discharge device operat 
ing in accordance with the principles of the in 
vention; ’ “ ' 

Figs. 2 and 3 are graphs showing the perform 
ance of the device of Fig. 1; -_ . 

Fig. 4 is a schematic circuit of an oscillator in 
accordance with the invention; 

Figs. 5 and 6 are graphs showing the perform 
ance of the oscillator of Fig. 4; 

Fig. 'l is a circuit diagram of an oscillator 
utilizing a longer transit time than thedevice of 
Fi . 4; ' 

g‘igs. 8 and 9 illustrate the performance of the 
circuit of Fig. 7;' 

Fig. 10 is a schematic diagram of a modi?ed 
form of oscillator; 

Figs. 11 and 12 are graphs which aid in ex 
‘ plaining its operation; 

‘ Fig. 13. shows a circuit of an additional modi? 
cation of the oscillator circuit in which a phase 
adjusting device is employed to properly time 
the initiations of spurts of electrons with respect 
to the oscillations of the high frequency output 



2 
Fig. 14 illustrates an expedient for reducing 

electron absorption by the apertured element of 
a high frequency electron discharge device of the 
type embodying the invention; . 

Fig. 15 is a schematic circuit diagram of an 
ampli?er; 

Fig. 16 is a schematic diagram of an ampli?er 
with an alternative means for preventing feed 
back; 1 

Fig. 17 discloses an ampli?er circuit having a 
coaxial input system and a Lecher' circuit asso 
ciated with its output electrodes; ' 

Fig. 18 illustrates a structure having output 
electrodes which serve to constitute its own res 
onant circuit; _ r . 

Fig. 19 illustrates a modi?ed form of oscilla 
tor in accordance with the invention in which 
the spurts of electrons are produced by acceler 

l0 

ating and decelerating ?elds to which an original - ’ 
substantially continuous electron stream‘ is’ sub 
jected during transit toward the output elec 
trodes; . r ' V 

Fig.- 20 is a graph to facilitate explanation of 
the operation of the device of Fig. 19; 

Fig. 21 represents an amplifying device using 
the electron grouping feature of the oscillator 
,of Fig. 19; and 

Figs. 22 and 23 disclose output electrode sys 
tems with devices for preventing secondary emis 
S1011. 
At low frequencies the transit time of an elec 

tron from the cathode past the grid to the anode 
of a three-element vacuum tube oscillator con 
stitutes such a small part of the cycle that it is 
a relatively unimportant factor. As the fre 
quency is raised and the'time duration of a cycle 
grows correspondingly less a limit is reached at 
about 300 megacycles when attempts to still fur 
ther increase the oscillation frequency cause the 
oscillator to stop oscillating. The immediate 
cause is that the transit time has now become 
such an appreciable part of the cycle that the 
ordinary circuits do not permit attainment of 
the proper‘ phase'relations between the voltages 
on the tubeelements and the current between the 
elements. 

It is often convenient to refer transit time or 
time of flight of an electron from its source to 
a given point 'to the period of oscillations under 
consideration. This may be done in terms of 
the transit angle, that is, the angle which cor 
responds to the product of the angular frequency 
of the oscillations under consideration and the 
transit time. This is explained in some detail 
at page 1538 of an article 'by F. B. Llewellyn en 
titled “Vacuum tube electronics” appearing in the 
Proceedings of the Institute of Radio Engineers 7 
for November, 1933, vol. XXI, No.11. , 

Electrons which have been emitted from the 
cathode of an electron discharge device tend to 
proceed toward a positive electrode or anode with 
‘an acceleration in velocity which is a function 
of the potential gradient in the space between 
their originating cathode and the anode. vIn ac 
celerating, the electrons receive energy from the 
electric ?eld which is, of course, supplied by the 
space current source which sets up the~?eld. .If 
the electrons are projected into a region where 
the potential gradient is in the opposite direc 
tion, that is, toward a point of less positive po 
tential, the opposing ?eld in that region exerts 
a retarding action upon the electrons or, in other‘ 
words, the electron gives up energy to the ?eld 
and loses velocity. From a somewhat different 
viewpoint the moving electron or negative charge 
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approaching the locality of a negatively charged 
point tends to accumulate a still greater nega 
tive charge in that region and so to build up the 
already existing negative potential gradient be 
yond its original magnitude. _ . 
Assuming that as shown in Fig. 1 a group of 

electrons e is in motion toward the foraminate 
positively biased electrode I and the more remote 
imperforate anode electrode 2 similarly positively 
biased electrically. The electrons will be accel 
erated toward element l and will approach it 
with an increasing velocity as indicated by the 
upwardly inclined portion of the velocity graph 
of Fig. 2. At‘ the instant t1 when the group of 
electrons reaches the' plane of element Isome 
are absorbed but most, of them pass on through 
its interstices with a relatively high velocity into 
the space between elements I and 2. Assume 
further that the tuned circuit comprising the ca 
pacitance between elements I and 2 and the ex 
ternal inductance ‘I connecting them has been~ 
set into oscillation in any mannerrand that at 
the instant ii the foraminate element I, is elec 
trically positive with respect to anode 2. Under 
these circumstances the electrons in the inter 
space progress in a direction counter to that at 
which the ?eld tends to accelerate them, and arev 
accordingly retarded at the same time giving up 
energy to the ?eld and augmenting its magni 
tude. The diagram of Fig. 2 shows how the elec 
tron velocity rapidly falls in the course of this 
process so that as an electron approaches closely 
to element 2 at instant tz it ‘has lost most of its 
energy. Fig. 3 shows the resulting potentials 
E1 and E2 respectively, of elements I and 2 as 
the oscillating potentials of these elements rise 
and fall about their normal positive bias poten-' 1 
tial Ea; It accordingly appears that if groups of 
electrons be shot through the electrode at each 
cycle at instants when element I is positive, os 
cillations of the natural frequency of the circuit 
I, 2, 1 may be obtained. The ultimate source of 
oscillation energy is, of course, the source Eb by 
which the electrons are caused to attain a‘ high 
kinetic or velocity energy which maybe con 

I verted to oscillatory energy by the reaction of 
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these fast moving electrons on the opposing elec 
trostatic ?eld of the interspace between elec 
trodes I and 2. _ 

Fig. 4 with its explanatory diagrams of Figs. 
5 and 6 illustrates an alternative system for pro 
ducing oscillations in accordance with theprin 
ciples which have been outlined. Foraminate 
electrode I and anode 2 are positively biased with 
respect to cathode 3 by a source 6. The inter 
electrode capacitance of elements I and 2 and 
the external inductance ‘I determine the natural 
oscillation frequency of the circuit I, 2, ‘I. 'Cath 
ode 3 may be energized in any well-known man 
ner and as illustrated is directly heated by cur 
rent from a source 8 of heating current. Close 
1y adjacent the cathode is a control gridl which 
is maintained biased by a source 9 to an average 
negative potential E‘; with respect to the cathode ' 
ofsuch magnitude as to normally inhibit ?ow 
of electrons from the cathode. In the bias cir 
cuit for grid 4 are a resistance I0 and an in 
ductance ll toprcvent transmission ofroscilla 
tion frequency currents over the bias path. 
Cathode 3 is connected to electrode I by a capac- ' 
ity element l2 of such magnitude as to serve as 
a path of negligible impedanceat the oscillation 
frequency so that at that frequency cathode 3 
vwill partake of the same potential variations as 
electrode I. Similarly the grid 4 and the anode . I 



between cathode 3 and electrode I. 
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2 are connected by a capacity element I3 so that 
no high frequency variations of potential will 
exist between them. Under these circumstances 
with the potential of cathode 3 taken as zero the 
potential E1 of element I which is connected to 
the cathode by the high frequency short-circuit 
ing path of capacity I2 will remain constant at 
the positive magnitude Eb. Oscillations in cir 
cuit I, 2, ‘I will cause the potential E2 of anode 
2 to alternatively rise above and fall below that 
of E1 as indicated in Fig. 5. Similarly the po 
tential E4 of grid 6 which is constrained by the 
short-circuit path through capacity element I3 
to follow the potential E2 will rise and fall with 
an instantaneous magnitude which is always be 
low that of E2 by an amount equal to the sum 
of the space current and gridbias potentials Eb 
and Ec. I 
The magnitudes of the biasing sources are so 

related that during each cycle there are intervals 
of electron ?ow as, for example, form into is when 
the potential of grid 4 is positive and again in 
the interval centering at instant 134. If the group 
of electrons emitted at time to is accelerated by 
the electric ?eld as ‘indicated in Fig. 6. it ‘will 
reach element I and pass through it at an in 
stant t1, the interval between to and ii, that is, 
the transit time required for electrons from 
cathode to reach electrode I, depending upon a 
number of factors including the magnitude of 
the accelerating potential Eb and the d'stance 

Assume 
that the various magnitudes entering into the 
transit time have been so chosen and that the 
structure of the discharge device has been so pre 
designed that the electrode 2 which at the in 
stant of emission of the group of electrons under 
consideration was at a potential positive with 
respect to electrode I as indicated at to in Fig. 5 
has undergone a substantially 180. degree change 
so as now to be negative with respect to E1 as 
indicated at in in Fig. 5. The group of elec 
trons passing electrode I will encounter in the 
interspace between electrodes I and 2 a ?eld op 
posing their progress and they will be retarded 
and will give up energy to that ?eld as in the 
case of Fig. 1. Fig. 6 shows how the velocity of 
the electrons rapidly falls from ti to 232 so that 
at the latter instant little energy remains to be 
dissipated as the decelerated slow moving elec 
trons impact upon the anode 2. It will, there 
fore, be appreciated that once in each cycle a 
group of electrons is released from the cathode 
and that at approximately three-eighths cycle 
to one-half cycle later that group of electrons 
delivers up ‘its energy to the circuit associated 
with the electrodes I and 2. 

Fig. '7 illustrates a somewhat different system 
in which the‘ spacing vof electrodes I and 2 with 
respect to electrodes 3 and t is altered and in 
which the electrodes are related in a different 
manner in so far as high frequency potentials 
are concerned. Capacitances I5 and it connect 
cathode 3 and the positive terminal of source 
6 to grid 5 thus holding these three points at 
?xed high frequency potentials. The potentials 
E1 and E2, respectively, of the electrodes I and 
2 rise and fall with respect. to the positive ter 
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cated in Fig. 9. It is desired that the electron 
group enter the interspace I, 2, that is, pass 
electrode I at an instant h when‘ there is an 
opposing or counter electromotive force between 
electrodes I and 2 so that electrode I will be at 
the higher potential. This condition may be at 
tained by making the transit time .elapsing be 
tween to and t1 about seven-eighths cycle, that 
is, approximately equal to a cycle. ‘It will be 
noted from the velocity graph in Fig. 9 that the 
electrons are accelerated throughout their tran 
sit from the-cathode to electrode I but that the 
acceleration decreases during the period in which 
the potential-E1 is rapidly falling. Accordingly 
the velocity‘ graph of Fig. 9 undergoes a rapid 

‘rise in its early portion with an intermediate 
zone of little acceleration and a ?nal portion 
during which the acceleration is again high as 

As the group of 
electrons passes electrode I and begins to de 
liver energy to the circuit I, 2, ‘I, another group 
of electrons will be released at the cathode. 
Thus, the oscillating action continues with 
groups of electrons spaced apart one cycle in 
transit time successively impulsing the circuit 
I, 2, ‘I with its inherent capacity‘ I‘I. - 
Fig. 10 illustrates another modi?cation in 

which the cathode3 is connected by a low im 
pedance path through capacitance I9 to the posi 
tive terminal of space current source 6 while 
the control grid 4 is connected by a low im 
pedance path through capacity 20 to electrode 
I. As shown in Fig. 11 the potentials E1 and E2 
will alternately rise and fall about the potential 
of the positive terminal of source 6 and the 
potential of the grid 4 will partake of the same 
variations as that of electrode I but will be lower . 
by an amount equal to the sum of the space cur 
rent potential Eb and the grid bias potential EC 
With this arrangement the group of electrons 

' leaving the cathode at to is assisted by the slight 

45 

50 

55 

60 

65 

minal of source 6 as indicated in Fig. 8. At the ' 
instant to, E1 is at a maximum positive poten 
tial which exceeds ,Il- EC where a is the mutual‘ 
conductance of the discharge device. Conse 

70 

quently a group of electrons is relased in the . 
interval from to to is and it proceeds toward 
electrode I with accelerating velocityas‘ indi 

ly’positive potential of the control grid 6! while 
at other times the much lower potentiahof 
the grid is exerted toward inhibiting emission 
of the electrons. - Accordingly a somewhat bet 
ter electron grouping or discrimination between 
periods of electron emission and no emission may 
be secured. As in the circuit of Fig. '7 the spac 
ing of the electrodes and the design‘ of the var 
ious elements of the structure together with the 
potentials of the space charge and biasing 
sources should be such that the transit time 
between the cathode and‘ the electrode I will be 
about ,seven-eighths cycle. The approximate 
velocity relations of the electrons are indicated 
in Fig. 12. 
The systems which have been described em 

body a considerable improvement over prior 
electron discharge devices in that the spacings 
between the cathode and the elements I and 2 
may be relatively very large. For instance, with 
an anode potential .of 100 volts’ and with an op 
erating frequency of 300 megacycles an electron 
leaving the cathode of Fig. 7 or Fig. 10 at to 
will travel over one centimeter in one cycle so 
that elements I and 2 should be located at a 
distance from the cathode 3 of the order of one 
centimeter. This is a much greater distance 
than that which is required in electron discharge 
devices of the ordinary types to operate at the 

' frequency and voltage speci?ed. With an anode 
potential of 400 volts, other conditions being 
the same, the electrons will travel over two 
centimeters in one cycle, which is a prodigiously 
large dimension compared to that obtaining in 
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standard electron discharge practice for this 
frequency. These dimensions will be reduced in 
proportion to the wave-length .so that at a fre 
quency of 1200 megacyclésQthat is, a wave-length 
of ,25.centimeters, in an electron discharge de 
vice operating with an anode potential of 400 
volts, the spacing between the cathode and the 
electrodes I, 2 may be of the order of one-half 
centimeter. , . 

In the apparatus and circuits thus farfde~ 
scribedthe transit time or time of ?ight of an 
electron from the cathode to electrode I for the 

I greatest e?iciency is a function of the anode‘ 
potential and of the operating frequency. If 
the major number of electrons arrives before 
the instant t1 or after the instant t2 the e?i 
cie'nc'y; will be greatly reduced. If theyvarrive 

- too much before or too much later than these 
instants,‘ oj'scil'lations will not occur. 

Fig. 13 represents a generalized circuit sche 
matic whereby a- particular structure may be uti 
lized for-variable "potentials vand variable fre 
quencies. In that structure the: elements I and 

' 21fare associated with 'a‘s'uitable external circuit 
such as the inductance 2| illustrated; Feedback 
from the externalfcircuit. to the) circuit" of the 
cathode 3 and grid 4 may be eifectedzby feedback 
path includingr the transformer 22 and the 
variable phase shifting network or transmission 
line 23 so as to produce proper phase timing of 
electrons emitted at the cathode. ‘Viewed from 
a somewhat different angle the- -transit time of 
electrons passing from the cathode 3 to the plane 
of electrode I may be' made different from that‘ 
which has been described in connection With the 
previous systems and the difference may be com 
pensated for by the phase shift which occurs in 
the device 23. Of course, the elements I and 2 
should be placed as close ‘together as convenient 
for the reason that in this system as in all the 
preceding systems which have beendiscussed, the 
energy delivered up from the electrons to the 
oscillatory circuit is delivered in the interspace 
I, 2 and the shorter the time in which this ex-' 
change of energy may occur the shorter the half 
cycle of the operating frequency may be. In all 
these systems it is also quite desirable to place 
the control electrode 4 close to the cathode since 
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a considerable part of the cycle is utilized for the ' ‘ 
electrons to attain su?lcient velocity to pass the 
control electrode 4. In order to prevent feed 
back in the circuit of Fig. 13 except through the 
feedback circuit 22, 23, element I may be con 
nected to earth through a large blocking con 
denser as indicated at 24._ As an- alternative the 

50 

electrode 4 'may be directly connected to earth at , I 
its lowerterminal. . 

Since in each of the systems described the 
electrons which perform the useful work pass 
through interstices of electrode I, it is desirable 
to give that electrode such con?guration that it 
may be passed through by as many electrons as 
possible with as few as possible intercepted by it. 
‘The electrode I may, therefore, be formed as a 
plane grid or the electrodes may all be arranged 

. in the conevntional concentric manner in which 
electrode I will have an annular or cylindrical 
conformation. To prevent interception of elec 
trons by. the electrode I a system of focussing or 
guiding of the electrons may be utilized in each 
of the systems which has been illustrated. Such 
a device, as shown in Fig. 14, may comprise one 
or more additional grids 25 and 26, the former 
of whichv is biased by a source 21 to a slightly 
lower potential than that of the source 6, and’ 
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. circuit 40 with its slidable tuning device 4|. 
. load circuit 42 of any type indicated in a gen 
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the latter of which is biased by a focussing source 
.of low potential 28 to a potential betweenv the _poq- . 
tentials of elements 25 andl. With this feature, 
the conductors of the grid 25 which are aligned, 
with thoseof element I will intercept and dissi- . 
pate the energy of electrons-which would other? 
wise be directly incident upon the conductors of 
electrode I. Such electrons as are 'not inter: 
cepted by the grid 25 will be slightly deflected 
by the ?eld adjacent to grids 25 and 26 but be 
tween 25, and 26, and between 26 and electrode I 
from paths incident upon the conductors of ‘elec- . ‘ 
trode I so as to pass between those conductors. . 
It will be understood that in other respects the 
systems of the preceding ?gures will be un 
affected by the introduction of the electron in 
tercepting and focussing feature of Fig. 14. 

Fig. 15 is a schematic of an amplifying system 
in which the unipotential cathode 3 is heated by a j 
heater element 30. As illustrated, the control 
grid 4 is connected to earth at 3| but in lieu of 
this the cathode 3 may be directly grounded if 
desired. ' The electromotive force of the Wave to 
be ampli?ed is impressed by a circuit 32‘ which is 
inductively coupled to the tuned circuit 33 con 
nected between cathode 3 and control grid 4. 
vThe groups of electrons from the cathode move 

- across to the electrodes I and .2 and deliver en 
ergy to the circuit 34 as willrbe. readily under 
stood. The effect of the impressed input electro 
motive forces is to change the magnitude of the 
emitted groups of electron's.v Consequently the 
energy transferred to the circuit 34 vwill accord 
ingly vary and its" amplitude will be greatly in 
creased by virtue of the kinetic electron velocity 
energy which has been introduced into the oscil 
lating system during the process. In order to 
prevent feedback the control electrode 4 is 
grounded at 3| as described and the foraminate 
output electrode I may also be connected to 
ground at 35 through a capacitance 36 which is 
of negligible impedance at the frequency of 
oscillations to be amplified. 
As an alternative device for preventing feed 

back in a system of the type disclosed in Fig. 15 p. 
'the electrodes 4 and I may be left ungrounded 
as shown in Fig. 16 in which agrounded shield? 
ing electrode 31 is interposed between electrodes 
4 and I. The shield 31 should haveits conduct 
ing elements preferably so placed as to lieb'e- - 
tween the individual beams issuing from the in- ‘ 
terstices of control electrode 4 so that it will in 
tercept as few electrons as possible. This may 
be effected by placing the conductors of the ele 
ment 3'! in alignment with those of the. control 
grid 4 in the direction of travel of electrons. Its 
potential should be maintained between'those of 
elements 4 .and I. - . 

Fig. 1'? illustrates a modi?cation of the ampli 
?er, Fig. 15, in which the tuned circuit 33 is re 
placed by the coaxial input line 39 _and p the 
tuned output circuit 34 is replaced by the Lecher 

A 

eralized fashion by resistance '43 and capacity-44 
may be associated with the Lecher output circuit. 
The apparatus of this device is provided with a. . 
grounded shield 31 maintained at a‘suitable po 
tential toprevent undesired feedback from the 
output to the input circuit. _ 1 
In lieu of the parallel plane configurations of 

elements I and _2or of the alternative‘ concentric 
cylindrical con?gurations of these elements the 
two may be designed _to' constitute together a 
resonant enclosedtank as indicated in cross-sec 
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tion in Fig. 18. The external circuit connected 
to the tank'may comprise a high impedance co 
axial output line having an outer conductor 45‘ 
connected‘ to the anode 2 and a central inner 
conductor 46 passing through an opening in the 
anode 2 to a point in the electrode I. In or 
der to control the phasing of the emission of 
clouds of electrons a feedback path is'provided 
comprising a coaxial conductor ‘III of suitable 
length leading back and connecting to elements 
3 and 4 through stopping condenser 13. A bias 
choke coil 14 and biasing source 15 are connect 

U! 
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ed directly between the cathode and grid to ap- , 
ply a proper polarizing potential thereto where 
by in the absence of oscillating electromotive 
forces electron emission from the cathode is. sub 
stantially inhibited. It is to be understood that 
the circuits of Figs. 1, 4, 7, 10, 13, 14, 15, 16 and 
17 as well as of ‘the systems remaining to be 
described may be deemed to embody such a closed 
container type of resonant tank circuit as is 
shown in Fig. 18. Obviously in lieu of the coaxial 
line output connection a loop coupling element 
such as that of the secondary of the transformer 
associated with output line 42 of Fig. 17 may be 
introduced within the tank circuit to couple, in 

. the output circuit. 
An electron discharge apparatus of quite dif 

i‘erent form for producing electron groupings in 
the proper time phase is illustrated in Fig, 19. 
The electrons are emitted by a cathode 3 which 
may be of a hot wire or of a plane sheet form 
as desired, and which is heated by the heater 4] 
connected to a source 48 of heating current, The 
output electrodes I and 2 may similarly designate 
output electrodes like those of the systems which 
have already been described. A grid or ring 
shaped electrode 50 closely adjacent the cath 
ode and biased negatively with respect thereto 
by a source 5| in series with the high frequency 
choke coil 52 serves with a similarly shaped ac 
celerating electrode 53 which is polarized posi 
tively by the source 54, to focus electrons from 
the cathode 3 and project them at high velocity 
through one or'more intermediate electrodes such 
as 55, 56, 51 and 58 to the output electrodes 5 
and 2. Intermediate electrodes 55, 56, 57 and 58 
are spaced along the path of electron movement 

15 

20 

25 

30 

35 

40 

45 

at intervals which correspond to half cycle tran- ' ' 
sit times, the last intermediate electrode being 
spaced at a half cycle transit time distance from 
a plane in the. interspace i, 2 just in front of 
the anode 2 or proper odd or even multiple of 
such half cycle transit time distance depending 
upon polarity connection to the output circuit. 
In' the operation of this system a steady stream 

the focussing element 50 and the accelerator 
53 will during one half cycle as indicated in 
Fig. :20, ?nd that electrodes 55 and 51 have po 
tentials which are elevated above that of elec 
trode 53 and electrodes 55 and 58 will have de 
creased potentials below that of electrode 53. The 
potential gradient between electrode 55 and its, 
neighboring electrodes will accelerate electrons 
approaching it and retard those which have 
passed it. Similarly the elevated potential on 
electrode 51 will accelerate electrons between 56 
and 51 and retard those which, have passed 51 
on their way to electrode 58. During the next 
half cycle of oscillations in the circuit I, 2, ‘I, 
the r versal of potentials on electrodes 55 to 
58, inc usive, will be such as to accentuate the 
bunching or grouping of the electrons so that 
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.of electrons leaving the cathode 3 passing through ‘ 
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ultimately the major part of the electrons will 
be gathered in groups each falling within a half 
cycle transit time distance and separated by sub 
stantially electronless voids of equal duration as 
is indicated by the group of electrons in the 
neighborhood of electrodes I and 2 in Fig. 20. 
It will, of course, be understood that the‘ spac 
ings between the electrodes I and 2 and that 
between these two electrodes and the elements 
55, 56, 51 and 58 must be in accord with the 
principles which have been disclosed in order 
that the groups of electrons may arrive at elec 
trode I at such time as to yield their energy to 
the opposing ?eld between electrodes I and 2. 

Fig. 21 discloses the manner in which the 
structure of Fig. 19 may be employed as an am 
pli?er. To simplify the drawings the cathode 3 
and the accelerator electrode 53 are shown, the 
various biasing and accelerating external circuits, 
the focussing grid and the cathode heating source 
being omitted. As illustrated in Fig. 21 an in 
coming line or antenna 60 may be inductively 
coupled with the tuned input circuit 6| which is 
connected between electrodes 55 to 58, inclusive, 
in the manner shown. An accelerating electrode 
53 is connected as in Fig. 19 to power supply 
source of the output electrodes I and 2. The 
tuned output circuit 62 is inductively coupled to 
an outgoing line 63. The variable alternating 
potential impressed on the electrodes 55 to 58 
will cause bunching of the electrons in propor 
tion to the amplitude of the incoming high fre 
quency wave and there will, therefore, be deliv 
ered to the output electrode system I, 2, and to 
the resonant circuit 62 and the load circuit 53 
coupled therewith, ampli?ed high frequency en 
ergy in proportion to the bunching which oc 
curred within the discharge device. 

Fig. 22 illustrates an expedient to inhibit emis 
sion ofsecondary electrons by the anode 2. The 
anode may be‘ constructed of carbon or of car 
bonized metals. As -an additional precaution 
against secondary electron emission, element 2 
may be provided with conductor strips 64 paral 
lel to the direction of motion of the incident elec 
trons. Accordingly most of the secondary elec 
trons emitted will be intercepted by the strips 
66 and vwill be absorbed. 
An alternative expedient as illustrated in Fig. 

23 is to provide the anode 2 with a supplemental 
grid-like structure 65 placed in front of it in such 
a manner as to catch secondary electrons emitted 
from the anode 2. The grid 65 and-the anode 2 
may be connected directly together or they may 
be connected as shown in Fig. 23 through a bi 
?lar choke coil 66 and a biasing source 67 which 
renders the grid 65 slightly negative with respect 
to the anode 2. In this circuit a large capacity 
connecting anode 2 and grid 65 maintains them 
at relatively ?xed high frequency potentials with 
respect to each other. ' 

It will, of course, be understood that the ex 
pedients of Figs. 22 and 23 may be employed in 
any of the systems shown. ' . 

It is to be .understood that when the tubes are 
constructed with plane shaped elements, and 
electron ?ow desired to be one dimensional as 
indicated in the ?gures, a longitudinal magnetic 
?eld may be employed together with focussing or 
electron directing methods described, or in lieu 
of them to guide the electrons along‘, the desired 
path. It is also to‘be understood that the ele 
ments may be cylindrical in shape, with the 
cathode at the center, or any other suitable 
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shape, in which case electron ?ow will occur in 
two or more dimensions. 
With respect to' certain aspects of the inven 

tion this application is a continuation in part of 
the subject-matter of an application of R. A. 
Heising Serial No. 93,546, ?led July 31, 1936, 
which was issued May '7, 1940 as United States 
Patent 2,200,063. 
What is claimed is: 
1. An electron discharge device comprising a 

cathode, a pair of conducting elements widely 
separated therefrom but closely spaced with re 
spect to each other, the element nearest the 
cathode being apertured, a resonant electrical 
system connected to the conducting elements, 
means for polarizing the elements positively with 
respect to the cathode, means controlled by the 
resonant system for causing electrons emanating 
from the cathode to arrive at the apertured posi 
tive element in periodic spurts at times when the 
electrostatic ?eld in the interspace between the 
conducting elements occasioned by oscillations in 
the resonant system is directed to oppose elec 
trons proceeding from the cathode, the spurts 
being separated by intervals of substantially no 
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electron ?ow, the frequency of the resonant sys- ' 
tern and the velocity of the electrons upon arrival 
at-the apertured element being so related that 
during the entire transit of the electrons between 
the pair of conducting elements, the electrostatic 
?eld of the interspace between the conducting 
elements abstracts energy from the electrons. 

2. An electron discharge device comprising a 
cathode, a pair of elements at some distance from 
said cathode and closely spaced with respect to 
each other, means for causing electrons to be 
radiated from the cathode in periodic spurts with 
intervening spaces during which relatively few 
electrons are radiated, a high frequency external 
path of negligible impedance connecting the 
cathode to the nearer element which is apertured 
to ?x the timing of emission of electron spurts, 
an oscillation path connected between the two 
elements, a source of unidirectional polarizing 
potential connected to the cathode and to the 

v twd elements through the oscillation path to 
render both elements positive with respect to the 
cathode, the spacing between the cathode and the 
elements being such and the timing of the elec 
tron spurts from the cathode beingso related to 
the oscillations in the high frequency external 
path that a spurt of electrons from the cathode 
reaches the elements in a transit time such that 
the electrons after passing the ?rst element 
traverse the interspace between the two elements 
in opposition to the electrostatic ?eld gradient 
therein and accordingly deliver up energy to the 
system comprising the two elements and the 
oscillation path. 

3. An electron discharge device comprising a 
cathode, a pair of elements in the path of elec 
trons from said cathode and closely spaced with 
respect to each other, means for causing electrons 
to be emitted from the cathode in periodic spurts 
with intervening spaces during which relatively 
few electrons are emitted, an external path con 
necting the cathode to the nearer element which 
is apertured, the path having negligible imped 

- ance at a desired operating frequency to enable 
the potential of the apertured element to regulate 
the electron spurt emission instants at the cath 
ode, an oscillation path connected between the 
two elements, a source of» unidirectional polariz 

' ing potential connected to the cathode and to the 
two elements through the oscillation path to ren 
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der both positive with respect to the cathode, the 
spacing between the cathode and the elements 
being such and the ‘emission instants of the elec 
trons being so controlled that a spurt of elec 
trons from the cathode reaches the elements in a 
transit time such that the electrons after passing 
the ?rst element traverse the interspace between 
the two elements in opposition to the electrostatic 
?eld therein and accordingly deliver up energy to 
the oscillating system comprising the two ele 
ments and the oscillation path. 

4. A wave transmission system including. an 
electron discharge device comprising a source of 
electrons, means for causing the source to emit 
electrons in groups separated by spaces at the 
periodicity of a wave which the system is de 
signed to transmit, two electrodes positively 
polarized with respect-to the source of electrons 
and located at respectively different distances 
therefrom, the electrode nearer the source being 
foraminate, and means for impressing between 
the two electrodes an alternating electromotive 
force to set up an electric ?eld, the electromotive 
force being so phased that at the instants of in; 
cidence of each group of electrons upon the 
foraminate electrode that electrode is positive 
with respect to the more remote electrode where 
by in passing from the locality of the foraminate 
electrode toward the other electrode the electrons 
yield energy to the ?eld and the velocity of the 
electrons upon incidence at the foraminate elec 
trode being .50 related to the frequency of the 
oscillations produced that their time of transit 
between the foraminate electrode and the other 
positive electrode is less than. a half cycle of the 
oscillations. 

5. An electron discharge apparatus comprising 
in combination a thermionic cathode, a control 
electrode adjacent thereto, two positive electrodes 
toward which the electrons from the cathode are 
projected in groups, means for polarizing the 
positive electrodes to positive potentials with re 
spect to the cathode and for polarizing the con 
trol electrode to such a normal negative potential 
with respect to the cathode as normally to pre 
vent transmission of electrons from the cathode 
toward the positive electrodes, the positive elec 
trodes being located at different distances from 
the cathode and the nearer positive electrode 
being apertured to permit electrons to pass there 
through into the space between the positive elec 
trodes, means for electrically connecting the posi 
tive electrodes to constitute therewith an oscilla 
tion circuit, and a path of negligible impedance 
at the oscillation circuit frequency connecting 
the apertured electrode to the cathode to cause 
the potential of the cathode to rise and fall with 
respect to the potential of the control grid in , 

--'consonance with oscillations of the oscillation 
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circuit to permit groups of electrons to be trans 
mitted cyclically from the cathode toward the 
"positive electrodes at instants when the potential , 
control grid is most positive with respect to the. 
cathode, the magnitude of the polarizing poten--' 
tial on the positive electrodes and the space be 
tween the ‘cathode and. the positive electrodes 
being such that the transit time for electrons 
passing from the cathode to the nearer positive 
electrodeenables the electrons to pass through 
said nearer electrode and to react with the elec 
tromagnetic ?eld between the positive electrodes 
only during intervals in. which the ?eld opposes 
transit of the electrons and accordingly abstracts 
energy therefrom. - 
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6. A wave transmission system including an 

electron discharge device having a thermionic 
cathode, a control electrode adjacent thereto to 
assist in breaking up the continuous stream of 
electrons emitted from the cathode into sepa 
rated groups, a pair of positive electrodes toward 
which the groups of electrons are projected, one 
of the positive electrodes'being apertured and 
located nearer to the cathode than the other to 
permit electrons to pass therethrough into the 
space between the two electrodes, means elec 
trically connecting the positive electrodes to con 
stitute therewith an oscillation circuit, a path of 
negligible impedance at the oscillation circuit 
frequency connecting a point of the oscillation 
circuit to the cathode to impress upon the oath 
ode with respect to the control electrode poten 
tials which rise and fall in consonance with oscil-‘ 
lations of ‘the oscillation circuit and means for 
impressing positive potentials upon the positive 
electrodes with respect to the cathode, the mag 
nitude of- said potentials being so related to the 
distance between the cathode and the positive 
electrodes that a group of electrons passing from 
the cathode reaches and passes through the 
nearer positive electrode at ‘such a time interval 
after, its emission from the cathode that the 
electromagnetic ?eld between the two positive 
electrodes opposes electrons in their transit and 
abstracts energy therefrom. 

7. A wave transmission system including an 
electron discharge device having a thermionic 
cathode, a control electrode adjacent thereto to 
assist in breaking up the continuous stream of 
electrons emitted from the cathode into sepa 
rated groups, a pair of positive electrodes toward 
which the groups of electrons are projected, one 
of the positive electrodes being apertured and 
located nearer to the cathode than the other to 
permit electrons to pass therethrough into the 
space between the two electrodes, means elec 
trically connecting the positive electrodes to con 
stitute therewith an oscillation circuit, means to 
impress upon the positive electrodes potentials 
of such magnitude with respect to that of the 
cathode and with respect to the spacing between 
the cathode and the positive electrodes that a 
group of electrons emitted from the cathode will 
pass through the apertured positive electrode into 
the space between the two positive electrodes 
during an interval in which the apertured elec 
trode is at a positive potential with respect to the 
other positive electrode so that the electrons may 
yield energy to the opposing electromagnetic ?eld 
between the positive electrodes and a path of 
negligible impedance at the oscillation circuit fre 
quency connecting an intermediate point in the 
oscillation circuit to the control electrode to make 
the potential of the control electrode su?iciently 
more positive for a small portion of the cycle to 
enable a group of electrons to be projected from 
the cathode. 

8. A wave transmission system including an 
electron discharge device-having a thermionic 
cathode, a control electrode adjacent thereto to 
assist in breaking up the continuous stream of 
electrons emitted from the cathode into sepa 
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impress upon the positive electrodes potentials of 
such magnitude with respect to that of the cath 
ode and with respect to the spacing between the 
cathode and the positive electrodes that a group 
of electrons emitted’ from the cathode will pass 
through the apertured positive electrode into the 
space between the two positive electrodes during 
an interval in which the apertured electrode is at 
apositive potential with respect to the other posi 
tive electrode so that the electrons may yield en 
ergy- to the opposing electromagnetic ?eld be 
tween the positive electrodes, and a path of neg 
ligible impedance at the oscillation circuit fre-' 
quency connecting the cathode to the control 
electrode to make the potential of the control 
electrode 'su?iciently more positive for a small 
portion of the cycle of the natural frequency of 

t the oscillation circuit to enable a group of elec 
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rated groups, a pair of positive electrodes toward . 
which the groups of electrons are projected, one 
of the positive electrodes being apertured and 
located nearer to the cathode than the other to 
permit electrons to pass therethrough into the 
space between the two electrodes, means elec 
trically connecting the positive electrodes to con 
stitute therewith an oscillation circuit, meansto 
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trons to be projected from the cathode. 
9. An electron discharge device including a 

foraminate electrode and a substantially imper 
forate electrode parallel to the foraminate elec 
trode and substantially as close as possible there 
to, a source of electrons for projecting groups of 
electrons at, intervals corresponding to the cycle 
time of oscillations to be'transmitted, the direc 
tion of propagation of the electrons being such as 
to cause them to pass through the foraminate 
electrode toward the other electrode and their 
time of emission being so controlled that inci 
dence of a group of electrons in the general plane 
of the foraminate electrode occurs when that 
electrode is at an oscillation potential which is 
positive with respect to that of the other elec 
trode, a polarizing source for impressing upon the 
imperforate electrode a potential which is posi 
tive with respect to that of the source of elec 
trons and of such magnitude with respect to the 
length of the space path between the source of . 
electrons and the foraminate electrode that a 
projected group of electrons from the source re 
quires a substantial portion of a cycle to reach 
the foraminate electrode, a circuit resonant at 
the frequency of the oscillations to be trans 
mitted connected between the forarninate elec 
trode and the adjacent electrode, means con 
trolled by the resonant circuit for causing the 
source of electrons to project groups of electrons 
at correct intervals and to inhibit transmission 
of electrons during the remaining portion of the 
cycle whereby passage of electrons through the 
foraminate electrode and toward the imperforate 
electrode is always attended with an opposing 
electric ?eld between said two electrodes to which 
the electrons yield energy. 

10. An electron‘ discharge apparatus, an elec 
tron emitting source, a screen electrode, means 
making the potential of said screen electrode 
positive with respect to said source, means com 
prising a high frequency input circuit for causing 
electrons leaving said electron source to arrive at 
said screen electrode in‘ groups, an output elec-I 
trode beyond said screen electrode but placed 
very closely with respect thereto, means making 
the potential of said output electrode positive 
with respect to said electron source, an output 
oscillation circuit including'said screen electrode 
and said output electrode and resonant at the 
‘frequency of desired input oscillations, the sepa 
ration of the screen electrode and output elec-' 
trode from the electron emitting source being 
such that with the positive polarizing potential 
applied to the output electrode the transit angle 
for electrons between the ‘cathode’ and screen 
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tron groups to arrive at the screen electrode at 
instants of the high frequency cycle at which 
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electrode is su?iciently great to cause the elec-' ' 

oscillations in the output circuit, render the screen - 
electrode positive with respect to the output elec 
trode whereby after passing through the screen 
electrode and while moving across to the output 
electrode the electrons of each group react 

- against the counter ?eld between thescreen and 
output electrode to deliver power to the load cir 
cuit, the transit time for electrons passing from 
the screen electrode to the output electrode being 
less than a half- cycle of the output oscillation 
frequency. ' ‘ 

11. In electron discharge apparatus, a source of 
electrons, a screen electrode spaced therefrom, an 
output electrode beyond said screen electrode and 
closely spaced therefrom, means making said 
screen electrode positive relative to said source 
of electrons, an oscillatory load circuit included 
between said screen electrode and output elec-' 
trode resonant at the frequency of desired oscil 
lations and a high frequency input circuit in 
cluding an electrode adjacent the path of travel 
of electrons from said source of electrons toward 
said screen electrodes for causing said electrons 
to arrive at said screen electrode in groups, the 
separation of the screen electrode from the cath 
ode being such that the transit angle for elec 
trons from the cathode to the screen electrode is 
of the value required to cause the groups of elec 
trons to reach the screen electrode when that 
electrode is at a positive portion of its oscillatory 
load circuit potential cycle with respect to the 
output electrode whereby the electrons proceed 
ing in the interspace between the screen electrode 
and the output electrode encounter-an opposing ' 
electrostatic ?eld and deliver energy theretov and 
the transit angle for electrons to pass from the 
screen electrode to the output electrode being less 
than a half cycle of the oscillatory load circuit 
oscillations. ‘ v . 

12. In electron apparatus in the order named, 
a source of electrons, electrode means adapted to 
be controlled by high frequency potentials for 
causing electrodes to pass in groups, a space 
traversed by said groups of electrons, a screen 

. electrode andcan output electrode closely spaced 
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therefrom, means for impressing a positive poten 
tial on said screen electrode and said output elec 
trode with respect to said cathode, a tuned load 
circuit connected between said output electrode I 
and said screen electrode, and means for main 
taining the positive potentials on the screen elec 
trode and output electrode of such magnitude 
that the time of electron transit from the source 
to' the output electrode is correct to cause the 
electrons to pass through the screen electrode 
during the time when the tuned load circuit oscil 
lation makes the screen electrode positive with 
respect to the output electrode whereby the elec 
trons deliver energy to the ?eld between the 
screen electrode and the output electrode. - 

13. In an electron discharge device, a source of 
electrons, a screen electrode spaced therefrom, an _ 
output electrode beyond said screen electrode but 
closely spaced with respect thereto, a high fre 
quency input circuit, electrode means adjacent 
said‘ source'of electrons and coupled with said 
input circuit for producing high frequency vari 

. ations in the electronstream from said source to 
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said output electrode,. electrode means interme 
» diate said ?rst electrode means and said screen 
for increasing the velocity of the electrons be 
tween said output electrode whereby they arrive 
at said screen with high velocity and a load cir 
cuit terminated on said screen and output elec-_ 
trode tuned to said high frequency, a source of 
polarizing electromotive force for impressing up 
on the screen electrode and the output electrode 
a positive potential with respect to the source of 
electrons, the magnitude of said potential being 
so related to the distance of the electron travel 
that the maximum intensity portions of the elec 
tron current arrive at the screen electrode at in 
stants in the high frequency load circuit cycle at 
which the screen is positive with respect to the 
output electrode and at velocities such that their 

. transit time from the screen electrode to the out 
put‘eleetrode is less than a half cycle of the high 
frequency load circuit oscillations whereby after 
passing through the screen they deliver power to 
the load circuit when they move across to the 
output electrode. ' _ 

' RAYMOND A. HEISING. 


